
- 1 - MODE SUPPRESSION IN FLUID METER CONDUITS Field of the Invention The
present invention relates generally to ultrasonic flow measurements of
fluids and, in particular, to the controlling and/or suppression of the
effects, on the measurements, of non-fundamental acoustic modes. Background
Art It is known that the velocity of the flow of a gas as well as the
velocity of sound in the gas can be determined by the taking of two
measurements of the transit time of a pulse of ultrasound, one upstream and
one downstream in the flowing stream. This is the principle of operation of
a transit time ultrasonic gas meter. In order to perform this timing with
small uncertainty, it is necessary to select some precise feature of the
pulse which can serve as a timing marker.  The crossing of the signal
through zero is capable of very accurate location in time and makes a good
timing marker. There are, however, a number of zero-crossings from which
one such crossing must be reliably selected as the timing marker. Fig 1E
shows a typical ultrasonic measurement arrangement 1 in which two
transducers 2,3 face each other through a duct 4 having a cylindrical shape
and circular cross-section with gas flowing in the direction indicated by
the arrow 6. Figs. lA-lD show a signal typically received from a pulse of
ultrasound launched into the circular duct 4. The received signal is
initially shown in Fig. 1A and extends for some time shown in Figs. 1B, 1C
and 1D where markers indicate times, 2 times, 3 times and 4 times
respectively past the initial arrival of the start of the signal. A
particular negative going zero-crossing has been chosen as the event on
which to do the timing. International Patent Application No. PCT/AU92/00314
(WO 93/00569) discloses an electronic fluid flow meter which incorporates
circuitry developed which select this particular crossing in a two-stage
process. Using the signal amplitude, a time is chosen before the arrival of
the required crossing at which a negative-going zero-crossing detector is
enabled.  There is a reasonable latitude allowable in the timing for this
preliminary event but it is apparent that it must occur before the chosen
zero-crossing but after the preceding one. Otherwise, it would be used
instead for the precise timing marker. 



-2 - Such an arrangement has been found to operate satisfactorily. As it is
based on the amplitude of the signal and how it varies with time, anything
which changes the amplitude of the signal has the potential to interfere
with the choice of the initial time and thus in the selection of the
correct zero-crossing. One cause of amplitude changes in electronic systems
are gain changes. These can be due to aging, temperature, or other
environmental effects. It is normal to compensate for such changes by some
form of automatic gain control (AGC) which almost eliminates these
amplitude changes. There are, however, other causes of amplitude change
that affect the individual peak heights in the signal even when, as a
result of the AGC, the maximum peak height is constant. Furthermore, when
amplitude changes cause an incorrect choice of zero- crossing the timing
error which results will be at least one whole period of the signal. This
represents a serious error because it is systematic and averaging will not
produce an unbiased mean of smaller uncertainty. A significant contributor
to these amplitude changes is the existence and propagation of,
non-fundamental acoustic modes. SUMMARY OF THE INVENTION It is an object of
the present invention to substantially overcome, or at least ameliorate,
the abovementioned problems through provision of a means by which the
effects of non-fundamental acoustic modes on the received signal, typically
the amplitude thereof, can be further reduced. Throughout the specification
reference to "non-fundamental acoustic modes" is to be taken as including a
reference to higher order acoustic modes, and vice versa. In accordance
with one aspect of the present invention there is disclosed a fluid flow
measurement system comprising a duct for carrying a fluid, the duct having
two transducers spaced apart therein to define a fluid flow measurement
portion therebetween, wherein the measurement portion is adapted to control
effects of non- fundamental acoustic modes on a signal received by at least
one of the transducers without substantially altering an effect of a
fundamental acoustic mode on said signal. Generally, the measurement
portion is configured to control the propagation between the transducers of
the non-fundamental acoustic modes, in order to reduce their effect as
received by the transducer(s), in which the propagation is suppressed by
decreasing the speed with which the non-fundamental acoustic modes travel
or by modifying the phase relationships between them.    



-3- Advantageously, the speed of the fundamental acoustic mode is not
decreased, and the effects of the non-fundamental acoustic modes is reduced
by decreasing their net contribution upon a signal amplitude received by
the one transducer. In one form, the portion has at least one obstruction
located in the duct whereby fluid in the duct can flow thereabout, the
obstruction having a shape and being so located within the duct to suppress
effects of the non-fundamental acoustic modes. Generally, the obstruction
is positioned centrally within the duct. Alternatively, the obstruction(s)
can be disposed non-centrally within the duct. Advantageously, the
obstruction(s) is fluid dynamically shaped to reduce and ideally minimise a
decrease in fluid pressure thereabout.  Generally, this is achieved by
locating an appropriate fluid dynamically shaped obstruction(s) having a
substantially smooth surface within the measurement portion of the duct so
as to minimise or substantially reduce fluid pressure drop within the duct.
In a particular form, at least a portion of the measurement portion itself
is shaped to have an augmented, non-circular cross-section.  Typically this
is achieved by the duct having at least two wall portions interconnecting
wherein one of the wall portions is curved and the other is substantially
non-curved. The curved wall portion may be a partial ellipse, circle,
parabola, hyperbola, cycloid, hypocycloid, or an epicycloid. The
interconnection between the portions may be integrally formed, or formed
from separate substrates. The obstruction, as indicated above, is located
within the augmented measurement portion. In one typical fluid flow
measurement system there is a duct for carrying a fluid and having therein
two transducers spaced apart to define a measurement portion therebetween,
the measurement portion comprising a cylindrical duct and at least one
fluid dynamically shaped obstruction located centrally therein.
Alternatively, the measurement portion can include at least a portion of
the measurement portion having a shape which is non-circular in
cross-section in combination with at least one fluid dynamically shaped
obstruction disposed in the measurement portion, the combination being
adapted to suppress effects of non-fundamental acoustic modes received by
at least one of the transducers.  



4 NMR has more recently been used in examinations of the human body.  Other
methods such as computerized axial tomography (CAT scanning) have been used
in the past for this purpose, and still are. However, because NMR does not
use ionizing radiation, it is believed to have some safety advantages over
CAT. Thus, NMR is an advantageous method of producing cross-sectional
images of the human body. The quality of the images obtained from an NMR
scan is based on two properties: the proton densities of the various
tissues and differences in proton relaxation rates. The proton density of
tissues cannot be readily altered. Proton relaxation rates can be adjusted
by adding a paramagnetic relaxation agent, more commonly known as a
"contrast agent." Contrast agents enhance the contrast in NMR images
between magnetically similar but histologically dissimilar tissues.
Gadolinium has been tested as a contrast agent in the past because it has a
large magnetic moment, which efficiently relaxes magnetic nuclei.
Gadolinium's strong paramagnetic properties are the result of its seven
unpaired electrons. One drawback of gadolinium as a contrast agent is its
toxicity to animals. One possible remedy for this problem is to incorporate
gadolinium in a compound that would pass through the body and be excreted
without releasing toxic gadolinium ions. Unfortunately, the rare earth
elements, such as gadolinium, do not form stable covalent bonds with
organic molecules, so such molecules can decompose in vivo and release the
toxic ions. There is a need for effective contrast agents which avoid the
toxicity problems inherent in using gadolinium. Further, there is a need
for new and better contrast agents, whether they include gadolinium or
another paramagnetic metal.  



-5- Figs. 13A and 13B compare waveforms for temperature variation with and
without an obstruction. Fig. 14 depicts the transmission of ultrasound
using the - ring-around technique; Figs. 15A and 15B illustrate two tube
shapes representing further embodiments which reduce the effects of high
order modes resulting from the use of the ring-around technique; Figs.
16A-16D are views similar to Figs. 1A to 1D but resulting from the
combination of Figs. 6 and 15A; and Best and Other Modes for Carrying Out
the Invention When a pulse of sound is launched down a tube or duct, it
excites a number of acoustic modes that carry the signal. The modes may
simply be thought of as reflections from the wall of the tube or may be
considered as the vibrations of the stretched skin of a drum but propagated
through space.  Both of these analogies have their uses but each is
limited. The reflection analogy enables the determination that the velocity
of propagation along the tube of the modes which are reflected more times,
will be slower. The fastest mode is the plane wave or fundamental mode,
which is not reflected. The plane wave mode propogates along the tube with
the speed of sound in free space, denoted by c. The other modes, because of
their reflection(s) from the tube wall, propagate along the tube at a wide
range of velocities from almost c down to zero, though strictly speaking, a
mode with zero velocity does not propagate . In general the slower modes
are less excited, and therefore have smaller amplitudes, than the faster
modes. For modes having propagation velocities less than c/5, the amplitude
generally becomes only one or two percent of the main amplitude. Each mode
except for the plane wave has a cut-off frequency below which it will not
propagate in that particular duct. For the frequency and duct size
involved, there are very many modes above cut-off. Whilst the modes are
separate entities, they superimpose to give an almost continuous signal.
Some modes are more strongly received than others and so the total signal
has a lumpy appearance, as shown in Figs. 1A-1D, from which it will be seen
that there are modes that are considerably larger than the modes of similar
velocity on either side. 



Fig. 2 shows a number of representations, using the drum head analogy, of
some of the faster modes present in the circular duct 4. The (0,2) mode is
a vibration of the central portion out of phase with    -6- the perimeter.
This is expected because the transducers 2,3 act in the central part of the
duct 4 where they cause strong excitation. The velocity of the (0,2) mode
is only slightly slower than that of the plane wave (0,1) mode so that the
signal received is an addition of those two modes, unless a very long tube
is used which allows the modes to separate.  For a cylindrical duct the
exact phase relationship of the two signals determines the magnitude of the
received composite signal. The phase relationship depends on the diameter
of the duct 4, the length of the duct (between the transducers 2,3), and on
the plane wave velocity. The velocity of sound, the plane wave velocity, is
given by Po where [err] is the ratio of specific heats, P is the pressure
and [err] is the density of the gas. Thus the velocity will depend on the
nature of the gas and, for a particular gas at a fixed pressure and an
absolute temperature T, the velocity will be given in terms of the velocity
at some standard temperature, in this case 273 K, by C = C273  -
(2) 273 A change in the value of C alters the phase relationship and can
alter the magnitude of the composite signal considerably.  This amplitude
can also be influenced by a converging flow. Similarly, transmission into a
converging flow is shown in Fig. 3. The waveform received in such a
situation is shown in Fig. 4 where it will be seen that the second maximum
in the envelope is larger than the first. One possible explanation for this
is that the converging velocity field bends the sound from the transducer 3
which would otherwise be lost into a region on the perimeter of the smaller
diameter section. A similar effect can be seen with hot gas in a cold tube
(to be discussed later). This makes the detection of a particular
zero-crossing substantially more difficult. Turning now to Fig. 6, if a
central obstruction 10 is placed in 



the duct 4, then the central part of the (0,2) mode, represented by
reference numeral 5, and other more complicated modes which have a central
component, are prevented from propagating.  In such a case, the    -7- duct
4 about the obstruction 10 has an annular cross-section, which in view of
the aerodynamic shape of the obstructions 10, varies along its length.  The
effect of this can be seen in Figs. 4 and 5 that show the signal received
through a duct 4 before and after the addition of a central obstruction 10
respectively. Fig. 4 shows two waveforms, one at zero flow in which the
(0,2) mode is about two thirds the amplitude of the plane wave mode, and
one for downstream flow in which the ratio of the amplitudes is reversed.
In Fig. 5, which has the central obstruction 10, the size of the (0,2) mode
is much reduced and the waveforms for zero flow and downstream flow are
very similar. The placement of the central obstruction 10 is not critical,
but it has been found that a position about four or five diameters of the
duct 4 and in from the entrance of the duct 4, as indicated in Fig. 6,
gives the best results.  The shape of the obstruction is governed by
aerodynamic reasons and a sphere or tear drop is suitable.  The optimal
diameter of the obstruction 10 is about one half the diameter of the duct
4, but again this is not a critical dimension. More than one obstruction 10
can be used to some additional benefit. Fig. 7 shows a duct 13 with two
tear drop shaped obstructions 11 and 12. The duct 13 is insensitive to the
direction of the flow and to the nature of the gas as regards the initial
waveform. An example of the received signal in the cases of a downstream
flow of air (as for Fig.4) and a zero flow of natural gas is shown in Fig.
8. The wave shape for other combinations of gas type and flow also produce
little change in the received waveform. Figs. 9A-9D show the higher modes
for a cylindrical tube fitted with a central obstruction 10 as in Fig. 6.
The amplitude of the higher modes has been diminished and of course the
behaviour of the (0,2) mode has been controlled. When the temperature of
the meter body is very much less than that of the gas either because the
meter body is very cold, or the meter body is at room temperature and the
gas is very hot, then the (0,2) mode can 



be excited more than normal. A reason for this is illustrated in Fig. 10.
Here, a hot gas flow 6 contacts the cold wall of the duct 4 to produce a
cold layer of gas 7. Energy which would normally be reflected out of the
duct 4 and hence, in a sense wasted, as is depicted by the arrow 9, is able
to enter the duct 4 because it is refracted by the layer of cold gas 7 as
depicted by the arrow 8. From equation 2 above,    -8- the velocity of
sound in a gas is less if the gas is cold than if the gas is hot. A beam of
sound entering a region of cold gas is bent as shown in the Fig. 10, in
much the same way as a beam of light is refracted in an optically dense
medium. The effect on the received signal can be seen in Figs. 11A and 11B
for a hot gas flowing in a cold duct. Fig. 11A represents an upstream
transmission and Fig. 11B a downstream transmission. Compared with
waveforms for zero flow at a uniform temperature, the (0,2) mode has been
decreased in Fig. 11A and increased in Fig. 11B. Given that the above
explanation is generally correct, the effect can be reduced by removing the
layer of cold gas 7 at the meter wall. This can be performed using a gas
stirring device which is fitted to the inlet of the inlet of the duct 4 to
impart into the stream of gas, a swirling motion to induce mixing at the
wall. The effect of this device can be seen by comparing Figs. 11B and 12.
In Fig. 12 the stirring device was used but otherwise the experimental
arrangement was identical with that of Fig. 11B.  The reduction of the
(0,2) mode is clear. A central obstruction is very effective in supression
of the (0,2) mode from this source. This is illustrated in Fig. 13A and 13B
where Fig. 13A is for a-tube without a central obstruction. The duct has
room temperature gas flowing through it and the walls have been cooled with
a refrigerant. The accentuation of the (0,2) mode is again apparent. Fig.
13B is for the same conditions except that a central obstruction has been
fitted. The waveform is now normal in the sense that it very closely
resembles the waveform for the same duct at room temperature (Fig. 5).
Though the discussion has so far been concerned with the (0,2) mode there
are very many other modes. These are generally of smaller 



amplitude than the (0,2) mode but in certain circumstances they can cause
difficulties by corrupting the propagation of the main acoustic wave
packet. This is particularly so in the use of the ring-around technique,
described in detail in the aforementioned International Patent Application
No. PCT/AU92/00314. In this technique, when a signal is detected, a new
pulse is immediately transmitted. Because of the very long tail of higher
order modes on the signal, this retransmission arrives at the receiver
while the previous signal still has a significant amplitude. In effect,
there    -9- is a layering of signals with contributions from the higher
modes of a number of previously transmitted pulses.  These higher modes
will add to the plane wave mode and produce a resultant which is the signal
upon which the timing of the next transmission is based. The first part of
the first received signal will be free of all other modes; the second
received signal will contain the plane wave mode from the second
transmission and those modes which travel at one half the speed of the
plane wave, i.e. c/2, from the first transmission.  The third received
signal will be the sum of the plane wave from the third transmission, modes
with velocity c/2 from the second transmission and those with velocity c/3
from the first transmission. The extension to the fourth, fifth and so on
received pulses will be apparent to the skilled addressee. This addition
process is illustrated in Fig. 12. Furthermore, with reference to Fig. 1,
the amplitudes become small as the mode order becomes high so that there is
little effect on the received signal from modes of velocity less than c/4.
It can be shown theoretically or seen experimentally that the effect of
flow on the received signal is to move the received signal as a whole along
the time axis so that its shape is, in the main, preserved. The arrival
time of the particular zero-crossing that has been chosen as the timing
marker will vary with the flow. The arrival time will be longer or shorter
depending on whether the transmission of the signal is upstream or
downstream. The particular parts of the long tail of the received signal
that add in the layering process described above will be those parts of the
tail that are integral multiples of this time after the selected
zero-crossing. The exact combination will 



thus vary with the flow. This addition of other (high order) modes, whose
phases vary with flow, to the plane wave, in the ring-around technique
alters the time of the zero-crossing from that for the plane wave alone,
that is, from that that would apply for a single transmission. When flows
are calculated from transit times derived from the ring-around process the
high order modes cause a periodic deviation from a straight line response
as the flow varies over the range from no flow to maximum. This problem has
been addressed by the transmission of an inverted pulse once in four
transmissions as described in International Patent Application No.
PCT/AU92/00315 (WO 93/00570) entitled "Mode Suppression in Fluid Flow
Measurements" by the same Applicants.    - 10 - However, this does not
prevent the amplitude of the received signal from changing.  When an
inverted pulse is transmitted, the signal from higher modes which
previously had been adding to the amplitude of the plane wave signal, will
be subtracted from the plane wave.  Thus the detection system must be able
to detect reliably the correct zero-crossing when the amplitudes of the
early peaks in the received signal are altered by amounts corresponding to
those higher modes. It is therefore generally easier for the detection
circuit to operate effectively if the magnitude of the higher modes, with
velocities approximately c/2, c/3, and so on, are as small as possible.
Through examination of the nature of the modes as shown in Fig. 2, they are
all seen to possess a high degree of symmetry based on the circular
cross-section of the metering tube. Thus, in order to minimise the high
order modes, it was observed necessary to break or change the symmetry of
the geometry of the tube as much as possible. Figs. 15A and 15B show two
cross-sections of metering ducts that represent a compromise between the
above criteria. Fig. 15A shows a cross-section of a duct 20 which include a
substantially semi-circula- curved portion 21 and two flat faces 22 and 23.
Fig. 15B shows a duct 25 having a part elliptical curved portion 26 and a
single flat face 27. The ducts 20 and 25 operate on the principle that high
order modes tend to be reflected from the wall of the duct and in each
case, modes reflected off the flat faces 22 and 23, or 27 are reflected
onto, and 



dissipated on the curved faces 21 and 26 respectively which, in view of the
greater circumferential length (and their surface area), reduce the sound
pressure level and hence amplitude of the high order modes. Figs. 16A-16D
show the deformed cross-section duct 20 mentioned above, which has been
fitted with a single central obstruction in the form of a tear drop. The
downstream behaviour is now greatly improved. The use of central
obstructions reduces the amplitudes of some of the higher modes as well as
that of the (0,2) mode. The use of the two techniques together,
non-cylindrical forms and central obstructions, gives an improved
performance as regards the higher modes. In a further configuration, the
walls of the measuring tube 4 are roughened using grooves and/or bumps
which are comparable in size to half the wavelength of the acoustic signal,
generally between 0.01 and 8 millimeters for the broader ultrasonic
frequencies and preferably between about 0.25 and 2 millimeters for the
frequencies able to be    employed using the apparatus disclosed in the
aforementioned International Patent Applications. Such a roughening was
found sufficient to reduce the contribution of higher order acoustic modes
whilst permitting the plane wave mode to dominate at all flows and
temperatures, without appreciably increasing the frictional resistance to
flow (the pressure drop) within the tube 4. The appropriate roughened
surface finish to achieve high order mode damping can be provided by
casting from an appropriate mould or by configuring the tube wall with a
helical groove of pitch approximating the acoustic half wave length. The
effect of a particular higher mode is reduced because the energy it
contains is spread over a finite time. That is, if the mode is reflected
off a perfectly cylindrical surface, all of the mode front arrives at the
transducer simultaneously and its full effect is felt. Roughening or
distorting the surface causes a proportion of the mode front to travel over
a slightly longer distance thereby reducing the total instantaneous
contribution. Excessive roughening of the tube surface although reducing
the influence of high order modes, can significantly increase the pressure
drop. It will be apparent from the foregoing that the addition of the
obstruction, changes of the duct cross-section from a regular shape, 



and/or roughening/grooving of the duct between the transducers, acts to
decrease the speed of propagation of the high-order acoustic modes without
decreasing the speed of propagation path of the fundamental mode. One
significant advantage of the mode suppression techniques described herein
is that they allow an electronic gas meter incorporating at least one of
the described arrangements , to be calibrated using air prior to insertion
into a gas pipeline. With traditional, prior art arrangemets, this
technique has lead to mis-calibration due to the modal response of
ultrasound in a combustible gas, such as "natural gas", being different to
that of air. In such situations, the different modal response results in a
different time of detection of the received burst of ultrasound. With the
modal reponse substantially reduced in accordance with the principles
described herein, the detection times are consistant for gases. The
foregoing describes only a number of embodiments of the present invention
and modifications, obvious to those skilled in the art can be made thereto
without departing from the scope of the present invention.    - 12- CLAIMS
1.     A fluid flow measurement system comprising a duct for carrying a
fluid, the duct having two transducers spaced apart therein to define a
fluid flow measurement portion therebetween, wherein the measurement
portion is adapted to control effects of non-fundamental acoustic modes on
a signal received by at least one of the transducers without substantially
altering an effect of a fundamental acoustic mode on said signal. 2.     A
system as claimed in claim 1 wherein said measurement portion is adapted to
modify the transverse cross-section through which said fluid can flow, as
compared to those parts of the duct beyond said transducers, to control the
propagation between said transducers of said non-fundamental acoustic
modes, to thereby reduce their effect as received by said one transducer,
said propagation being suppressed by decreasing the speed of said
non-fundamental acoustic modes or by modifying their phase relationships.
3.     A system as claimed in claim 2 wherein the speed of the fundamental
acoustic mode is not decreased, and the effects of the non-fundamental
acoustic modes is reduced by decreasing their net contribution upon a
signal amplitude received by said one transducer. 4.     A system as
claimed in claim 1, 2 or 3, wherein said measurement portion has 



at least one obstruction located in the duct whereby fluid in the duct can
flow thereabout, the obstruction having a shape and being so located within
the duct to control effects of the non-fundamental acoustic modes. 5.     A
system as claimed in claim 4, wherein each said obstruction is positioned
centrally within the duct. 6.     A system as claimed in claim 4 or 5,
wherein each said obstruction is fluid dynamically shaped to reduce a
change in fluid pressure thereabout. 7.     A  system  as claimed in claim
6, wherein each said obstruction has a substantially smooth surface within
the measurement portion and is configured to substantially reduce fluid
pressure drop within the measurement portion. 8.     A system as claimed in
claim 7, wherein said obstruction is selected from the group consisting of
an ellipsoid, and an object formed from a cone and a hemisphere having its
circular face joined to the base of said cone.    - 13 - 9.     A system as
claimed in any one of the preceding claims, wherein at least a section of
the measurement portion is shaped to have an augmented, non-circular
transverse cross-section configured to control effects of the
non-fundamental acoustic modes. 10.    A system as claimed in claim 9,
wherein said duct at said section of said measurement portion has at least
two interconnecting wall portions, at least one of the wall portions being
curved, and at least one other wall portion being substantially non-
curved. 11.    A system as claimed in claim  10, wherein the curved wall
portion(s) are selected from the group consisting of a partial ellipse, a
partial circle, a parabola, a hyperbola, a cycloid, a hypocycloid, and an
epicycloid, and the substantially non-curved wall portion(s) are straight.
12.    A system as claimed in claim 11, wherein interconnections between
the wall portions are integrally formed. 13.    A system as claimed in
claim 9, 10, 11 or 12 when dependent on claim 4, wherein at least one of
said obstructions is located within said section of said measurement
portion. 14.    A system as claimed in any one of claims 9 to 13, wherein
said duct at said section has an interior surface that includes
irregularities configured to suppress effects of said non-fundamental
acoustic modes. 15.    A system as claimed in claim 14, wherein said
irregularities comprise grooves formed in, or a roughening of, said
interior surface. 



16.    A system as claimed in claim 1, wherein the measurement portion
comprises a cylindrical duct and at least one fluid dynamically shaped
obstruction located centrally therein. 17.    A system as claimed in claim
16, wherein said obstruction(s) is an ellipsoid and disposed between the
transducers centrally in the duct along its principal axis, thereby
resulting in the cross-section being annular about the obstruction and
wherein the width of the flow passage between the duct walls and the
obstruction varies along the obstruction.    - 14- 18.    A system as
claimed in claim 16, wherein an inner surface of the duct forming the
measurement portion is roughened, said roughened inner surface acting to
control effects of non-fundamental acoustic modes received by at least one
of the transducers. 19.    A system as claimed in claim 1, wherein the
measurement portion has a shape which is non-circular in transverse
cross-section in combination with at least one fluid dynamically shaped
obstruction disposed in the measurement portion, the combination being
adapted to control effects of non-fundamental acoustic modes received by at
least one of the transducers. 20.    A  fluid flow measurement system
substantially as described herein with reference to Fig. 6, or Fig. 7, or
Fig. 15A, or Fig. 15B of the drawings. 21.    A  fluid flow  measurement
system  substantially as described herein with reference to any combination
of two or more of Figs. 6, 7, 15 and 15B of the drawings.    


