REPLACENENT SHEET MODE SUPPRESSI ON IN FLUI D FLOW MEASUREMENT Field to the
Inventlvn The present invention relates to ultrasonic fl owmretess—and

parti 0T
acoustic nndes are mnimsed. Backgroquhof the I nvention
q ;

measure the velocity of fluid flow uct by transmttim _
signals through the duct and mea$® ing e tinme of propagation of the

si gnal s al ondvQ 93£00818ct . For own di stance, the vel oci tyeeam, s
cal cul ated. Generally, neas nents are taken in both dlrectlons afon t he

duct to provide for increased accuracy of the result. However, when a
pul sed acoustic signal is pro-aoated withid a duct t he acoustic wave

packet breaks into a nunber HSRE pYPERESSIQNGIN PR d \SURBMENAg a frequency
corresponding to the transmtting frggggggynnghﬁaV|ng a difference. phase

wher eby at different ﬁ’ﬁ%’ E‘Fe%erﬁl m%ﬁ&%%@és’ t& R TRAC £ 1R meterspﬂn\aﬂinSEt of

e wave 1S t he

nul | points at mhlcg r t nod
different modes h&V KT gf’e%f"etgggfi%t"f' ChCerTors. in Measurement caused by high
5 order acoustic modes are minimised.

Background fo 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 in
both directions along the duct to provide for increased accuracy of the

result.
' However, when a pulsed acoustic signal is propagated within &
- duct, the acoustic wave packet breaks into a number of tfansition modes

15 each having & frequency corresponding to the fransm tting 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 acoustic
velocities.

20 In order to obtain flow measuremenus, the acoustic wave must be
received by a transducer or like apparatus arranged at some point
within the duct. The receive transducer however does not receive a
sjng]e 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 divferent times. Depending on the energy level of
the received signal, 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. .

t 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 raduced.

Disclosure of the Invention
35 In accordance with a first embodiment of the present invention
there is disclosed & method for measuring time of flight of a plurality
of acoustic wave packets between two locations in a fluid having at
teast one acousticaliy refiective §urface in the path of said packets,
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velocities. In. order to obtain flow neasurenments, the acoustic wave nust be
received by a transducer or |ike apparatus arranged at song ' T
t he #uct.xThe receive transducer however does not receive
acoustic energy as was transmtted, but however, it recei ves=ihe
nodes each having a different energy |evel and being received at differer
ti mes. Depending on the energy level of the received signhal, it wll be

- apparent th BIdoPhS arise in determning a point in time in which a

- particul ar wavé packet is received and hence a flow nea8GFoNRHEO3 N be

determ ned. Because of this, the errors are carried over to the resulting
flow velocity cal cul ation. Sununary of the lnvention It is an object of the

present invention_to AR ijoggrqgﬁ,‘ ofe QbpdToy.e di sadvant ages of the prior .art.
he pre i NV

i
According to ones%lis?p"‘e'cto 0 |3r sent 1 nvention there is provided a nethod

for measuring tine off| FGAEMIETING 25| 1§ Prey 3OS tAE daket PEckelavidvPcket s
bet ween two | ocafirshohasa, defveen dhddodanipnatand @esuriondiecotlisiisal |y -
reflective surfaggridy;tdae path of said packets, said nmethod conprising the

steps of : 5 (b> transmitting an acoustic wave packet having a phase inverted
with respect to the immediately preceding packet or having an inverted
polarity with respect to the 1mméd1ate1y 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
10 immediately Following wave packet(s) having the first phase, and
measuring a time of flight thereof. _
Generally, the extremities of the path are defined by a duct for
_ carrying the fluid, and preferably is a conduit.
Advantageously, steps (&) and (b) are repeated a plurality of
15 times (eg 1 to 106, typically 32 to 64) and an average time of f11gh{
may be caiculated which can then be utilised for determining parameters
relaied 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 1s initiated immediately on
reception bf an acoustic wave packet by one of the transducers.

In accordance with & second embodiment of the present invention
there is disciosed a method for determining fluid flow velocity in z
duct in which first and second acoustic transducers are spaced by a
predetermined distance within said duct, the method comprising the

N
tn

steps of:
(1) transmitting an acoustic wave packet (having & first phase)
30 from said Tirst 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
betwesn said transducers;

(3} performing steps (1) and (23 i times (i =1, 2, 3, ....)

whereby successive transmissions are initiated upon the detection of

[ZV]
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the immediately preceding acoustic wave packet;

e
This Sheet Has Been Reflaced

[T



(a) transmtting at | east one acoustic wave packet, having a first phase,
between the |ocations and neasuring time of flight thereof; (b)
transm ttisng an acoustic wave packet having a second pha S e ia &0
polarity with respect to the imedi ately precedi ng packi BE
reduce the effects of high order acoustic nodes on at. | §fast okEPWAGEPpackel
having the first phase, said at |east one wave packet b&mg—Serected from
the group consweéi/guerof at | east an immediately precedi ng wayvgupaokst and
an imedi ately fol 'owi ng wave packet, and measuring a time of flight

t hereof; and (c) ‘repeating steps (a) and (b) wherein the transm ssion of
successi ve wave packets is initiated innedfftély upon reception of a wave
packet at one of said [eraeiforming Atersrdp rigd (@) RMorarsmi tidpeen 2eustife"®yf esent
invention there ispgikeyhslady a (metdnod phse atefodartityiimeridduvithflesmcyebocity in
a duct in which fi LSy AP Eﬁggpd acoustic transducers are spaced by a

d . . acc
predeterm ned distance wthin said :ducly D PHII G w1, 2, 3, .

5 (6) performing steps (1) to (5) except however by transmitting
from sajd second transducer and detecting at sald first transducer; and
(7) summing the times of travel in each direction, and, for the
number (n) of transmissions in each direction (n = ij), determining an
average time of travel in each direction to enable the calculation
10 +herefrom 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
fiuid, sald apparatus comprising: '
two acoustic transducers separated by a predetermined distance
15 within said Tluid and arranged to transmit and receive acoustic energy
between each other, there being at least one acoustically reflective

surface between said fransducers;
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 fransducer for
receiving said acoustic wave packet and to provide a second signal
corresponding to the reception of said wave packet; J
timer means connected to said first signal Tor starting ‘a clock
that times the propagation of said wave packet along said duct between
said transducers and connected to said secqnd signal for stopping said

~ny
vy

clock;
30 wherein said second signal futher inputs to said control means to
immediztely cause the emission of & further said first signal so as tc
cause a sequential emission of a saries of said wave packets, said
conirol means &1so outputting to said transmitfer means an inversion
signal concurreni with pne of a predetermined number of said first
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 packét. the times recorded by said

)
w
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ve packet, having

pransddzégzg% Mg

ucer apd,

conprising the steps of: (1) transmtting an acousti
a first phase, fromsaid first transducer to said secqng
det ecting ssai d acoustic wave packet at said second tr g
atinme of travel of said acoustic wave packet between
performng steps (1) and (2) i times (i = 1, 2, 3, ....). whereby
successive transm ssions are initiated upon the detection-of the

i medi ately pMEB@%PY acoustic wave packet; (4) per f or niPaT/A39?PE31% 1) and
(2) by transmtting an acoustic wave packet having a second phase of
Inverted polarity with respect to said first phase; (5) perform ng steps
(1) to (4) j times (j =1, 2, 3,. (6) peTﬁdTning steps (1) to (5) except
however by transm timengednsoei rga s thret ewh sbbseqyantdy aeeragaddfatethe ctail aujatdon sai d
first transducer; gnd {1d)d Fio% URTacMEy LA tshMEPre@étethiavehidtinc@ayhsadir ecti on,
and, for the nunbef( ﬁ&ngransnissions in each direction (n =j(i+ 1)),
detern1n|ng an average ti ch direction to enable the

cal cul ati on therefrom H?Stt Pféf?rlamyd il H\Xf‘\f&‘?é&‘?“ﬂ/‘cu’?i"?l@ag‘ﬁ‘r'dspt}’é'lf@iféF‘i‘ﬁ ned

di st ance. 5 after the transmission of three wave packets having 1ike phase. The
fluid can be & gas or a liquid, or both. :
ri ripti £ rawi

A preferred embodiment of the present invention will now be
described with reference to the drawings in which:

10 Fig. 1 shows a simplified arrangement for measuring fluid i
velocity; _ .

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

Fig. 28 shows the propagation of the first high order mode (the

15 "02" mode) within the duct;

Fig. 3 is a tabulature representation of & prior art transmission
arrangement showing various modal types and which results in
sign1»1canu errors; ' .

Fig. 4 is a tabulature representation of a transmission

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

Fig. SA shows a simple phase inversion circuit;

fig. 58 shows a pulse train of the preferred embodiment

“h
o
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driving a tranducer;
25 Fig. 6 is a plot of the error associated with the prior art
method; a
- 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. 1.
30 Best of Other Modes of the Performina the Invention

-n

jg. ) shows a simple arrangement for the measurement of Fiuid
velocity. Two acoustic transducers 1 and 2 ¥ace each other within a
Tluid carrying duct 2 and are separzted by & known distance %x. An
electronics module 4 connects to the iransducers 1,2 and provides

35 signal drive for transmission, signal detection and reception, memory
storage and velocity calculation. The arrow indicates the direction of
Tluid flow, in this case from transducer 1 to transducer 2.

\
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According to still another aspect of the presenf invention there is
provi ded an apparatus for determning the flow velocity of a fluid, said

apparatus sonprising: two acoustic transducers separa égfifhgg i ned

distance within said fluid and arranged to transmt dn St ]
energy between each other, there being at |east one & efl eclji ve
surface between said transducers; controls neans outputting a first signal

to initiate tKyeAess On of an acoustic wave packet betwe [ _
transducers; tranpsﬂr?ﬁ’t er neans enabled by said first si gn%thﬂffq’c%ﬂﬁ'eCfed
to one of said transducers for energising said one transducer to emt an
acoustic wave packet; recei ver neans confiected to the other said
transducer for receivi g 33tk 18f0US hefuvayR PABKRY ANthet Ayl P¥wiley #n second

signal correspondi gﬁréot Sghe [eecr?eggdrgl{sengf 1‘5@1I dtw\é’at\égrf(s'??%lfﬁets c>ft arm% churr% ns

connected to said na
propagation of sai 8 SEveropEEkPe 141 BAY 1§a‘|hEI dd[ﬁﬂt Betnelon ‘éaF‘dZ{ RahdRber s

and direction opposed to the flow (2 to 1). The velocities of travel of
5 these signals are affected by the velocity of the medium in the simple

manner of addition i.e.
v = C = vf (1

where Vs is the veiocity of the signal, ¢ is the acoustic veloci%y in
the medium when 1t is stationary and Ve is the velocity of the

10 medium. When the signal is propagating in the direction of the flow
the pesitive sign is used and when i1t is propagating in the opposing
direction the negzfive sign is used. Thus

V.. =T & Ve ) (2)

Ve_ = €= Ve ' (3

15 If is then possible to write the times.of travel T, and ©_ of
the signal as '

x X
T‘L = e— =
Ve C+Ve (4
20 - y 4 X
T s — = —
Ve C-Ve , (5
where ¢ is the distance the signal travels. Then,
e i 1
25 V2 = - ( — - —_ )
]
Z T T . : (6

In the measurement of these transit times it is convenient to
empioy & technigve known as the ring-around or sing-around method. In
this technique wnzn a pulse is detected another is immediately
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connected to said second signal for stopping said clock; wherein said
second signal further inputs to said control nmeans to inmediately cause the
eni ssi'on off a further said first signal so as to cause a sequentia

em ssion of a series of said wave packets, said control neans al so _
outputting to said transmtter nmeans an inversion signal concurrent wth
one of a predeterm ned nunber of said first signals, said inversion signal

causi ng sai dwopoowHi tter means and said one transducer tggz)#l%&tp an
acqustic wave packet inverted with respect to the i media Teedi ng

wave packet, the tinmes recorded by said timer means being stored and
subsequent |y averaged for the calculation of a fluid flow velocity using.
sai d predeterm negundhedt anER Ry hai cheELtéralladvanadys . thBf kff ndReGhiMtdon of the
Dr aw ngs A pr ef e';cféeeginﬁrg}og]amngf Qf s'ﬂgk'aq Rr ﬁﬁ@%shﬁ% tu'qu erﬁelr gy be
described with reference to tgg d;amnn?s 1N whi ch: |g. lfs ows a
sinplified arrang%tr?ﬁ'fﬁ TOBTE SRS Fhg TR BPmOR] B FEAyer SRl gof 2 RUdHORK t he
propagation of abpmparuref brsterdsefcthvotiee fiot Huet ensctraverisy.. JBe shubes ofhe
propagati on ot t hevédisabd misitgdf covdey amgdd ndabigred Gt tRIRASY) e fyhbdhet he duct;

The value of
T = t/n (7)

T can then be taken as where t is the time interval for n tfavergals.
Khen acoustic waves propagate in a duct they may do so in a
10 number of modes. These modes may be thought of as corresponding tc
solutions Tor the appropriate wave equations in a duct and it is from
“the mathematical characterisation of these solutions that the modes may
be distinguished, e.g. 0,0 or 1,3. Alternatively, 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
ihe 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 ndmbers 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 simiiar
though conceptually more abstract considerations apply to ducts of
other cross- section. About 50% of the acoustic energy resides in thas
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 o
attenuéte the higher transmission modes, unwanted acoustic energy
-af§=a:-»z='f_ builds up_in the measurement tube, causing distortion of the waveform
.and making impbssible the correct determination of travel time.
Experimentation has shown that it is the ratio of the length

[AM]
n

-

(x) and the diameter (w) of the duct 3 in Fig. 1 that is
30 significant to the amount of energy imparisd into the high order
modes. For a small diameter . the dispersion of the transmitted
wave causes much energy to be reflected Trom the walls of the duct 3 &t
relatively wide angies. This results in mu]tirpath propagation along
the duct . HWhere the ratio y/o is smail, hiéh_order modes do not
fend to propagate due to relatively small ang]e'reflections in the

)
wn

vicinity of the transmitting transducer. However, confiicting with
) g g



Fig. 3 is a tabulature representation of a prior art transm ssion
arrangenent show ng various nodal types and which results in significant
errors; Fiyg. 4 is a tabulature representation of a transm ssion arrangenent
of the preferred enbodi mrent show ng various nodal types which result in
substantially reduced errors; Fig. 5A shows a sinple phase-tAversion
circuit; Fig. 5B shows a pulse train of the preferred enbodi ment for

driving a trawedsaes7sd Fig. 6 is a plot of the error associpgtatonbdsis t he
prior art method; Fig. 7 is a plot of the error associated with the nethod

of the preferred enbodi ment; and Fig. 8 shows an enbodi nent - of the
el ectronic nodul e of Fig. 1. Best of O her-Nbdes of the Performng the
I nvention Fig. 1 shiowsothersi sepliesicabiangenoment ik othetfhet miets Ur ésmprectofal fyl ui d -

velocity. Two acougfy Cditff'@@ﬁtd%@@ﬁt%nla@dﬂldat% £13 Ghe £ REsEY 1M H&(n a fluid

carrying duct 3 and arﬁéifparat% H $Mq1kn9mpig stance é‘méﬂuﬁ%? incs

‘modul e 4 connects Y®°
flow in gas reticulat ion systems.

5 Fig. 2A shows a representation of the basic mode and Fig. 2B 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 it.
can be shown that the plane wave mode travels faster than the others
which causes a difficulty in the application of the ring-around

10 techniogue. A mode which travels at half the velocity of the pldne wave
mode will arrive at the same time as the plane wave mode that was
launched one sing-around period after it was generated. One travelling
at one third the velocity will arrive coincident with the plane wave
mode iaunched two pefiods after it began, and so on for other modes.

15 The modes trave]]iﬁg at velocities which are not integral sub-multipies
of tha plane wave mode velocity will arrive at times other than when
the plane wave is arriving at the receiver.

" The arrival of the integral submultiple modes up to the mode of
one guarter the velocity of the p1ane'wave mode is shown in Fig. 3 Tor

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 plans
wave mode velocity so that 3 represents a wave of one third plane wave .

25 velocity. The letter at the base of the arrow 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 modes arrive together there will
be an effect on the operaiion of the electronics module 4 in that it
will indicate a time of arrival different From that of the plane wave.

This in itself may not necessarily cause a serious detriment in

performance but when the Tluid medium is moving at varying velocities

then the modes will be affected by this motion in different proportions
so that their combined eifect by superposition at the receiver will be
different and a different time of travel will be indicated by the

(8]
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1, 2 and provides signal drive for transm ssion, sign
reception, nmenory storage and velocity cal cul ati on.
directionsof fluid flow, in this case fromtransducer
It is possible to nmeasure the velocity of the fluid f
by the neasurenent of the two transit tines of an aco
propagating in turn in the direction of flow (1 to 2)-
opposed twolbkmesdzpow (2 to 1). The velocities of trav
'signals are affected by the velocity of the nediumin
addition i..e. where [ERR] is the velocity of the sign
velocity in the mediumwhen it is statifonary and vf i
10 nedium

time will thus be some function of velocity.

of the plane wave mode (or another particuiar mode) depends on v
any two modes of different values of ¢
which have certain phase relationship at the receiver transducer at one

shown by eguations (4> and (5),

al detection and

The arrow i ndi cates the

1 to transducer 2.
lowing n the duct 3
ustic signal

and in the direction
Fi‘ﬁ}?l‘f}yz?oos st hese

e S|np e manner of
al, cis the acoustic
S the vel ocity of the

\Bbegetdrhe T8isgeidFeriesce pofo pimgatfi frgvd I nfroheheiph @t waoe mode t he fl ow
Since the time of travel

£ as -

flow rate will have a different one at another flow rate.
These complex dependencies will be evidenced as errors in the

value of Ve 25 measured by the method of time interval
using equation (6).

10 or very considerably reduce this ervor.

measurement

It is therefor necessary for accurate measurements

E)

Signals with which the transducers 1,2 are excited are generally
poscitlatory with no zero offset, unless introduced by the electronics.

Also, they are not of constant amplitude since to obt

time reference point from

f
he rec

. T ece
and Tor timing purposes a particular characteristic of
taken to give the instant of recept1on. Frequently

the sotutions t to the equation

be

crossing i.e. one of

s0 that

When 2 perturbing signal is present in the Torm of a
by the principie of
f(t) and the zero

veilocity mode the, representing the mode by (i),

superposition the received signal will be F(i) +

crossing will be the solution to the equation
F(t) + F(B) 0

(91}

in general, will not be equal to <

However, the transmitted signal in pos

which,

or -F(1).

ived signal will be F({)
g )

L
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2 e ims,
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30 same time, be

received, viz
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ain a particular
them requires some sort of pulse behaviour.
ived signal may be expressed as a function of time, F({)

the signal must
this is a zero
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the positive sign is used and when it is propagating in-the opposing
direction the negative sign is used. Thus [err]

(2) ¢3) 15 It is then possible to wite the tines of travel [err] and
[err] of the signal as [err] where X is the distance the signal travels.
Then, [err] In the neasurenent of these transit tines it-is convenient to
enpl oy a techni que known as the ring-around or sing-around nethod. |In this
t echni que wwaoosrogw se i s detected another is inmediatel ycr,wmﬂgﬁ# 00570
PCT/ AU92/ 00315 - 6-

-9 -
N +« F(E) + £(0) ]
(1) - F(t)y - f() ]
(i) o+ F(D) - 7D ] an
(iv) - F(B) = (D) ]

The particular zero crossing for the unperturbed signal will be shifted
in time due to the presence of the perturbing signal f(t). The time of
the zero crossing will be the appropriate solution of the four
equations formed by equating to zero each of the above expressions (1)
to (iv). Eguations (i) and (ii) have the same solution as do (1i1) and
10 (iv). B8y calling these solutions 7 and 2 they'may be expressed

w

where ot 5 and 5' are the small changes in © caused by the

smatl pert urbation T(t). Then (i) and (ii) give
15 '
F(z + 511) + (7 + 51]) = 0. e (182
An approximate Taylor expansion of this gives
F(2) + F'(T.)B*:.I - 7(7) + f'(t)ﬁc] =0 13
- -
61] = — )
2’ F'éod « 7'(D) (16)
Simitarly
e
612 =
Fier) - 7' (D ' an



| aunched. This has the operational advantage that the neasurenent of the
time of travel of a signal is made easier because a larger tine interva
corresponding to a | arge nunber of traversals of a pulse can be neasured

instead of the tinme for just one traversal. The nunber of 5 traversal s
must of course al so be neasured but this is easily done. The value of =7 —
t/n (7) [err] can

then be taken WO%#40637@¢ t is the tine interval for n traver pal/avsMNers
acoustic waves propagate in a duct they may do so in a 10 nunber of nodes.
These nodes nmay be thought of as correspondi;pg to sol utions for the
appropriate wave equations in a duct and.it s fromthe mathenati cal
characterisation of these solutions that the nodes may be distingui shed,
e.g. 0,0 or 1,3. Alkher ficii \sehepr a it imupdedueanhiy whid gemeteadht bertrees timtdpabat i ng
through the duct by;sr&kieciremmer iomhathails o, waikis impidesmokle mhixchs passes

strai ght through WﬁEQDQ%EQﬁL$§§ﬂkOQh%r0”1the wal I's is behaving much the
same as an unconfined wave and is called either the basic, primary or plane

wave node. O her nobdes are
Frity >> f 1) (18)

5 so that to a good approximation,

-f(1)

511 = )
Fred : a9
and
10 -
61] = = -611.
Fr(t) : ' (20}

If there are two perturbing signais fA and fB then the change in
timing afAB is, by the above, given by

F'(o) zn

This is the sum of the two changes separately produced by £, and

fB' This means that when there are several perturbing signals acting
20 together it is possible to consider their effects separately and add

these o obtain the total effect, i.e.

The rasults of equations (20) and (22) form the basis of the method of
cancellation of perturbing signals cogenerated with the desired

25 signal. Accordingly, by inveriing a ringaround pulse, it is pos;ible
to substantially reduce the error caused by the reception of high order
modes.



reflected one or nore tinmes. The pair of nunbers given to each node may, in
the case of a rectangul ar cross-section duct, be thought of as 20 the
nunbetr of ¥eflections fromeach of the parallel walls but simlar though
conceptual |y nore abstract considerations apply to ducts of other cross-
section. About 50% of the acoustic energy resides in the basic node, with

the remai nder vdod/fR-g0i gher nodes. Mst of the energy in | = hodes
resides in the 0,2 node.. Unless steps are taken to 25 at%ﬁt‘g%zgmﬁ?e

hi gher transm ssion nodes, unwanted acousti¢_energy builds up in the
measur enent tube, causing distortion of th‘e‘\‘/vavef_orm and maki ng i npossi bl e
t he correct determ natifog ofshowsawehblei siwilaExioelriigndntfatiieoti shdsutdhowh t hat it

is the ratio of thgedeengihofdraans st @i @IBHErin(aedd OfhokBy dbahved3téd Fi a.
1 that is 30 significant to the anount of energv inparted into the high

order nodes. For aa%rﬁ%)l'l di aneter co. the gi s?erEiog 7of Hpe transmtted
n the® Wi’ € of "t he duct 3 at

wave causes nuch ener gforsddtietheefacartiad iy
rel atively w desangptesactichhefstireemaintsdgnal with tthe hakfhspsedpedgatsi divemlbyng t he
duct 3. \Were the:yratio® therpblsibis feuratypes bf ghtedictesn taadng. do #0tiv) '
previously). The first is type (iv), the second type (111}, the third
type (1) and the fourth type (1). As stated before (111) and (iv) have
the same timing error which is equal but opposite to that for (i).
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 (iv), (1), (1i1) and (i). These also cancel. The
guarter-speed mode yields types (iv), (1), (i) and (ii{1) which again
cancel.
The sequence +1, +1, +1, -1 of transmissions {(where +1 represents
normal and -1 inverted) is repeated during the ringaround technigue and
an analysis of higher order modes reveals that the timing perfurbations
of all are cancelled except the 1/5. 1/9, ...1/(4n+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 fo that indicated by the +1,
+1, +1, =1 transmission. However, for complete cancellation & sequence

-
ur

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, +1, +1, -1 will cancel modal perturbations of 1/2,
173, 1/&, 176, 1/7 and 1/8 speed, that is. all except the 1/5 speed.
There are sequences which cancel the errorz due to thz 1/5 speed mode
but thess a1l 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
tachnigus. A scheme which is suitable Tor certain situations is given

4. Here ihe inversion is obtained by causing an operational

in Fi

()
($3]
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vicinity of the transmtting transducer.
93/ 00570 *
PCT/ AU92/ 00315 - 7-

tend to propagate due to relatively small

angle reflections in the

However, conflicting with WO

this otherw se desirable phenonena is the fact that it

is practically very difficult to obtain accurate flow neasurenents at |ow
flowvelocitl %%g?t[err] Is small. Such is

flow in gas retl

the case for neasuri ng pil ot

ion systems. 5 ' Fig. 2A shows PET(ALIRE83At at i on

of 'the basic node and Fig. 2B that the 0,2 node. H gher order nodes are not
shown as they are conpl ex. However, these npdes do not propa‘gate with the
same vel ocity, but

hown
than the others V\hﬁm8t11'3:'§u§°bg 3 TPF@UF’ER
ring-around 10 teciAiRdurach Aavepthe Wﬁ‘Pd'H“terWet@ ]d‘t’ETH nf SigRd casecRtfyeldf t he

pl ane wave

B R PR aFratent ke 7'

effect transistor 12 to vary its resistance from high fo low. There

are many other ways in which this may be done.

wn

The generation of a pulse sequence to switch this circuit from

normal to inverted will in detail depend on the exact seguence chosen.
For the sequence of +1, +1, +1, -1 a simple divider circuit is ail that

is needed.

The preferred embodiment excites the transmitting transducer (1
10 or 2) with a series of pulses, one such series being shown in Fig. 5B.
Fig. 3B shows four setis 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 ptane wave

—
wn

mode ang higher order modes. The bursts 20 and 22 each include three

distinct pulses which provide a single acoustic wave packet having &

basic mode and higher order modes.

The preferred embodiment- is speciTically adapted fo use where
only & unipolar power supply is available, 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 & half pu]ses._
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. 5A can also be used

30 for this purpose.

A gas velocity meter using the transii times upstream and

downstrsam for mezsurement of the velociiv has been constructed and is

the subject of Australian Patent Appli
concurrentiy herewith by the same appli

(73]
w

cation No. PK6BYI1 Tiled

canis, and uses the ringaround

tachnique to obtzin suitably longer time intervals for convenient

measurement. The resulis of a calibration of this device are shown in

“h

he deviations of the measured velocity from the straight
it are shown. These cleariy show acytlic variation.



node will arrive at the sane tine as the plane wave node that was | aunched
one sing-around period after it was generated. One travelling at one third
the velocitty will arrive coincident with the plane wave node | aunched two
periods after it began, and so on for other nodes. 15 The nodes travelling
at vélocities which are not integral sub-multiples of the plane wavé node
velocity will rive at tinmes other than when the plane wave is arriving at
t he receiver. $ﬁ€/ %¥Pi val of the int egral submul tipl e nod&€T4p92/803the node
of one quarter the velocity of the plane wave node is shown. in Fig. 3 for
20 various successive periods of the ring-&oeund, which are denoted by A,

B. C etc. The pOnﬁJB't‘RQ c&frewgn %h&ﬂ%uek%‘sﬁ{?%e#@%e@%mﬂwﬂ t%‘i’e aEﬁiE&aner
at the head of the ro E % te{f frAe ﬁ‘l' e pl ane
wave node vel ocit¥P g'?f "ﬁﬁ‘f” E ﬁ'ﬁg ¢L tﬁ V\g & D 6HE i)aﬁ'l v Iane wave 25
vel ocity. The | etmpéicationtNae PRESET ofher FRSULL FRONN gD Vg ¥ has rqbﬁ@ﬂa’r suetl peri od
in which it was gewer atvedy cditsédeyabimcimph@emsht Supe pesiaticps fay shd hate t he
effect of these of pest £1t. 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 signals
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 downstiream may be used for the measurement
15 of the fluid velocity.
The mode suppre51on techniques described above can be 1mp1em=n;=o
in z variety of ways, one such way being shown in block diagram form in
Fig. 8. Here, the electronics moduie 4 includes & control unit 20 which
is generally a micrprocessor based device. A transmitier 23 and
20 receiver 24 are prévided to enable transmission and reception of
acoustic signals from the transducers 1 and 2, shown in Fig.l.
transmifter 23 and receiver 24 connect to the transducers 1,2 via a
switching device 25 which, under control of the control deive 20 via
connection 25, acts fo switch the direction of acoustic transmission

he

25 fTrom transducer 1 ioc 2, to, transducer 2 fo i.
‘A memory device 21 and timer 22 conmect to the control device 20
via a bus 28. The timer 22 also receives a START signal, via line 29,
from the conirol device 20 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 Tirstly to transfzr a time value,

ot the wave packet through the duct

‘Q
rl ¢

corresponding to the time of f1i

=N
“h t+

3, to the memory 21, and secondly to inform the conirol device 20 that
the next ringaround pulse should be transmitted.

Tter the transmission of & predetermined number of ringaround
puises, for example 64, the time of Tlight vaiues can then be averaged

mathematically by the control desvice 20 and & value for .1ow veiocity

(73
wn



nodes at the receiver transducer is the sumof their individual effects.
This neans that when the el ectronics nodule 4 is operating 30 for the
detection of the time of arrival of the plane wave, that when the plane
wave and -one or nore other nodes arrive together there will be an effect on
t he operation of the electronics nodule 4 in that it will-indicate a tine

of arrival dibbgpegpg fromthat of the plane wave. This i y not
necessarily cause a serious detrinent in 35 performance EC*RV\#/&B he fluid

mediumis noving at varying velocities then the nodes will be affected by
this notion in different proportions so th&t their conbined effect by
super posi tion at cilh@laltﬂﬁ@sh‘ﬁ@l"hy\ﬁkhdwnbﬁmﬂ &f eneendngeng oF ehef fuet @ntwhtdane of -

travel wll be i 4 936995%91 ted val £ 1
ber AUD5) 00315 o B cTo Gty 11 Sngmory 9. e o U ve "fVF]é’r‘ntt he pl ane

wave node tinme wfilP eth‘LEhﬁHea‘?B?Pédfbth'nrc?f’?réh"go; v‘ie”ﬁ)cdl ?fy° PEGPATAE ISR t i me of

travel actvating the swi tch 25.
5 A further connection 31 Trom the control device 20 to the

transmitter 23 provides an inversion enable signal which causes the
transmitter 23 to emit a wave packet that is inverted. A circuit such
as that shown in Fig. 5A can be included in the transmitter for such &
purpose. Most preferably the connection 31 is enabled with every

10 fourth initiation provided by connection 29. Generally, ina ~ 7
ringaround sequence of four packets, it is preferred that the third
packet is inverted, such as shown in Fig. 5B.

The foregoing describes only one smgbodiment 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 discliosed method is also useful in the
measurement of a sh1p'§ speed through water where the ship's hull
comprises a single reflective surface which may cause high-order mocs

20 propagation. '
Indusfrial Applicability

The present invention is applicable to the reduction of errors in
Tluid flow measurement and to gas velocity measurement in parficuiar



of the plane wave node (or another parti'cul ar _node) depends on. [err]
shown by equations (4) and (5), any two nodes of di E’Hyal ues e

whi ch have certain phase rel aty cei val ducer §at on
flowrate wll haveadifferejﬁl“m "Itl mnrflow a ese g
dependencies wi Il be evidenced as e ernor$ |h the val ue of. vf as rreasured by

t he net hod I nterval neasurenent using equation IS therefor
necessary fo{”%’@{cggor ate measurenents 1Q_or very consi deré%%’?”?%@ébe this
error. Signals with which the transdicgrs 1,2 are excited are generally
oscillatory wthigszero offset, unless introduced by the el ectronics.

Al so, they are not of constant anplitude.since to obtai n a particular tine
ref erence point frorp t hg L[,ed |;em§asslg 1 t%%rtqun haV| QUL 15

The received signal may" Be expressed as a fagnct i h f tp "Wtedf) and for
timng purposesa‘é’”b*éFt"ﬁa&iJP%ﬁkeg %Prté%ﬁ“e‘i"‘PSIPF‘t?‘?ﬁs 1'hé féP‘g’n%ﬂV‘szt pstt aken to
gi ve the instanbtneodconedepity opfleciirequrdnatd yn tthe sathsofasa@rmcietossimg i . e. one

of the sol ut50Ngeth&y Edmpt R1ANENcCEMdBS bpn F(t) = 0
(8> (2) transmitting at least one acoustic wave packet, having a
first phase, between the locations and measuring time of flight

thereof; and
(b) transmitting an acoustic wave packet hév1ng 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
immediately following wave packet(s) having the first phase, and
15 measuring & time of flight thereof.
2. A method as claimed in claim 1 wherein said path has
extremities defined by a duct for carrying said Tluid.
3. A method as clzimed in claim 2 wherein said duct is &

tonduit.

20 4. A method &s claimed in claim 1 wherein steps (&) and (b) ars
repeated & plurality of times and an average time of Flight is
calculated.

5. A method as claimed in claim 4 wherein steps (&) and (b) are
repeated between one and 106 times.

25 6. A method as claimed in claim 5 wherein steps (&) and (b) are
repeated between 31 and 635 times.

7. A method as claimed in claim 1 wherein step (a) comprises
the transmission oF three acoustic wave packets, and step (b) comprises
the transmission of 2 single acoustic wave packet.

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

9. A method for determining Fluid flow velocity in a duct in

[¥%)]
o

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

" This Sheet Has Been Reﬂlaced
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20 so that F([err]) = 0. S
(9) When a perturbing signal 1s present in the formof alistgQ wer ::VH!QASB?EN

e U S e N 27 e

solution to the equation 25 "F(T) * f(t) -0

(10) which, wosgpesesmal, will not be equal to [err]. HowevRfyatiodfoss
transmtted signal in positive or inverted form and as such, the received

signal will be F(t) or -F(t). Also the perturbing signal generated at the
sanme time. but not received at the 30 r}gtirre will be f(t) or -f(t).
Thus four possibl e sigraltsansaiitingdhn P@%‘é’f‘\?é@"e PReket (hagtpmg/ToDE7Ehese)

PCT/ AU92/ 00315 9 from said first transducer to said second transducer;
(2) detecting sald acoustic wave packet at said second
transducer and recording & time of travel of said acoustic wave packet

between said transducers;

(3) performing steps (1) and (2) § times ¢1 =1, 2, 3, ....)
whereby successive transmissions are iniftiated upon the detection of
the immediately preceding acoustic wave packet;

(4) performing steps (1) and (2) by transmitting an acoustic wave
10 packet having a (second) phase or polarity inverted with respect to

(94}

said first phase;

(5) performing steps (1) to (4) j times (j = 1, 2, 3, ....);

() performing steps (1) to (5) except however by transmitting
from said second transducer and detecting at said first transducer; anc

1577 (7> summing the times of fravel in each direction, and, Tor the
number (n) of transmissions in eath direction (n = ij), determining an
average time of travel in each direction to enable the calculztion
therefrom of the fluid low velocity using said predetermined distance.

10. A method as claimed in claim 9 wherein {1 is three (3).
20 i1. A method as claimed in claim 9 wherein j is sixty four (564).
12. A method as claimed in claim 2 or 9 wherein said Tluid is
gas and said duct forms part of a gas reticulation system.
13. Apparatus for determining the Tlow velocity of a fluid, saig
apparatus comprising: '

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

controls means outputting a first s1una1 to initiate transmission
30 of an acoustic wave packet betwesen said transducers;
transmitter means enabled by said first signal and connected to
one of said transducers Tor esnergising said one transducer to emit an
acoustic wave packet;
receiver means connected to the other said transducer for
vecsiving said acousiic wave packet and fo providé‘a second signa)

(98]
ut

srresponding to the receptiion of said wave packet;

-
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(1) + F(t) + f(t) - (i) - F(t) - f(t)

(A) =+ F(tL) - " ( )i (1 (i - E(t) £(t) ._ 1l .5 _Th
partitul a# zero crossing fot the unperturbed signal wil 'ﬂ%S%?iJ

due to the presence of the p R (t). Thefjitine ﬂ;
crossing wll be the appropr?ﬂl“‘ﬂ“ﬂﬂﬂﬂﬂum!“ he four eguatd o P
equating to zero each of the above épres%ions (1) to (iv). Equations (1)
and (ii) haweo ¢3mmsmane solution as do (iii) and 10 (iV)pcr/ARM268diti Ng these

sol utions and 2 they may be expressed [err] where [err] and [err]are
the small changes in i caused by the snal I7 perturbation f(t). Then (i) and
(ii) give 15 [err] -7 (14) An approximate Taylor_

expansi on of this giViesr [neamp]connected to said Tirst signal for starting a clock
that times the propagation of said wave packet along said duct between
said transducers and connected to sald second signal for stopping said

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 cauvse a seguential emission of a series of satd 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 said
one transducer to output an acoustic wave packet inverted with respect
to the immediately preceding wave packet, the times recorded by said
timzr means being stored and subsequently averaged for the calcuiation
of a Tluid Tlow velocity using said predetermined distance by said

15 control means.

14. Apparatus as claimed in c¢laim 13 wherein an inverted wave
packet is transmitted after the transmission of three wave packets
having like phase. '

15. Apparatus as claimed in claim 14 in which & pturality of

20 said wave packets are transmitted from one szid transducer to the other
said transducer, followed by the 1ike fransmission 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 better than = 0.02 metres per second for Tlow rates
25 between 0 and 6 cubic metres per hour.
17. Apparatus 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. '

-_—
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Simlarly 25 WD 93/ 00570

PCT/ ALO2/ 00315 - 10 - Wen f(t) is near a maxinmumvalue it wll generally
be trdemthat f' (t) is smal | . Renenberi ng t hat [err] = 0, which inplies
that [err] is near a maxi mum value, then [err] ' '

(18) 5 so that to a good approxi mation, and 10

[err] (20) If there are.two perturbing si nals [err] and [err] then the
change in timng [err] is, by the above/ /8i ven by




[err] This is the sumof the two changes separately produced by [err] and
[err]. This means that when there are several perturbing signals acting 20
together it is possible to consider their effects separately and add these
to obtain the total effect, i.e. (22) [err] The results of equations (20)
and (22) formthe basis of the nmethod of cancellation of perturbing signals
cogenerated with the desired 25 signalz/s Accordingly, by inverting a
ringaround pulse, it.s possible to substantially reduce the error caused

by the reception of £ gh order nodes. WO 93/ 00570 .
PCT/ AU92/ 00315 - 11 = o
f
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Fig. 4 shows a table simlar to Fig. 3 of the distribution of npdes when
one transmi ssion in four is inverted (shown by an inverted arrow). Consider
the receptidns at [err] [err] [err] and [err]. The 5 interaction of the
main signal with the half-speed node is given by three of the possible four
types of interaction (called.(i) to (iv) previously). The first is type
(iv), the second type (iii), the third type (I) and the fourth type (lI). As
stated before (iii)tand (iv) have the sape timng error which is equal but
opposite to that fo= (). 10 Hence taken together, the timng errQrs due to
t he hal f-speed node&ancel. The interaction of the one third-spe node
with the main s@gnalZis of types (iv), (i), (iii) and (1). Theseualso
cancel . The quartef speed node yields types (iv), (), i) and (|®|) whi ch
agai n 15 cancel~ THe sequence +1, .+1, +1, -1 of transnissions (whére +1

represents nornal_and-—4—+n¥e+$£%9 ie repeated eH-+HRg—hre—+Rgarothd
t echni que and 0 f
A
4 3 2 1
T 4 bt { 1
B A A A A
4 3. 42 3 1 2
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4 3 42 3 4 123
A i iy i3 444
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an anal ysis of higher order nodes reveals that the timng perturbations of
all are cancelled except the 115. 1/9, ...I1/(4n+l) speed nodes. The 20
anpl i tudess of nodes above the one quarter speed are not very large and so
this represents no a great deficiency to the results obtained. O her

combi nations of normal and inverted transm ssions may produce cancel | ations
in a manner si mW@93/Q0870t hat i ndi cated by the +1, +i, +1, -1 RGTAXIEYH08ISon.
However, for conplete cancellation a sequence 25 of an even nunber of
transm ssions is needed. Thus there is no sequence of five transm ssions
whi ch produces cancellation of all nodal,Derturbations-to the fifth. It
can al so be shown that no sequence of siX pul ses exis whi ch_pr ¢duces
cancellation to the sixth, or to the fifth. A sequenc f seven being an
odd nunber cannot produce conplete 30 cancellation. quencejof eight
transm ssi ons obtai ned by repeating the sequence +1, +1 1. i
nodal perturbations of 1/2, 1/3, 1/4, 1/6, 1/7 and 1/8 speed
except the 1/5 speed. There are sequences whi ch cancel the
the 1/5 speed node but these all fail to cancel a | ower order noge. These
coul d be useful
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35 depending on the magnitudes of the various nodes. The inverted

transm ssions nay be generated by any suitable technique. A schene which is
suitabl'e fol certain situations is given Fig. 5A. Here the inversion is
obt ai ned by causing an operational = WD 93/00570

PCr/ AU92/ 00315 - 12 - anplifier 10 to have a gain of 1 or -1 as required.
Resistors RI, R2 and R3 each have the sane val ue and t-he I nversion Signal
causes a field effect transistor 12 to vary its resistance fromhigh to

I ow. Ther ewarsg/opsamy ot her ways in which this may be domer/ar92/00315 The
generation of a pulse sequence to switch this circuit fromnormal to
inverted will in detail depend on the exact sequence chosen. For the
sequence of +1, +1, +1, -1 a sinple divider circuit is all that is needed.
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The preferred enbodi ment excites the transmtting transducer (1 10 or 2)
with a series of pulses, one such series being shown in Fig. 5B. Fig. 5A
shows four Sets of ringaround pul se bursts 20, 22, 24 and 26 in one series
wi th the comencenent of the next series, denoted by.ringaround pul se burst
28. Each pul se burst .(20, 22, 24, 26, 28) has pul ses to forma single acoustic
The

wave packet wosp00ss Ng a plane wave 15 node and hi gher nndes
bursts 20 and 22 each include three distinct pul ses mhicﬁ&B?UVWHé a single
acoustic wave packet having a basic node and hi gher” order nodes. The
preferred enbodi nent is specifically adapted to use where only a uni pol ar
power supply is available, such as |n.pattery pomered 20 applications.. In
order to obtain an inverted wave packet the signal is left high, as

The

i ndi cated at 30, whereby burst 24 includes only two and a hal f pul ses.
ol l-u a—negati-\te-—goi ng transition 32 as

third burst 26 is therepy—iritiatedh
opposed by the positjveftrgnsiftiop of the ol her{ buyst$. |Hence {he wave
packet associatquyjth' hatf bufrst{is |25 inyertled,| or {hag its phase shifted
by 180[err]. A sg |[likp itls pfreckding :
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packet, it is formed by a burst of two and a half pulses. It may be
necessagy to, invert the received signal when the main signal arrives
inverted to preserve the quality of the timng pul se derived fromit. A
circuit simlar to that. of Fig. 5A can al so be used 30 for this purpose.
A gas-velocity webgpessei Ng the transit tines upstream and downsream f or
measur ement of the velocity has been constructed and is thePetrApenéoscf
Austral ian Patent Applicati.-on No. PK6891 filed concurrently herewith by the
sanme applicants, and uses the ringaround 35 technique to obtain suitably
| onger tine intervals for convenient ggasurenent. "The results of a
calibration of this device are shown I'n Fig. 6 where the deviations of the
nmeasured velocity fromthe straight line of best fit are shown. These
clearly show acyclic variation. WD 93/ 00570
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Application No. PK 6891,

shows a very considerabl e inprovenent

of best fit.
transmt signa

falling edge of the 3rd peak, 175 nmtransducer separation,:
three pul ses per burst at 115 kHz using natural
Accordi ngly, the technique of transm i
non-inverted signals in specific sequ

of acoustic signals in ducts.
measurenent of transit tines by the ring-around technique.
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13 - When the correction techniques of the preferred enbodi nent were

applied; to,the preferred enbodi ment of the neter of Australian Patent
the result shown in Fig. 7 was obtai ned which

in the deviations fromthe line 5
wWos/sepul ts of Fig. 7 were obtained by inverting every 4th

wi th detection being made on the zero cro8STAgIzmsthe
14 mm bor e,

[ oom t errper ature.
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Tn a variety of ways, one such way being shown in bIo_K_nggran1forn1|n
Fig. 8. Here, the electronics nodule 4 includes a confrgl, T O—whFeh=i S
generally a mcrprocessor based device. A transmtte

24 are provided to enable transnission and reception
fromthe transducers 1 and 2, shown in Fig.b.- The tr; S

receiver 24 connectr @stﬁlﬁs%%%g%ﬁﬁsﬁré— theV i@ R 1 B JrCBh Gy ‘?

under controlégf the control deive 2 € connection 26, acfs to smn?ch t he

direction of Sugﬁqtc3t?Xaﬁ§ﬁ1@ﬁﬁsBFF@E§t oF et eondpansdit times of amacoustic
transducer 2 tsogﬂa] &raﬁmrtynﬂa\m G@rn'ZJi natwb Hﬁﬁﬁt‘iaﬂ SFORNER (1t @othe aﬁ@”itnr Qhe

d 20
26, T rom t ho EOFEY TIONGERARIEY S WHE CHEPSCEitR: o | Jhe QRNBEL Dt oF chravel of

transmttef 2%hese isighabs are Mﬂec‘mﬂsrﬂysﬁhwmeb&ci&y Gt gt t med 'omVEn IBe Qﬁfﬁ:k@t :
On reception B £ %ﬁﬁggg#qt the receiver 24 outputs a STOP signal via
line 30 to the e and t he control devi ce 20. The STOP signal acts
firstly to transfer a time value, corresbonding to the time of fliaht of
t he wave packet thr ougmst he duat Ve a)

where Vs is the velocity of the signal, ¢ is the acoustic veloci%y in
the medium when it is stationary and Ve is the velocity of the
10 medium. MWhen the signal is propagating in the direction of the flow
~ the pos1t1ve sign is used and when it is propagating 1n the oppoasing
'direction the negative sign is used. Thus

Voo = 0+ Vg | 3 (2)

Vs- =C = Ve - ' | : ' (3

15 It is then possible to write the times.of trave1'1+ and t_ of
the signal as

X X
‘E+ = -——— = . .
Vs+ C+Ve (4
20 ' X
‘t_ = — = a———————
where % is the distance the signal travels. Then,
X [ 1
25 Vg = —(— - — ) _
2 T, T . (67

In the measurement of these transit times it is convenient to
employ a technigue known as the ring-around or sing-around method. 1In
this technigque wnzn a pulse is detected another is immediately



Fto the nenory 21, and secondly to i - i levi ce 20 that 35
the next ringaround pul se should be tr s SHETT HAP ). Ssion of
a predetern ned nunber of ringaround | ses,RERMA .-kQﬂLAéﬁQEQ‘r@%—g
flight values can then be averaged mat y the conﬁrol evi 2
and a value for flow velocity WD 93/ 00570 Date SAUG

PCT/ AU92/ 00315 - 14 - cal cul ated using the known val ue
the duct 3, which is preprogranmed in nggary 21. The cal cul ated val ue of
flow velocity can be further averaged by reversing the direction of
propagation by actuating the switch 25. 5 A further connection 31
fromthe control deyl ) ' L nver si on
enabl e signal whi CM§M@$‘?§N§@M%‘@ nm\ﬁm’%acket that is
inverted. A circuit such

ABSTRACT

Disclosed is a méthod and apparatus with which errors caused by the propagatiorll of high
order acoustic modes in ultrasonic flow measurement are reduced. Acoustic wave packets
are transmitted between two transducers (1, 2) arranged in a duct (3). A ringaround
transmiésion technique is used and implemented by a control device (4) in which every
fourth wa—vé’pélcket_is inverted with respect to the p;eéeamgpa'ckéts in order to anmul the —
propagation effects of high order modes in-the’ duét (3). This permits increased accuracy in
the detection of reception of the wave packets by the transducers (1, 2) enabling increased
accur:.acy in flow velocity measurement. B ' '

Fig. 1
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as that shown in Fig. 5A can be included in the transmtter for such a

pur pose. Most preferably the connection 31 Is enabled with every 10 fourth
initiation provided by connection 29. Generally, in a ringaround sequence
of four packets, it is preferred that the third packet is inverted, such as
shown in Fig. 5B. The foregoing describes only one endbodi ment of the
present invention and nodifications, jous to those skilled in the art,
can 15 be made thereto without departing fromthe scope of the present

i nvention. For exanple, the disclosed nethod is also useful in the
measurenent of a ship' s speed through water where the ship's hul

conprises a single reflective surface which may cause hi gh-order node 20
propagation. Industrijpl ADD icability The present invention 1s applit3ble
to the reduction of errors in fluid fl ow neasurenent and to gas veloc“ty

measurenent in particharaG . | (Ej
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The clains defining the invention are as follows: 1.
measuring time of flight of a plurality of acoustic wave p b&?&AﬁEMﬁé‘Er&EﬁT
two locations in a fluid having at |east one acoustically r [Dl ect FW? DE? 1997
surface in the path of said packets, said. {et hod conprisin s*te'as Ofireerenes

(a) transmtting at |east one acoustic wave packet, having a Ti1rst phase,

bet ween the | ocations and neasuri ng@ti nme_of flight thereof; (b
transnitting an acouMOPESUBPBESSIONEN, FRYIR &@mem&@/erted
polarity with respect to the i mediFtRl t the PaRgitiofl pPacket to substantially

d he eff f _high d t d t t ket
naving the 1irst pRaE@rset Bvamoroie A A dhetB i SLPulBlerRce,

t he group coneiledi by wiiicltertorndh measuremeni apased by dighd iondpr vawoustiza olodes amel
an i nmedi at eln‘m&ﬂ dgoW ng wave packet and neasuring a tine of flight

t hereof ; and f epeating ste (a) and b)_wherein the transm ssion of
successi ve wave packets is initi wpd of the-Inyentiom recepti on of a wave

packet at one of sy ks 'td)hfeasure 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, the velocity can be calculated. Generally,
measurements are taken in both directions 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 info a number of transition modes 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 acoustic -
velocities.

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. The receive
transducer however does not receive a single pulse' of acoustic energy as was
transmitted, but however, it receives the various medes each having a different energy
level and being received at different times. Depending on the energy level of the
received signal, 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
calculation.

Summary of the Invention

It is an object of the present invention to ameliorate one or more disadvantages
of the prior art. |

According to one aspect of the present invention there is provided a method for
measuring time of flight of a plurality of acoustic wave packets between two locations
in a fluid having at least one acoustically reflective surface in the path of said packets,
said method comprising the steps of:

(a) transmitting at least one acoustic wave packet, having a first phase,
between the locations and measuring time of flight thereof;



2. A method as clainmed in claim1l, wherein said path has extremti

defined by a duct for carrying said fluid. 3. A ne as_Cl r&%n

claim2, wherein said duct is a conduit and said | oce F@ﬁbAﬁﬁ%ﬂﬁgirsposégd in
| @i 1
1 )

a direction of flow of said fluid. 4. A et hod as ¢l ai med i

wherein steps (a) and (b) are repeated a plurality of} tha: &m& Takas LY
time of flight is calcul ated., 5. A et hod alsé ¢l ai %'lm4_vvne%ia|n
steps (a) and (b) @e rERRSHULIRZH AROBFHICHMAVEPASKatRrVINEg 3 secopd P asep0t iy as

g gai med i n7CﬂxﬂﬁmK5wim/r1e§pdcn te Fl@m(mgaiamd pteopdiag @ackenaat sibistantialiye reddite abe
t1 nmes. . (0] S 0

wherei n st epef-fe(ﬂ& %{(ﬁ%ﬁ io?%g atcﬁlé&icr %%é%%sf‘ yéi%a%ggnﬁ &’? %28 %%%ﬁgﬁhcg \%}g\c/é(ia&{ cRet S,

and step (b)sabapiéaseons Nave packetibeingoselestedafromniie cgraup onsistingaokap teatean

8. A met h%%a&{;ﬁg%%i@ Wil PiReChnd Bf iRbRABKIP SIpo@ing‘rsan@ Phdied, #hd

each said | ocation re 1s.arranged a transducer for the ansm ssi on and
reception of@%ﬁ“&%}é‘“ﬁ&ﬁﬁ@%}h‘ﬁf&f@\,ﬁ%h the transm ssion of successive
wave packets is in{di atepeatingesiepat @) yndi(b) whezeinthe tansmbissionaf suqrassivd waye

one of said lga{cﬁgtidiéc filitated immediately upon reception of a wave packet at one of said
\ locations. ‘

According to another aspect of the present invention there is provided 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 -duct, the method
comprising the steps of:

(1) 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 between said transducers;

(3) performing steps (1) and (2) i times (i = 1, 2, 3, ....) whereby
successive transmissions are initiated upon the detection of the immediately preceding
acoustic wave packet; '

(4) performing steps (1) and (2) by transmitting an acoustic wave packet
having a second phase of inverted polarity with respect to said first phase;

) performing steps (1) to (4) j times j = 1, 2, 3, ....);

(6) performing steps (1) to (5) except however by transmitting from said
second transducer and detecting at said first transducer; and '

@ summing the times of travel in each direction, and, for the number (n)
of transmissions in each direction (n = j(i+1)), determining an average time of travel
in each direction to enable the calculation therefrom of the fluid flow velocity using
said predetermined distance.

According to still another aspect of the present invention there is provided an
apparatus for determining the flow velocity of a fluid, said apparatus comprising:

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 of an acoustic
wave packet between said transducers;

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;



9. A met hod as clainmed in any one of the preceding cI ai ms \/\herel n said
second phase wave packet substantially reduces the .
hi gh order integral fraction acoustic nodes on at

having the first phase. 10. A net hod as.glained i
(a) conprises the transm ssion of three acoustic
conprises the transm ssion of a single acoustic wav 70 '
order integral fratacrisr JueANSt ponnepigdsto thepgther said transducer ‘for recelvmg sai

------- ... . . acoustic wave packet anll 16 \pRbvidé a SBERMASsigraY e65edpondinf @ thed kdception of
proporti onal _y acoustic node of each said wave packet, and the

ef fects of sﬁa}lg "Yﬁ"g Her int egral fraction acoustic nodes are reduced
excepting those t htimer means catnexteshtoeshid firstrsigra]l fon stagting 8 clock) that tisess ttheit

of the COfreéﬁgﬁgétﬂgl R SR Ywahd Ichﬂipﬂgssaﬂdl dyct el éc#i\ogalﬁohaﬂﬁlﬁél@ 3ha'g

fluid flow v I n a .duct secon acoustic
transducers 99@35%(%6”5)55%9 Sé&!@ll rrﬁ“?%&ﬁ%‘%@ﬁ% within said duct, the

met hod conpri sing ihereit 64id sééond 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
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
packet, the times recorded by said timer means being stored and subsequently averaged
for the calculation of a fluid flow velocity using said predetenmned distance by said
control means.

Brief Description of the Drawings

A preferred embodiment of the present invention will now be described with
reference to the drawmgs in which:

Fig. 1 shows a sxmphfied arrangement for measuring fluid velocxty,

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

, Fig. 2B shows the propagation of the first high order mode (the "02" mode)
‘within the duct;

Fig. 3 is a tabulature representation of a prior art transmission arrangement
showing various modal types and which results in significant errors;

Fig. 4 is a tabulature representation of a transmission arrangement of the
preferred embodiment showing various modal types which result in substantially
reduced errors; |

Fig. 5A shows a simple phase inversion circuit;

Fig. 5B shows a pulse train of the preferred embodunent for driving a
transducer;

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. 1.

Best of Other Modes of the Performing the Invention

Fig. 1 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 are
separated by a known distance %. An electronics module 4 connects to the transducers



(1) transmtting an acoustic wave packet, having a first_phase _from qaid.
first transducer to said second transducer; (2) det ectil pg:es ak-dyd

wave packet at said second transducer and r ecor di ng a ti of t 997
said acoustic wave packet between said tragsducers; (3) gé@er_fig_r__m_.r_l_g__;aj_t__gp__s
(1) and (2) 1 tinmes (i = 1, 2, 3, ....) whereby success
are initiat ed upon the det ectl on of the i mredi ately precedi ng acousti c wave
packet; (4) Beanfimrﬁmgs siga fIrive)fop frgnymipsion, signah defeetionandaagcentions meanay e
Fac ktet EaVI N gtoRageCid i &Sﬁldﬁialttioﬂverﬁe&ﬁ{di@%%i)i¢aftééttﬁb Hﬁeé(tﬁ)%nﬂ’@ll ulg Qlog&ahﬂ thls)
irst phase; er e o] ] times (j =1, 2, 3, ;
(6) perfor ﬁ‘%ﬁ‘?)gf%qlgfﬂ“‘? ?30?@518 bt however by transmtting fromsaid
second transducer and detecting at said first transducer; and (7) sumi ng
the times of travel in each direction, and, for the nunber (n) of

transm ssions in each direction (n =j(i+ 1)), determining an average tine
of travel in each direction to enabl-e the calculation therefromof the
fluid flow velocity using said predeterm ned di stance. 12. A et hod as
claimed in claim11l, whereini is three (3). _




13. A met hod—as ciarmed i claim 11 or 12, wherein j is sixteen (16). 14.

A nethod as c 1, 12 or 13, V\/nerel n said cond .
acoustic wav |Mﬁ Umg (ﬂi he effects of at |east two m@LMMNTSHEET

i nt egr al fra des upon at.hgast one subse
sai d wave packets. A nmethod as clainmed in claim 14

u c n of
Bidllljeﬁge i.gh
order integral fractlon acoustic nodes travel at speeds
integral |y prigpeirimsdefining the mveption age ay fllowsipde of each sai d vvave
packet, and the eff, ECtSAQﬁetIi@i €orhingdsufing EtrmdMﬂmloffarﬂatalmyloaemucwmmdes

oot hat - RS e B hchfbad A bl B B8 fledt ‘bR acblsdeily vefiecive
clai med i n auyfacsin G pathcofinaiskbpaskely, sidmethod\gempsisingshe ateps of:d i s gas and

said duct formms pag) Oftrhsfiffing i ath U lboBMR! BV beket, AARE A tifst! fifase

determnlngthe wvelomt of a flujd, 1 d at us conpri si ng:
acoustic tr AW § locatigns 4 “émgrt’&fe?fzf?ﬂ‘rfgg‘pﬁ istance within said

_ transmitting an acoustic wave packet having a second phase of inverted
polarity with respect to the immediately preceding packet to substantially reduce the
effects of high order acoustic modes on at least one wave packet having the first phase,
said at least one wave packet being selected from the group consisting of at least an
immediately preceding wave packet and an immediately following wave packet, and
measuring a time of flight thereof; and

©) repeating steps (a) and (b) wherein the transmission of successive wave
packets is initiated immediately upon reception of a wave packet at.ome of said

locations.

2. A method as claimed in claim 1, wherein said path has extremities
defined by a duct for carrying said fiuid.

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

locatlons are disposed in a direction of flow of said fluid.

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

5. A method as claimed in claim 4, wherein steps (a) and (b) are repeated
between one and 100 times.

6. A method as claimed in claim 5, wherein steps (a) and (b) are repeated
between 31 and 65 times. |
7. A method as claimed in any one of the preceding claims, wherein step

(a) comprises the transmission of three acoustic wave packets, and step (b) comprises
the transmission of a single acoustic wave packet.

8. A method as claimed in any one of the preceding claims, wherein at
each said location there is arranged a transducer for the transmission and 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.

0. A method as claimed in any one of the preceding claims, wherein said
second phase wave packet substantially reduces the effects of at least two high order
integral fraction acoustic modes on at least one wave packet having the first phase.

'10. A method as claimed in claim 9, wherein step (a) comprises the
transmission of three acoustic wave packets, and step (b) comprises the transmission of
a single acoustic wave packet, and said high order integral fraction acoustic modes



fluid and arranged—totransmit—and receive acoustlc ener gy between each

ot her, there e acoustically reflective [gEFface WEET
sai d transduol@" w@iﬂ ns outputting a first sign aBEPb’jEMﬁNé%E
transm ssi on ve packet bgqgween said. trghsduc

transmtter nmeans enabl ed by said first signal and conngtét#® ‘t-o-omeof " sai

transducers for energisi,ng said one _transducer to emt acousti

ve
packet: recel¥¥t ahSBrRds dB¥sTacly dnterlly ropertienalsts; 3 PRYmARY d‘ﬁ%‘éﬁmf@P&r \é\%éﬁ‘?}} ng
sai d acoust i saidvwaee packieetandrttle tffeqas off sl highsordemictegra) fedction acastio mbdey ate

Signal for stdpeec e EpiR hoRF Y wavhLA MR I T RBL Top 05 2 il bk B e
al ong sai d desrespending prigwrylacquatic twder s and connected to said second

signal for stoppingsaig ﬁhms& foi"’ﬂ@t'éﬂhiﬁn&aﬂﬁﬁdsﬁ&@ﬂféloﬁtg Nala auéttlhewcﬁpﬁatsﬁ
neans to J mediately cause

to said contro sion o furt sai,
first signal argi{)sggn c?%‘é%’é’e“ﬁ“ségfﬁ!% fES SPace Ws?ﬁeiﬂ‘ergngﬁi fistange ‘@gl?lﬂ %&ﬂ
packets, saidhctotht methadenppriding theusttepstofi ng to sai d transmtter means an

i nversion signal @chrﬁ-&%m gh OQ?O]IQ{IC %Ja%(i)qa&e a ﬁ?ﬁ’%ﬁm&énfg éud

first signals, said”inversion causi ng sal
sai d one tr afiestitransducer 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 (1) and (2) i times (i. = 1, 2, 3, ....) whereby
successive transmissions are initiated upon the detection of the immediately preceding
acoustic wave packet;

™ : (4  performing steps (1) and (2) by transmitting an acoustic wave packet
having a second phase of inverted polarity with respect to said first phase;

(5)  performing steps (1) to (4) j times (j = 1, 2, 3, ....); :

(6) performing steps (1) to (5) except however by transmitting from said
second transducer and detecting at said first transducer; and

(7) summing the times of travel in each direction, and, for the number (n)
of transmissions in each direction (n = j(i+1)), determining an average time of travel
in each direction to enable the calculation therefrom of the fluid flow velocity using
said predetermmed distance.

12. A method as claimed in claun 11, wherein i is three (3).

13. A method as claimed in claim 11 or 12, wherein j is sixteen (16).

14. A method as claimed in claim 11, 12 or 13, wherein said second phase
acoustic wave packet reduces the effects of at least two high order integral fraction
acoustic modes upon at least one subsequent detection of said wave packets.

15. A method as claimed in claim 14, wherein said high order integral
fraction acoustic modes travel at speeds inversely integrally proportional to a primary
acoustic mode of each said wave packet, and the effects of said high order integral
fraction acoustic modes are reduced excepting those that travel at a speed 1/(4n-+1)
(n=1,2,3...) times that of the corresponding primary acoustic mode.

16. A method as claimed in any one of the preceding claims, wherein said
fluid is gas and said duct forms part of a gas reticulation system.

17.  Apparatus for determining the flow velocity of a fluid, said apparatus

comprising:



out put an acouswpack”t"l nverted with respect to

precedi ng wave packet ecorded by said tinmer ||[TREREAQEMEYT SHEELJ
and subsequently Eﬁ mﬂ“‘cal culation of a fluidjfl O\H {eDBCi 1997

using said predet ancé by saidjigantrol neans.|| D8te:....Apparat-us-aj
claimed in claimi17, V\,herel n an inverted wave packet is '
the transm ssion of three wave packets having the sane phase.

Appar atus as cl ai niP apoustia; transgucers, separaied Hyp2 predeteringd §1§F3§C‘?\/é&7’éhlﬁa%t s

are transm tfleid :ixfdomatg@d&al@hﬁsﬁﬁﬂ&ﬁﬂl@@éw&cmbﬁmmdaegy Bétinden leadls Bthee) there
fol |l oned by the ctc%ﬁ ondi n ?{"%sm on, of I|ke @I ura it of sai d wave
f SAusey

packets f ronl??’ég etaF%leﬁ'ﬁ‘ ‘?aﬁuafa‘éef'uge Peeh ¥t & Appar at us
as clainmed in clai cont®}s wicenseoutputting ac fitst signaketd initinte mns;mssxyn mfsanaapoustic

accuracy betgre ﬁ%ﬁ&&&&%&ﬁ%ﬁ&éecond for flow rates between 0 and 6
cubic netres per ar tuizas cl.ai med | gﬂél ai m 20, wher ei n sal d

cal cul ated flow vewrmmgi%wa%ea&!?ﬂf yajdofirshsignal @pd compected R ope Of aid
second for firawdoedrs forleeygising $aid onedrabsducht © diiﬁ't Eﬂ!&cdiﬁt’lc Imvé aék%t

Apparatus as clai mscci:ellvgr Fheans r](:eon(l)lfec t!la}o e othgr sai ns%ru for recelvmg said
acoustic wave packet and to provide a second signal correspondmg to the reception of
said wave packet;

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 signal for stopping said clock;

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 outpufting to said transmitter
means an inversion signal concurrent with one of a predetermined number of said first
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
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
control means.

18.  Apparatus as claimed in claim 17, wherein an inverted wave packet is
transmitted after the transmission of three wave packets having the same phase.

19.  Apparatus as claimed in claim 18, in which a plurality of said wave
packets are transmitted from one said transducer to the other said transducer, followed
by the corresponding transmission of a like-plurality of said wave packets from said
other transducer to said one transducer.

20.  Apparatus as claimed in claim 19, wherein said calculated flow velocity
has an accuracy better than =+0.02 metres per second for flow rates between 0 and 6
cubic metres per hour. :

21.  Apparatus as claimed in claim 20 wherein said calculated 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.

22.  Apparatus as claimed in any one of claims 17 to 21, wherein the

“inverted acoustic wave packet reduces the effects of at least two high order integral
fraction acoustic modes on said wave packets.
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24. Apparatus as claimed in claim 22 or 23, wherein said apparatus
comprises a unipolar power supply and said inverted wave packet commences w1th
transition opposite to that of the immediately preceding wave packet.

25.  Apparatus as claimed in claim 24, wherein said transmitter means
comprises a gain switchable amplifier, said inversion signal acting to alter the gain of
said amplifier from positive to negative.
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MODE SUPPRESSION IN FLUID FLOW MEASUREMENT

ABSTRACT

Disclosed is a method and apparatus with which errors caused by the propagation of high
order acoustic modes in ultrasonic flow measurement are reduced. Acoustic wave packets
are transmitted between two transducers (1, 2) arranged in a duct (3). A.ringatound
transmission techniqué is used and implemented by a control device (4) in which every
fourth wave packet is inverted with respect to the preceding packets in order to énnul the
propagation effects of high order modes in the duct (3). This permits increased accuracy in
the detection of reception of the wave packets by the transducers (1, 2) enabling increased
accuracy in flow velocity measurement. ‘.

Fig. 1



