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MODE SUPPRESSION IN FLUID FLOW MEASUREMENT 
Field of Invention 

ihe present invention relates to ultrasonic flow meters and in 
particular, to a method by which errors In measurement caused by hlgh 

5 order acoustic modes aremlnlmised. 
Background to the Invention 

It is known to measure the velocity of fluid flow In a duct by 
transmitting acoustic signals through the duct and measuring the time 
of propagation of the signals along the duct .. For a known distance, 

10 the velocity can be calculated. Generally, measurements are taken 1n 
both d1rect1ons along the duct to provide for Increased accuracy of the 
result. 

However, when a pulsed acoustic signal is propagated within a 
·-·duct, the acoustic wave packet breaks into a number of transition modes 

15 each having a frequency corresponding to the transmitting frequency but 
having a difference phase whereby at different points along the duct, 
each mode has Its own set of null points at which the amplitude of the 
mode wave is zero. Also, the different modes have different acoust1c 
velocities. 

20 In order to obtain flow measurements, the acoustic wave must be 
received by a transducer or like apparatus arranged at some point 
within the duct. ihe receive transducer however does not receive a 
single pulse of acoustic energy as was transmitted, but however, it 
receives the various modes each having a different energy level and 

25 being received at diff~rent times. Depending on the energy level of 
the received si~nal, it will be apparent that errors arise in 
determining a point in time in which a particular wave packet is 
received and hence a flow measurement can be determined. Because of 
this, the errors are carried over to the resulting flow velocity 

30 calculation. 
It is an object of the present invention to substantially 

overcome or ameliorate, the abovementioned probiems through provision 
of a method by which flow velocity errors can be substantially reduced. 

Disclosure of the Invention 
35 In accordance with a first embodiment of the present invention 

there is disclosed a method for measuring time of flight of a plurality 
of acoustic wave packets between two iocations in a fluid having at 
least one acousticaliy refiective surface in the path of said packets, 
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Ca>· transmlttlng at least one acoustic wave packet, havlng a 
flrst phase, between the locations and measuring time of fllght 
thereof; and 

5 Cb> transmitting an acoustlc wave packet having a phase inverted 
with respect to the lmmed1ately precedlng packet or having an inverted 
polarity with respect to the immediately preceding packet to 
substantially reduce the effects of high order acoustic modes on the 
lmmediately precedlng wave packet<s> having the first phase and/or 

10 lmmediately followlng wave packet<s> havlng the first phase, and 
measuring a time of flight thereof. 

Generally, the extremlties of the path are deflned by a duct for 
carrying the fluid, and preferably ls a conduit. 

Advantageously, steps <a> and Cb> are repeated a plurality of 
15 times Ceg 1 to 106, typically 32 to 64) and an average tlme of flight 

may be calculated which can then be utillsed for determining parameters 
related to the fluid medium such as fluid flow rate, for example. 

Generally, the high order modes of the inverted wave packet act 
to annul the high order modes of succeeding wave packets. 

20 Typically, the acoustic wave packets are transmitted between two 
or more transducers which are typically ultrasonic transducers, and the 
transmission of succesive wave packets is initiated immediately on 
reception of an acoustic wave packet by one of the transducers. 

In accordance with a second embodiment of the present invention 
25 there is disclosed a method for determining fluid flow velocity in a 

duct in which ffrst and second acoustic transducers are spaced by a 
predetermined distance within said duct, the method comprising the 
steps of: 

(1) transmitting an acoustic wave packet (having a first phase) 
30 from said first transducer to said second transducer; 

<2> detecting said acoustic wave packet at said second 
transducer and recording a time of travel of said acoustic wave packet 
between said transducers; 

(3) performing steps Cl> and <2> i time? Ci = 1, 2, 3, .... ) 
35 whereby successive transmissions are initiated upon the detection of 

the immed1ateiy preceding acoustic wave packet; 
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(4) performing steps (1) and <2> by transmitting an acoustic wave 

packet having a <second> phase or polarity inverted with respect to 

said first phase; 
CS> performing steps en to (4) j times Cj • 1, 2, 3, .... >; 

5 C6> performing steps Cl) to CS> except however by transmitting 

from said second transducer and detecting at said first transducer; and 

C7> summing the times of travel in each direction, and, for the 

number Cn> of transmissions in each direction Cn • ij), determining an 

average time of travel In each direction to enable the calculati~n 

10 therefrom of the fluid flow velocity using said predetermined distance. 

In accordance with a third embodiment of the present invention 

there is disclosed apparatus for determining the fiow velocity of a 

fluid, said apparatus comprising: 

two acoustic transducers separated by a predetermined distance 

i5 within said fluid and arranged to transmit and receive acoustic energy 

between each other, there being at least one acoustically reflective 

surface between said transducers; 
controls means outputting a first signal to Initiate transmission 

of an acoustic wave packet between said transducers; 

20 transmitter means enabled by said.first signal and connected to 

one of said transducers for energising said one transducer to emit an 

acoustic wave packet; 
receiver means connected to the other said transducer for 

receiving said acoustic wave packet and to provide a second signai 

ZS corresponding to the reception of said wave packet; 

timer _JTieans connected to said first signal for starting ·a clock 

that times the propagation of said wave packet along said duct between 

said transducers and connected to said sec?nd signal for stopping said 

clock; 

30 wherein said second signal futher inputs to said control means to 

immediately cause the emission of a further said first signal so as tc 

cause a sequential emission of a series of said wave packets, said 

control means also outputting to said transmitter means an inversion 

signal concurrent with one of a predetermined number of said first 

35 signals, said inversion signal causing· said transmitter means and said 

one transducer to output an acoustic wave packet inverted with respect 

to the immediately preceding wave P.acket, the times recorded by said 

111111n1i11H1r 
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timer means being stored and subsequently averaged for the calculation 
of a fluid flow velocity using said predetermined distance by said 
control means. · 

Most preferably, an 1nverted acoustic wave packet is transm1tted 

5 after the transmission of three wave packets having like phase. The 
fluid can be a gas or a liquid, or both. 

Brief Description of the Drawings 
A preferred embodiment of the present invent1on will now be 

described with reference to the drawings in which: 
10 Fig. l shows a simplified arrangement for measuring fluid·· 

velocity; 
Fig. 2A shows the propagation of a primary or basic mode with a 

duct; 
Fig. 25 shows the propagation of the first high order mode <the 

15 "02" mode) within the duct; 
Fig. 3 1s a tabulature representation of a prior art transmission 

arrangement showing various modal types and which results 1n 

significant errors; 
Fig. 4 is a tabulature representation of a transmission 

20 arrangement of the preferred embodiment showing various modal types 
which result in substantially reduced errors; 

25 

30 

Fig. SA shows a simple phase inversion circuit; 

Fig. 58 shows a pulse train of the preferred embodiment for 
driving a tranducer; 

Fig. 6 is a plot of the error associated with the prior art 
method; 

Fig. 7 is a plot of the error associated with the method of the 
preferred embodiment; and 

Fig. 8 shows an embodiment of the electronic module of Fig. l. 
Best of Other Modes of the Performino the Invention 

Fig. l shows a simple arrangement for the measurement of fluid 
velocity. Two acoustic transducers 1 and 2 face each other within a 
fluid carrying duct 3 and ar'? separated by a known distance X· An 

electronics module 4 connects to ~he transducers l ,2 and provides 
35 signal drive for transmission, signal detection and reception, memory 

storage and velocity calculation. The arro~ indicates the direction of 
fluid flow, in this case from transducer l to transducer 2. 
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It is possible to measure the veloc1ty of the fluid flowing in 

the duct 3 ·by the measurement of the two transit times of an acoustic 
signal propagating in tur~ in the direction of flow <1 to 2) and in the 
direction opposed to the flow CZ to 1}. The velocities of travel of 

S these signals are affected by the velocity of the medium in the simple 

manner of addition i.e. 

where vs is the viiiocity of the signal, c is the acoustic velocity in 

the medium when it is stationary and vf is the velocity of the 

10 medium. When the signal is propagating in the ·direction of the flow 

the positive sign is used and when it is propagating in the opposing 
direction the negative sign is used. Thus 

= C + V.:: 
I 

c - v ~ 
i 

15 It is then possible to wr1te the times.of travel 't and 't of 
+ 

the signal as 

x x 
't 

+ 
v C+V.:: 

S+ I 

20 x x 
't = 

vs- C-V.:: 
I 

where 'V is the distance the signal travels. Then, ... 

·~ 
1. 

25 V.:: 
I 

( 1) 

(2} 

(3) 

(4) 

(5} 

::. .. 't ( 6) 
+ 

In the measurement of these transit ti"mes it is convenient to 
employ a techniove known as the rin~-around or sing-around method. In 
this technique w;:.:n a pulse is detected another is immediately 
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launched. This has the operational advantage that the measurement of 
the time of travel of a signal is made eas1er because a larger time 
1nterval correspond1ng to a large number of traversals of a pulse can 
be measured instead of the time for just one traversal. The number of 

~ traversals must of course also be measured but this ls easily done. 
The value of 

't .. tin (7) 

) 

't can then be taken as where t Is th~ time interval for n tiaversals. 
Hhen acoustic waves propagate in a duct they may do so in a 

10 number of modes. These modes may be thought of as corresponding to 
soiutions for the appropriate wave equations in a duct and lt is from 
the mathematical characterisation of these solutions that the modes may 
be distinguished, e.g. 0,0 or 1,3. Aiternatively, the modes may be 
thought of as propagating through the duct by reflections from the 

15 walls. A mode which passes straight through without reflection from 
the walls is behaving much the same as an unconfined wave and is cailed 
either the basic, primary or plane wave mode. Other modes are 
reflected one or more times. The pair of numbers given to each mode. 
may, in the case of a rectangular cross-section duct, be thought of as 

20 the number of reflections from each of the parallel walls but similar 
though conceptually more abstract considerations apply to ducts of 
other cross- section. About 50~ of the acoustic energy resides in the 
basic mode, with the remainder in the higher modes·. Most of the energy 
in the higher modes resides in the 0,2 mode .. Unless steps are taken to 

25 attenuate the higher transmission modes, unwanted acoustic energy 
bu~lds up.Jn the measurement tube, causing distortion of the waveform 

_and making impossible the correct determination of travel time. 
Experimentation has shown that it is the ratio of the length 

<x> and the diameter <co> of the duct 3 in rig. 1 that is 
30 significant to the amount of energy imparted into the high order 

modes. For a small diameter C•). the dispersion of the transmitted 
wave causes much energy to be reflected from the walls of the duct~ at 
relatively wide angles. This results in multi',:-path propagation along 

~ .. 
the duct ::. Hhere the ratio xtm is smaii. 'high order modes do not 

35 tend to propagate due to relativel~ small angle reflections in the 
vicinity cf the transmitting transducer. However, confiicting with 
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this otherwise des i rab 1 e phenomena is the -fact that lt is pract1ca11 y 

very d1fficult to obtain accurate flow measurements at low flow 

velocities when xtoo is small. Such is the case for measuring pilot 
flow in gas reticulation systems. 

5 Fig. 2A shows a representation of the basic mode and Fig. 26 that 

the 0,2 mode. Higher order modes are not shown as they_ are complex. 
However, these modes do not propagate with the same velocity, but 1t 
can be shown that the plane wave mode travels faster than the others 

which causes a difficulty 1n t~e application of the ring-around 
10 technique. A mode which travels at half the velocity of the plane wave 

mode will arrive at the same time as the plane wave mode that was 

launched one sing-around period after 1t was generated. One trave111ng 
at one third the velocity will arrive coincident with the plane wave 

mode launched two periods after it began, and so on for other modes. 

15 The modes travelling at velocities which are not integral sub-multipies 

of the plane wave mode velocity will arrive at times other than when 

the plane wave Is arriving at the receiver. 
· The arrival of the integral submultipl.e modes up to the mode of 

one quarter the velocity of the plane wave mode is shown in Fig. 3 for 
20 various successive periods of the ring-around, which are denoted by A, 

B, C, etc. 
The position of the signal is shown by an arrow and the number at the 

head of the arrow indicates its Integral relationship with the plane 
wave mode velocity so that 3 represents a wave of one third P.lane wave 

25 velocity. The letter at the base of the atrow gives the ring-around 
period in which it was generated. 

The principle of superposition says that the effect of these 

modes ___ at the receiver transducer is the sum of their individual 

effects. This means that when the electronics module 4 is operating 
30 for the detection of the time of arrival of the plane wave, that when 

the plane wave and one or more other mode:; arrive together there will 
be an effect on the operation of the electronics module 4 in that tt 

will indicate a time of arrival diffe1·ent f1·om that of the plane wave. 

This in itself may not necessarily cauie a serious detriment in 

35 performance but when the fluid medium is moving at varying velocities 

then the modes will be affected by this motion in different proportions 
so that their combined effect by ~uperposition at the receiver will be 
different and a different time of travel will be indicated by the 
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detector. This difference of time ·of travel from the plane wave mode 
time will thus be some function of velocity. Since the time of travel 
of the plane wave mode <or another part1cuiar mode) depends on vf' as. 
shown by equations (4) and CS>, any two modes of different values of c 

5 which have certain phase relationship at the receiver transducer at one 
flow rate will have a different one at another flow rate. 

These complex dependencies will be evidenced as errors 1n the 
value of vf as measured by the method of time interval measurement 
using equation (6). It 1s therefor necessary for accurate measurements 

10 or very considerably reduce this error. 
Signals with which the transducers 1,2 are excited are generally 

oscillatory with no zero offset, unless introduced by the electronics. 
Also, they are not of constant amplitude since to obtain a particular 
time reference point from them requires some sort of pulse behaviour. 

15 The received signal may be expressed as a function of time, F(t) 
and for timing purposes a particular characteristic of the signal must 
be taken to give the instant of reception. Frequently this is a zero 
crossing i.e. one of the solutions T to the equation 

20 so that 
F<:> 
F(-:) 

0 

0. 

(8) 

(9) 

25 

Hhen a perturbing signal is present in the form of a siower 
veioci'i:y mode the, representing the mode by f<t>. by the principie of 
superposition the received signal will be F<t> + f(t) and the zero 
crossing will be th~ solution to the equation 

FCt> + f(t) = 0 ( 10) 

which, in general, will not be equal to T. 

However, the transmitted signal in p0sitive or inverted form, and 
as such, the received signal will be F<t> or -F<t>. Also the 
perturbing signal generated at the same time. but not received at the 

30 same time, will be f(t) or -f(t). Thus four possibie signals couid be 
received, viz 
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+ F(t) + f(t) 
- F(t) - f(t) 
+ FCt> - fCt> 

(\V) - F{t) + f(t) 

J 

J 
j <11) 

. 5 The particular zero crossing for the unperturbed s1gnal will be shifted 
in time due to the presence of the perturbing signal fCt>. The time of 
the zero cross\ng w\11 be the appropriate solution of the four 
equations formed by equating to zero each of the above expressions <I> 
to Civ>. Equations <1> and <11) have the same solution as do <1il) and 

10 <iv). 5y calling these solutions t 1 and t 2 they may be expressed 

15 

25 

where o~, and &t2 ate the small changes in~ caused by the 
small perturbation f(t). Then <1> and <ii) give 

F<• + &t1> + f('t + &:1> = 0. 

An approximate Tayior expansion of this gives 

-f ('t) 

F'(t) + f'<•> 

Similarly 

f c-.) 

&t_2 
F'(-r) - f'(t) 

<12) 

(i3) 

(j4) 

(15) 

( 16) 

( i 7) 
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When f(t) 1s near a maximum value 1t w111 generally be true that f'Ct} 
is small. Remembering that F('r) • 0, which 1mplies that F'C't).1s 
near a maximum value~ then 

F' ('t) >> f' ('t) 

so that to a good approx1mat1on, 

-f('t) 

o-.:1 = 
F'(t) 

and 

-f('i:) 

&tl = --= -&c,. 
FI ('t) 

If there are two perturbing signals fA an~ !s then the change in 
timing &rAB is, by the above, given by 

F'('t) 

ihi s is the sum of the two changes separately produced- by f A and 

Cl 8) 

(19) 

(20) 

(21) 

f 8. This means that when there a.re se~eral perturbing signals.acting 
20 together It is possible to consider their effects separately and add 

these to obtain the total effect, i.e. 

(22) 

The results of equations C20> and C22) form the basis of the method of 
cancellation of perturbing signals cogenerated with the desired 

25 signal. Accordingly, by inverting a ringaround pulse, it is possible 
to substantially reduce the error caused by the reception of high order 
modes. 
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Fig. 4 shows a table similar to Flg.·3 of the distribution of 

modes when one transmission in four ls inverted <shown by an inverted· 

arrow>. 
Consider the receptions at 4"t, 5"t, 6"t and 7"t.. The 

5 interaction of the main signal with the half-speed mode is given by 

three of the possible four types of interaction (called. Ci) to (iv> 

previously>. The fi.rst is type <Iv), the second type (111>, the third 

type Cl> and the fourth type Cl>. As stated before Clil) and <Iv> have 

the same timing error which is equal but opposite to that for Ci). 

10 Hence taken together, the timing errors due to the half-speed mode 

cancel. 
The interaction of the one third-speed mode with the main signal 

is of types Civ), (1), C1i1> and (1). These a·lso cancel. The 

quarter-speed mode yields types Clv), (1), Cl) and (ill) which again 

i 5 ca.nee l. 
The sequence +l, +l, +l, -1 of transmissions <where +l represents 

normal and -1 inverted) is repeated during the ringaround technique and 

an analysis of higher order modes reveals that the timing perturbations 

of all are cancelled except the 1/5. 1(9, ... l/C4n+1) speed modes. The 

20 amplitudes of modes above the one· quarter speed are not very large and 

so this represents no a great deficiency to the results obtained. 

Other combinations of normal and inverted transmissions may 

produce cancellations in a manner similar to that indicated by the +1, 

+i, +l, -1 transmission. However, for complete cancellation a sequence 

25 of an even number of transmissions is needed. Thus there is no 

sequence of five transmissions which produces cancellation of all modal 

perturbations-to the fifth. It can also be shown that no sequence of 

six pulses exists which produces cancellation to the sixth, or to the 

fifth. A sequence of seven being an odd number cannot produce complete 

30 cancellation. A sequence of eight transmissions obtained by repeating 

the sequence +1, +l, +l, -1 will cancel modal perturbations of 1/2, 

1/3, 1/4, 1/6, 1/7 and 1/8 speed, that is. all except the 1/5 speed. 

There are seouences which cancel the errors due to the 1/5 speed mode 

bu: these all fail to cancel a lower order mode. These could be useful 

35 depending on the magnitudes of the various modes. 

The inverted transmissions may be generated by any suitable 

technique. A s~heme which is suitable for certain situations is given 

in i='ig. -· ,:,-, . Here the inversion is ·obtained by causing an operationai 



·\ 

WO 93/00SiO PCT/AU92/00315 

- 12 -

amplifier 10 to have a gain of 1 ·or -1 as requ1red. Resistors Rl, R2 
and R3 each have the same value and the Inversion Signal causes a field 
effect transistor 12 to vary its resistance from high to low. There 
are many other ways In which this may be done. 

5 ihe generation of a pulse sequence to switch this circuit from 
normal to inverted will in detail depend on the exact sequence chosen. 
For the sequence of +l, +l, +l, -1 a simple divider circuit is ail that 
is needed. 

ihe preferred embodiment excites the transmitting transducer Cl 
10 or 2) with a series of pulses, one such series being shown in Fig'. SB. 

Fig. 56 shows four sets of ringaround pulse bursts 20, 22, 24 and 26 in 
one series with the commencement of the next series, denoted by 
ringaround pulse burst 28. Each pulse burst (20,22,24,26,28) has 
puises to form a singie acoustic wave packet comprising a plane wave 

15 mode and higher order modes. The bursts 20 and 22 each include three 
distinct pulses which provide a single acoustic wave packet having a 
basic mode and higher order modes. 

ihe preferred embodiment· is specifically adapted to use where 
only a unipolar power supply is availab_le, such as in battery powered 

20 applications. In order to obtain an inverted wave packet, the signai 
is left high, as indicated at 30, whereby burst 24 includes only two 
and a half pulses. The third burst 26 is thereby initiated by a 
negative going transition 32, as opposed by the positive transition of 
the other bursts. Hence the wave packet associated with that burst is 

25 inverted, or has its phase shifted by 180°. Also, like Its preceding 
packet, it is formed by a burst of two and a half pulses. 

It may be necessary to invert the. received signal when the main 
signal arrives inverted to preserve the quality of the timing pulse 
derived from it. A circuit similar to that. of Fig. SA can also be used 

30 for this purpose. 
A gas velocity meter using the tr~nsit times upstream and 

downstream for measurement of the velocity has been constructed and is 
the subject of Australian Patent Application No.· PK6891 filed 
concurrentiy herewith by the same applicants, and uses the ringaround 

35 technique to obtain suitably longer time intervals for convenient 
measurement. The results of a calibration of this device are shown in 
Fig. 6 where the deviations of the measured velocity from the straight 
line cf best fit are shown. These clearly show acyclic variation. 
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Hhen the correction techniques of the preferred embodiment were applied 
to the preferred embodiment of the meter of Australian Patent 
App11cat1on No. PK 6891, the result shown 1n Fig. 7 was obtained which 
shows a very considerable improvement in the deviations from the line 

5 of best fit. The results of Fig. 7 were obtained by inverting every 
4th transmit signal with detection being made on the zero crossing on 
the falling edge of the 3rd peak, 175 mm transducer separation, 14 mm 
bore, three pulses per burst at 115 kHz using natural gas at room 
temperature. 

10 Accordingly, the technique of transmission of inverted sign·a1s 
and non-inverted signals in specific sequences can improve the timing 
accuracy of acoustic signals in ducts. This is particularly useful in 
the measurement of transit times by the ring-around technique. The 

: transit times upstream and downstream may be used for the measurement 
15 of the fluid velocity. 

The mode suppresion techniques described above can be implemented 
in a variety of ways, one such way being shown in block diagram form in 
Fig. 8. Here, the electronics moduie 4 includes a control unit 20 which 
is generally a micrprocessor based devi~e. A·transmitter 23 and 

20 receiver 24 are provided to enabie transmission and reception of 
acoustic signals from the transducers 1 and 2, shown in Fig.1. The 
transmitter 23 and receiver 24 connect to the transducers 1,2 via a 
switching device 25 whtch, under.control of the control deive 20 via 
connection 25, acts to switch the direction of acoustic transmission 

25 from transducer 1 to 2, to, transducer 2 to i. 

A memory device 21 and timer 22 connect to the control device 20 
via a bus 28. i'fle timer 22 also receives a START signal, via line 29, 
from the control device ZO which is similariy connected to the 
transmitter 23 to initiate the transmission of an acoustic wave 

30 packet. On reception of the wave packet, the receiver 24 outputs a 
STOP signal via line 30 to the timer ZZ and the control device 20. 

The STOP signal acts firstly to transfer a time value, 
corresponding to the time of flight of the wave packet through the duct 
3, to the memory 21, and secondly to inform the control device 20 that 

35 the next ringaround pulse should be transmi~ted. 

After the transmission cf a predetermined number of ringaround 
puises, for example 64, the time of.flight vaiues can then be averaged 
mathematically by the control cie\lice 20 and a value for flow veiocity 
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calculated using the known value of the length x of the duct 3, which 
ls preprogrammed 1n memory 21. The calculated value of flow velocity 
can be further averaged by reversing the direction of propagation by 
actuating the switch 25. 

5 A further connection 31 from the control dev1ce 20 to the 
transmitter 23 provides an 1nvers1on enable s1gnal which causes the 
transmitter 23 to emit a wave packet that is inverted. A circuit such 
as that shown in Fig. SA can be included in the transmitter for such a 
purpose. Most preferably the connection 31 is enabled with every 

10 fourth in1tiat1on provided by connection 29. Generally, 1n a · ·' 
ringaround sequence of four packets, it is preferred that the th1rd 
packet is inverted, such as shown in F1g. SB. 

The foregoing describes only one emdbod1ment of the present 
invention and modifications, obvious to those skilled in the art, can 

15 be made thereto without departing from the scope of the present 
invention. 

For exampie, the disclosed method is also useful in the 
measurement of a ship's speed through water where the ship's hull 
comprises a single reflective surface ~hich may cause high-order m~de 

20 propagation. 
industrial Applicabllitv 

The present invention is applicable to the reduction of errors in 
fluid flow measurement and to gas velocity measurement in particuia~. 
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CLAIMS: 

·1. A method for measuring time of flight of a plurality of 
acoustic wave packets between two locations 1n a fluid having at least 
one acoustically reflective surface in the path of sa\d packets, said 

5 method comprising the steps of: 
ca> transmitting at least one acoustic wave packet, having a 

first phase, between the locations and measuring time of flight 
thereof; and 

Cb) transmitting an acoustic wave packet having a phase inverted 
10 with respect to the immediately preceding packet or having an Inverted 

polarity with respect to the immediately preceding packet to 
substantially reduce the effects of high order acoustic modes on the 
Immediately preceding wave packet<s> having the first phase and/or 

15 

20 

25 

Jmmed1ately fol lowing wave pack.et<s> having the first phase, and 
measuring a t1me of flight thereof. 

2. A method as claimed In claim 1 wherein said path has 
extremities defined by a duct for carrying sa1d fluid. 

. A method as claimed in claim 2 wherein said duct is a 
conduit. 

4. A method as claimed in claim 1 wherein steps Ca) and (b) are 
repeated a plurality of times and an average time of fl I ght is 
calculated. 

5. A method as claimed in claim 4 wherein steps Ca> and (b) -~., 
C.• ~ 

repeated between one and 106 times. 
6. A method as cla1med in claim S wherein steps {a) and Cb) aie 

repeated between 31 and 65 times. 
i. A method as claimed in claim 1 wherein step Ca> comprises 

the transmission of three acoustic wave packets, and step Cb} comprises 
the transmission of a single acoustic wave packet. 

30 S. A method as claimed in claim 1 wherein at each said location 
there 1s arranged a transducer for the transmission and/or reception of 
said wave packets, in which the transmission of successive wave packets 
is initiated immediately upon reception of a wave packet by one of said 
transducers. 

35 9. A method for determining fluid flow velocity in a duct in 
which first and second acoustic transducers are spaced by a 
predetermined distance within said du_ct, the method comprising the 
steps of: 
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Cl> transmitting an acoustic wave packet <having a first phase> 
from said first transducer to said second transducer: 

(2) detecting said acoustic wave packet at said second 
transducer and recording a time of travel of said acoustic wave packet 

5 between said transducers: 
C3) performing steps Cl> and {2) I times Cl = 1, 2, 3, .... > 

whereby successive transmissions are Initiated upon the detection of 
the Immediately preceding acoustic wave packet; 

(4) performing steps Cl) and <2> by transmitting an acoustic wave 
10 packet having a <second> phase or polarity Inverted with respect to 

said first phase; 
<5> performing steps (l) to <4> j times Cj .. 1, 2, 3, .... >; 
<6> performing steps Cl> to CS> except however by transmitting 

from said second transducer and detecting at said first transducer; and 
ls·· (7) summing the times of travel in each direction, and, for the 

number <n> of transmissions in each direction en .. ij), determining an 
average time of travel in each direction to enable the calculation 
therefrom of the fluid flow velocity using said predetermined distance. 

10. A method as claimed in claim_9 wherein 1 Is three (3). 
20 il. A method as claimed in claim 9 wherein j is sixty four (64). 

12. A method as claimed in claim 2 or 9 wherein said fluid is 
gas and said duct forms part of a gas reticulation system. 

13. Apparatus for determining the flow velocity of a fluid, said 
apparatus comprising: 

25 two acoustic transducers separated by a predetermined distance 
within said fluid and arranged to transmit and receive acoustic energy 
between each other, there being at least one acoustically reflective 
surface between said transducers; 

controls means outputting a first signal to initiate transmission 
30 of an acoustic wave packet between said transducers; 

transmitter means enabled by :;aid first signal and connected to 
one cf said transducers for energising said one transducer to emit an 
acoustic wave packet; 

receiver means connected to the other said transducer for 
35 receiving said acoustic wave packet and to provide··a second signal 

corresponding to the reception of said wave packet; 

lililf 1i1iiiiii . 
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timer means connected to said first signal for starting a clock 
that times the propagation of said wave packet along said duct between· 
said transducers and connected to said second s1gna1 for stopp1ng sa1d 
clock; 

5 . wherein said second signal further inputs to said control means 
to immediately cause the emission of a further said first signal so as 
to cause a sequential emission of a series of said wave packets, said 
control means also outputting to said transmitter means an inversion 
signal concurrent with one of a predetermined number of said first 

10 signals, said inversion signal causing said transmitter means and'sald 
one transducer to output an acoustic wave packet Inverted with respect 
to the immediately preceding wave packet, the times recorded by said 
timer means being stored and subsequently averaged for the calculation 
of a fluid flow velocity using said predetermined distance by said 

15 .control means. 
14. Apparatus as claimed in claim 13 wherein an inverted wave 

packet is transmitted after the transmission of three wave packets 
having like phase. 

1:. Apparatus as claimed in claim 14 in which a plurality of 
20 said wave·packets are transmitted from one said transducer to the other 

said transducer, followed by the like transmission of a like-plurality 
of said wave packets from said other transducer to said one transducer. 

15. Apparatus as claimed in claim 15 wherein said flow velocity 
has an accuracy bett~r than ± 0.02 metres per second for flow rates 

25 between O and 6 cubic metres per hour. 
17. Appara_tus as claimed in claim 16 wherein said flow velocity 

has an accuracy not worse than::: 0.01 metres per second for.flow 
rates between 1.5 and 6 cubic metres per hour. 


