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The invention relates to a measurement system and more 

particularly to a system for measu~ing the speed of fluid to 

allow flow rate to be determined usinq transducers. 

One system disclosed in our copending patent application (UK 

9021441..2) relates t;o an arran9ement for measurinq, inter 

aiia, qas flow in a qas meter. The arrangement measures the 

speed or volume of 9as by determining the time of fliqht of an 

ultrasonic $iqnal 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 arranqem.ent is concerned with improveJD.ents to such 

systems to enable even more accurate and/ or repeatable results 

to be -achieved. 

According to the invention there is provided apparatus for 

measuring the flow of a fluid, comprisinq: 

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 throuqh the measuring tuber 

switching means for allowing each transducer to be used for 

either transmission or reception of a signal used to measure 
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the speed of the fluid through the measuring tube; and 

correction means for substantially eliminatinq. transducer 

delay errors to ensure the accuracy of the fluid speed 

measurement. 

ftlrther according to the invention there is provided a method 

for llleasurinq the flow of fluid throug'h a duct, said method 

comprising: 

transmittinq a signal fro~ a first transducer throuqhthe 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 o~ the fluid from the transducer 

signal transmission times~ and 

ef f ectinq a correction measurement for substantially . 

eliminatinq transducer delay errors to ensure the accuracy of 

the fluid speed measurement. 

FUrther according to ~he invention there is provided apparatus 

for measurinq the flow of a fluid, comprisinq; 

a duct with an inlet and outlet for the fluid; 

a measurinq tube within the duct; 

first and second transducer means disposed in the duct to 

define an acoustic path through the measuring tube; 

switching means for allowing eaoh t~ansducer means to be used 

for eithe·r. transmission or reception of a signal used to 

measure the speed of the fluid through the measurinq tube~ and 

third transducer means for providing a periodic correotion _ -

,. 
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measurement by determining the time for a transmitted s1gna1' 

therefrom to pass down two paths of known length for 

caiibration purpo_ses to ensure the accuracy of the fluid speed 

measurenient effected by the first and second transducer means. 

. . 
!'llrther according to the invention there is provided a method 

for measurinq the flow through a duct, said 10ethod comprising; 

transmitting a signal from a first-transducer through the flow 

path of the fluid for receipt by a second transducer; . 

swi tcliinq the transducers to allow trans:mis$ion to be ef tected 

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 

periodically effectinq a correction measurement by utilising 

a third transducer for determininq the time for a transmitted 

signal therefrom to pass down two paths of known length for 

calibration purposes to ensure accuracy ot the fluid speed 

measurement effected by the first and second transducers. 

Aec¢rdinq to a further aspect of the invention there is 

provided a device for measurinq the speed of sound in a fluid, · 

comprisin91 

a first transducer; 

means defining a first si9nal path tor said first transducer; 

means defining a second siqnal path fo:r: said first transducer: 

means tor transmitting a signal from said 'first transducer 

along s~id first and second paths; 

means for :receivinq the signal from said first and second 
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paths: and 

means for determining the difference in ti•e taken for the 

signal to travel said paths to provide speed of sound 

information independent of transducer delay. 

According· to a further aspect of the invention there is 

provided a method for measurinq the speed of sound in a fluid, 

c:omprisinq: 

transmitting a signal from a first transducer along a first 

signal path1 

transmitting a sig-nal from said first transducer along a 

second signal pathf 

receiving the signal from the first and second signal pathsr 

and 

determining the difference in ti~ taken for tha signals to 

travial said paths to provide speed of sound information 

independent of transducer delay. 

The invention will now be described by way of example with 

reference to the accompanying drawings in which: 

Fiqure 1 shows a suitable housing for the invention; 

Figure 2 shows a sectional view of the Figure l housing with 

the.internal component layout; 

Figure 3 shows the flow chamber and transducer aspects in more 
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detail1 

Figure 4 shows an exploded view of the Figure 3 arranqement; 

Figure 5 shows the auxiliary transducer and tube assembly in 

tnore detail: 

Fisure 6 shows an alternative auxiliary transducer 

confi911ration; 

Figure 7 shows details of electronic circuitry associated with 

the flow measurement: and 

Fiqure 8 shows the control and processinq steps associated 

with calibration. 

The exterior arrangement of Figure 1 suitable for the present 

configuration and for the arranqement disclosed in our 

copendinq application UK 9021441.2 contprises a housing 10 

incorporating a duct 11 with tluid flow inlet 13 and outlet 

14. Above the duct 11 is a second part 12 of the housing 10 

which incorporates a battery compartlllent 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 meterinq and switches 18,19 provide 

display selection. 

Within the duct 11 are a pair of transducers 36,37 (see FiCJUre 
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2) which are used to measure the rate of flow within the duct 

in a manner described in more detail below, to act as a 

metering device, for example. 

The transducers which operate at ultrasonic frequencies, are 

incorporated within a flow chamber assembly20 within.the 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 

also carries an inner, qenerally 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."7ithin 

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 eaoh end and the diameter of the bore of the 

tube increases adjacent each end in the reqion 42 to provide 

"lllOdifications 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.housinq duct 
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11 so as to pass around the outflide of the chamber 21 and 

thence throug~ the apertures 47 into the chamber 21. The 

_fluid then continues through the_ chamber 21 passing over the 

disc-like extension· 41 and through the shaped region 4.2 of the 

tube 40. After travelling down the tube 40 the fluid emerqes 

and passes over the extension 41 and passes out through the 

apertures 4.7 in chamber 22. External of this _chamber, the 
. . 

fluid passes through the housin9 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 

qas 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 auxi~iary transducer 56 with associated tube 55 is provided 

within~and extendinq throuqh the chambers 21,22 and is used 

for calibration purposes as described in more detail below. 

The tube 55 includes porous end sections ssa,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. 
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Extending from the chamber 21 is a transducer housing 29 

containinq one of the ultrasonic transducers 37. The 

transducer as seen from Figure 2 is separated fro~ chamber 21 

by partition 45. Thus transducer 37 · is loea.ted. at one end of 

a chainber 50 and the partition 45 is at the other end of 

ohamber so. 'l'he chamber is 1ined with acoustic material 43 to 

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. 'rhe aperture will be covered with gauze 51 (see 

Figure 4). 

Th• provision of chalrlber so with only a small ap~rture allows 

only 9ene.rally parall_e.l waves to pass therethrouqh rather than 

a divergent beam. The location of the t~ansducer 37 at ·the 

far end of the chamber so assists with this action and reduces 

the risk of dust contamination of the transducer. The chamber 

partition also isolates the chamber fr01U the fluid path. 

A similar arrangement is provided for transducer 36 with 

housing 38 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 
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connector 48. The power source for the system is provided by 

battery 35. 

The transducer 56 toqether with the associated tube 55 is 

shown in more detail in Figure 5. 

'I'he bore of.the tUbe is very small (e.g •. 5mm.) compared to the 
' 

bore of the mea~urinq tube and. the porous end sections 55a,55b 

are only suf f ioient to allow a Slaall portion o~ fluid to pass 

into. _the tube._ Thus any flow throu9h tube 55 is negliqible, 

esp_acially when compared with the flow throuqh the measurinq 

tube 40. However this is sufficient for the tUl>e 55 to 

contain an accurate sample of the fluid flowing within the 

measuring tube 40. The w-ire 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 tuoe 55 to the end reflector surface 54 (a distance 

Lx) which signal is then reflected ba~ the distance Lx makinq 

a total distance of 2Lx altogether. A shnilar process 

utili.sinq a double reflection is carried out as described 

below and in this case the total dist~nce is 4Lx altogether. 

The flat transducer face 56a is employed in that operation. 

The purpose ot 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 
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transducer 56 is provided within the chamber 22. The support 

23 in this embodiment is part of the moulding and includes 

portion 23a havinq a concave face which acts as a reflector 

for the transducer 56. A portion 54 of the transducer 

assembly adjacent the transducer also acts as a reflector as 

does the face of the transducer 56 itself. The paths of the 

siqnals are utilised as in the earlier embodiment. 

The provision of the support as part of the moulding allows 

the reflector to.be integrally formeq, removes the need for o­

rinqs and reduces the space taken up by t~e support to allow 

sufficient room for the transducer 56 and associated paths ta 

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 siqnal paths are thus quite separate from 

the l'!leasurement transducers and measurement- tube 40 and 

eli~inates 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 eml'>odiment the distance Lx will be the distance 
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from transducer 56 to the face 54 (via reflector 23a). 

The 2~ distance will be that travelled by the signal back on 

this route after reflection at the transducer 56 ie the signal 

having underqone a sinqle reflection. The 4LX distance will 

be that travelled by the signal having undergone a double 

reflection. 

The auxiliary transducer calibration or correction mechanism 

is provided for the·followinq reasons. 

The velocity V of qas flowing in the main measurement tube may 

be calculated from the times for ·the ultrasonic siqnals to 

pass therethrough (a distance L) in each direction, according 

to the velocity formula 

Velocity V ~ (L/2) * (T2 - Tl)/('l'l * T2) .a •••••• (1) 

where the time of fliqht in each direction is Tl and T2. 

Errors in the values of Tl and T2 arise because there will be 

additional time del~ys due to electronic circuit delays, the 

inertia of the transducers and multimode ·propaqation effects 

in the measurement tube. The inertia of the transducers is 

the major de~ay error (typically 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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The product ~l * T2 is ~ot so easily dealt with. It is true 

that where the measuring tube is sufficiently long, the errors 

due to the above delays a:t,"e so small as to be ignored. 

However for more co:inpact designs, th1$ error becomes more 

pronounced. If accuracy to a few percent is tolerable, then 

even with compact desiqns 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. 

Tql and Tg2 ·are the actual measured transmit times including 

the error effects described • 

. That Tl* T2 = (Tgl - Tsl - Tel) * (Tq2 - Ts2 - Tc2) •••• (2) 

is unhelpful if the values of Ts (system and transducer delay) 

and Tc {channel or multimode propaqation delay) are unable to 

be actually measured individually. 

However by employing the calibration steps using the auxiliary 

tra.nsduc:e:r it is possible to determine the value of Tl * T2 

because 

T1 * T2 is approx. -= T2 :c L2 ;c2 ............... (3) 

where c is the term relating to the speed of sound ~easurement 

· for a given fluid, and V is small in relation to c as is the 

case in practice and T is the value of T1 (or T2) when V is 

zero ie when V = /J, T1 ;;; T2 :;:::; T. 
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The speed of sound c of a signal in a medium is qiven by 

C • D 

T 

••••••••••••• (4). 

where O is the distance travelled by the signal and T is the 

time for which the siqnaltravels. 

In the case of the single and double reflection examples above 

with respect to the third transducer the real time to travel 

the distance 2Lx in the case of the sinqle reflection is 

Tp(2Lx), whereas in the case of a double ref1eotion, the real 

time to travel the distance 4Lz is ~P(4LX:) where 'real time• 

is the actual time the siqnal spends in the fluid. 

Tp(2Lx) = Tx.1 Tsx ••••••••••••••• (5) 

TP ( 4Lx) ""' Tx2 Tsx .. • • • • • .. • • • • • • • • (6) 

where Tx1 is the measured transit time to travel the distance 

2Lx, Tx2 is the time to travel the distance 4Lx and Tsx is the 

transducer system time delay error _for this transducer which 

error is similar to the Tst and Ts2 errors for the main 

transducers. 

Tsx can .be eliminated by subtracting Tx2 from Tx1 as previously 

described for the main transducers and thus using equation (4) 

we have -

c - 41.x..:. 2Lx •••••••••••••••••• (7l 
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• • • • • • • • • • • • • • • • • • ( 8) 

~ - Tx1 

and finally c2 == C2Lxl 2 . . . . . . . . . . . . . . . . . . (9) 

[TXz - Tx,]2 

we shall·return to equation (9) shortly. 

By employing the third transducer with its own measurement 

chamber or paths and by sendinq a signal in a controlled 

manner thereto, it is possible to eliminate the value of Tl * 

T2 because we have determined in e~ation (9) that 

c2 = (2Lx/ [Tx2 - Txli) 2 and hence substituting eC':[uation (9) in 

equation (3) to eliminate C we have 

Tl * T2 .,. [i'x2 - TX1] 2 * L2/4JM!. • • • • • • • • • • • • • • • • ( 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 4Lx). A distance 

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

back (i.e. a distance 2Lx) qives the time value Txl. 

L is the distance of the path in the main transducer 

measurement chal'Pber 40 of Figure 3. 

lf we now insert equation (l.O) into equation (1) we can 

eliminate T1 *· 'I'z and therefore the associated. system and 
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transducer delays and thus we obtain 

V = ~ x ~ - T1) 4Lx2 
.............. t • • • ( 11) 

2 CTXz - Tx1) 2 • L 2 

and finally 

V = 3~2~1 > Lx2 • . . . . . ... . . • . . . . • . • • • . . • ( 12) 

L. (Tx2 - Txl) 2 

The calibration system is arranged to have time windows to 

receive the va~ious 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 th~ calculation at regular intervals, the speed of 

sound values for any given fluid passing through the system 

can be accommodated. So fluids which may chanqa 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. ·usinq the above arrangement, accuracy 

to within 0.5% has been achieved. 

The operation of the system is shown in Figure 7. In this 

simplified diaqram, 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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transmit a siq.nal 'burst and after this has passed through the 

tube 40 of Figure 3, it is received by transducers 37 which 

passes the signal via the block 6G to the processor/control 61 

(typically a microprocessor). The travel tilne taken for the 

ultrasonic signal will depend on the distance L and the speed 

of the qas. A phase reversal marker can be provided on the 

si9nal 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 diffe~ence in 

time relates to the 9as flow rate. 

To calibrate, a transmitter/reoei~er block 64 also typically 

usinq a signal with the phase reversal marker is utilised. 

periodically to energise the transducer 56. The utilisation 

could be every 20 seconds (as aqainst the main transd~cer 

measurements for example occurrinq 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 reflecti~ns) 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/9ontrol 61 to 

calculate values used in the volu~e detennination. Thus the 

Ineasurement effectively . elilninates the unknowns includinq 

system (ie electronics and multimode effects) and transducer 
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transducer makes this possible. As the distance L between the 

main transducers is known, the necessary values can be 

calculated and volume and usaqe 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 Fisure 7. 
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1. Apparatus for measuring the flow of a. fluid, ·comprising; 

a duct with an inlet and outlet for the fluid; 

a measuring tube within the duat; 

first and second transducers disposed in the duct to define an 

acoustic path throuqb the measurinq tube; 

switohinq means for allowinq each transducer to be u11ed for 

either transmission or reception of a signal used to measure the 

speed of the fluid thrauqh t~e measuring tube; and 

correction means for s\1bstantially elillinating transducer delay 

errors to ensure the accuracy of the fluid speed measurement. · 

2. Apparatus as claimed in claim. 1, wherein the correction 

means is conf iqtll:'ed to measure the time for a transmitted siqnal 

to pass alonq two paths of known length. 

3. Apparatus as claimed in claim 2, wherein each path includes 

at least orie reflective surface to cause said signal to return 
• 

to the origination point at least once. 

4.. Apparatus as claimed in claim 2 or 3, wherein the correotion 

maans includes an ultrasonic transd.uoer for trans:mittinq. the 

signal down the two paths. 

I 

\ 
i 

" 
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5. Apparatus as claimed in claim 4, wherein the transducer is 

provided in addition to the first and second transducers. 

6. Apparatus as claimed in claim 4 or 5 1 wherein the transducer 

is provided with acoustic paths .separate. to that within the 

measuring tube. 

7. Apparatus as claimed in claim 6, wherein the acoustic paths 

are provided within a cpamber 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 cl.ai:ro 7, wherein . the chamber 

includes a reflective surface at the end remote from the 

transducer., 

9. Apparatus as claimed in claim 6, wherein 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. 

10. Apparatus as claimed in claim 7, s or 9, includinq 

computation means for providing 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. 
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11. Apparatus as olaimed in claim 10, Wherein the computation 

means is oonf !gured to determine appropriate time windows for 

reception of a signal ·to avoid detection of unwanted reflected 

signals.· 

12. .Apparatus as claimed in claims 10 or 11, wherein 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 s, wherein the chamber 

is provided within the duct in a position parallel to the 

measuring tube. 

14. Apparatus as clainied in claim 13, wherein the chamber and 

the measuring tube each have first and second porti_ons contained 

within separated portions or 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 siqnal from a first transducer through the flow 

path of the fluid for receipt by a second transducer; 

switchinq the transducers to allow transmission to be effected 

by the second transducer for receipt by the first transducer; 

determining the speed ot f ~ow of the fluid from the transduce~ 

signal transmission ti.JDes; and 

eff ectin9 a correction measurement for removinq transduoer delay 

errors to ensure the accuracy of the fluid speed measurement. 
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16. A method as claimed in claim 15, wherein the correction step 

is effected by measuring the time for a transmitted signal to 

-pass down two paths of known lenqth. 

17. A method .as claimed in claims 15 or 16, wherein a third 

transducer provides the signal paths separate to those from the 

first and second transducers. 

18. A method as o1aimed in claims 15, 16 or 17, including 

reflecting the signal from at least one reflective surface to 

return the siqnal to its origination point. 

19. A method as claimed in claim 18, including computing a. 

calibration· correction value dependent on the difference in times 

for a signal to pass from the. transducer to at least one 

reflective surface on more than one journey.· 

20. A method as claimed in claim 19, wherein the computing- step 

~naludes providing an appropriate ti•e window for reception of 

a siqnal to avoid detection of unwanted reflected signals. 

21. Apparatus for measuring the flow of a fluid, comprising; 

a duct with an inlet and outlet for the fluid; 

a measurinq tube within the duct; 

first and second transducer means disposed in the duct to define 

an acoustic path throuqh the measuring tube; 

switohinqmeans for allowing eaoh transducer means to be used for 

either transmission or reception of· a signal used to ~easure the 
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speed of the fluid throuqh the measuring tube; and 

third transducer means for providinq a periodic correction 

measurement by determininq the time for a ti:ans•itted siqnal 

therefrom t() pass down two paths of known length tor calibration 

purposes to ensure the accuracy of the fluid speed measurement 

effected by the first and second transduce~ aeans. 

22. Apparatus as claimed in claim 21, wherein ·the third 

transducer means includ~s at least one reflective surface 

associated therewith to provide two paths· of dissimilar overall 

lenqth. 

23. A method for measurinq the. flow .through a duct, said method 

comprising; 

transmittinq 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; 

determininq the speed of flow of the fluid from the transducer 

signal transmission times; and 

periodically effectinq a correction measurement by utilisin9 a 

third transducer for determining the time for a transmitted 

siqnal therefrom to pass down two paths of known length for 

calibration purposes· to ensure accuracy ot the fluid speed 

measurement effected by the first and second transducers. 

24. A method as claillled in claim 23, wherein the correction. step 

is effected by utilisinq ·at least one reflective surface to 
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provide two paths of dissimilar overall length. 

25. A device for measuring the speed of soun.4 in a fluid, 

comprising: 

a first transducer; 

means defininq a first siqnal path for said first transducer; 

~eans defining a second signal path for said first transducer; 

means for translllitting a si9nal from said first transducer along 

said first and second path~~ 

means for receiving the signal from said first and second paths; 

and. 

· means for determining the difference in time taken for the signal 

to travel said paths to provide speed of sound information 

independent of transducer delay. 

26. A device as claimed in claim 25, wherein the means for 

receiving the siqnal from the first and second paths comprises 

the first transducer, and reflection means are provided to return 

the siqnal along the first and second signal paths. 

27. A device as claimed in claim 26, wherein .the reflection 

means are shared by the first and second paths and aonf igured to 

cause the signal to return to the first transducer at least once 

to define two paths of dissi•ilar lenqth. 

28. A device as claimed in olaiJns 26 or 27, wherein computation 

:nieans ar• provided to detennine appropriate tiJDe windows for 

reception of the'signal to avoid detection of unwanted reflected 
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29. A method for measurinq the spee4 of sound in a flui4, 

comprising: 

transmitting a signal froia a first transducer along a first 

signal path; 

transmitting a signal from said first transducer alonq a second 

signal path; 

receiving the siqnal from t~e first and second siqnal pa~s; and 

determining the difference in t.ime t.aken for the siqnals to 

travel said paths to provide speed of sound information 

independent of transducer delay. 

30. A lllethod as claimed in claim 29,· wherein the receivinq step 

is effected by utilising the first transducer and at least one 

reflection of the signal utilisinq a reflective surface is 

efrected to return the signal to its origination point. 

31- A method as claimed in claim 30, wherein the signal is 

reflected to return tha signal to the f i:rst transducer at least 

once'to define two paths of dissimilar lenqth. 

32. A method as claimed in claims JO or 31, includinq 

determininq appropriate time windows for reception of the siqnal 

to avoid detection of unwanted reflected signals. 

33. Apparatus for aeasurinq the flow of a fluid, suJ:>stantially 

as described herein with reference to the accompanyinq drawinqs. 

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

substantially as described herein. 

35. A device for removinq transducer delay errors in ultrasonic 

flow meters, substantially as described herein with refe~ence to 

the aooompanyinq drawings. 

36. A method for removinq transducer errors in ultrasonic flow 

meters, substantially as described herein. 


