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57 ABSTRACT 
Method and apparatus for the measurement of fluid 
flow velocities for instance in a slurry transport conduit, 
in which pulse signals are sent through the fluid by pairs 
of transmitting and receiving transducers, the pulses 
having such time separation that standing waves caused 
by reflection fade out within the time separation, and 
using side band techniques and correlation techniques. 

16 Claims, 4 Drawing Figures 
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1. 

METHOD AND APPARATUS FOR THE 
MEASUREMENT OF FLUID FLOW WELOCITIES 

The present invention relates to a method and an 5 
apparatus for the measurement of fluid flow velocities, 
for instance in a slurry transport (mixture liquid/solid 
material) or in a pneumatic transport (dry gas/solid 
material), but also for the measurement of the velocity 
of a liquid or gas and mixtures thereof. O 

In a known device, disclosed in the British Patent 
Specification No. 1,359,151 at least two transmitter 
transducers, situated at a predetermined mutual distance 
seen in the flow direction of the fluid, transmit signals 
through said fluid to at least two receiver transducers, 15 
also situated at a predetermined mutual distance seen in 
the flow direction of the fluid, in which each receiver 
transducer receives mainly the signal from the associ 
ated transmitting transducer and in which the signals 
supplied by the receiver transducers are correlated, in 
order to determine the fluid flow velocity. 

In a slurry-transport in dredger conduits irregularities 
occur continuously in the flowing fluid, such as wor 
texes in the water carrying the sand and sludge or other 
material. Moreover this carried material will not be 25 
divided evenly, but will appear as clouds, which contin 
uously chang in composition and shape. 
The signals transmitted by the transmitter transducer 

through this mixture are modulated continuously by 
said irregularities between the transmitter transducers 
and receiver transducers and these irregularities can be 
used after demodulating the received signal by means of 
cross correlation methods for the measurement of the 
travel velocity of the mixture. In case the distance in the 
flowing direction of the mixture between the transduc- 35 
ers is sufficiently small, said irregularities will have 
changed to a very small extent only, so that by compar 
ing the demodulated signals from the two receiver 
transducers by the said cross correlation method, it is 
possible to determine the time which the mixture needs 
to travel between the pairs of transducers, from which 
the fluid flow velocity can then be calculated. 

In the method known from above said British Patent 
Specification use is made of a continuous signal trans 
mitted by the transmitter transducer, from which signal 45 
is separated the amplitude modulation by detection, 
which modulation is then used for correlation. 

After thorough research it appeared, that such con 
tinuous signal often results in an interference pattern of 
standing waves in the dredger conduits. In particular in 50 
the case of small conduit diameters and low specific 
mass such interference patterns can be very detrimental 
for the correlation measurement. Because this interfer 
ence pattern is determined also by the mixture and need 
not be the same for the pair of transducers (transmitter/- 55 
receiver) this phenomenon has not been recognized as 
an unwanted interference. 

Therefore one of the main objects of the present 
invention is to remove the results of the received signals 
from the interference patterns of standing waves. 
According to the present invention the above object 

is reached by transmitting pulse-shaped signals by the 
transmitter transducers having such mutual time separa 
tion, that within this time separation standing waves 
caused by reflections will nearly completely fade out. 65 

In order also to exclude from the velocity measure 
ment interference patterns generated by pulse-shaped 
signals of too long duration, preferably samples are 

40 

60 

2 
measured only of the signal received by the receiver 
transducer as soon as possible after reception by the 
receiver transducer of the front edge of the transmitter 
signal. 

In connection with the desired equivalence of the 
two signal processing channels, each comprising a 
transmitter transducer and a receiver transducer, pref. 
erably use is made of the same frequency for these two 
channels. In order to avoid cross talk between the signal 
processing channels the pulse-shaped signals are trans 
mitted according to the present invention by the one 
transmitter transducer within a time separation between 
the pulse-shaped signals of the other transmitter trans 
ducer, in which the time separation between pulses of 
different transmitter transducers has been chosen such, 
that within this time separation standing waves caused 
by reflections will fade out nearly completely. 

In order to avoid loss of information upon using 
pulse-shaped signals, the pulse repetition rate will be at 
least two or three times as high as the highest frequency 
which after demodulation of the received signal 
supplies information as to the velocity of the fluid. 
Other signals which may be detrimental for the mea 

surement are caused by collisions of for instance sand 
grains against the transducers and against the walls of 
the fluid conduits. These signals form a nearly continu 
ous noise spectrum, extending from a very low fre 
quency to very high frequencies, containing the opera 
tion range of frequencies used in the present invention, 
which means the range at both sides of the frequency 
signal transmitted by the transmitter transducer, which 
can be regarded as a carrier wave and hence also the 
side bands of the modulation signals at both sides of this 
carrier frequency signal. 
This broad band noise will change continuously from 

location to location and will not appear in the form of a 
pattern carried by the current, such as the above said 
vortexes, so that this noise cannot be used for signals to 
be correiated. 
As far as there is anything to be correlated in this 

broad band noise, this signal mainly will carry informa 
tion concerning the water layers passing directly in 
front of the receiver transducers and not across the total 
cross section of the conduit, because of the increasing 
attenuation, depending on the distance before the head 
of the receiver transducer. The amplitude of this noise 
yet may be strong enough, so that in a broad range on 
both sides of said carrier signals side bands will occur, 
which may conceal the useful signals. This broad band 
noise is present all the time and independent of the 
transmitted send signal. 
The interference caused by this broad band noise can 

be reduced considerably by sampling the received sig 
nal immediately before and immediately after the front 
edge of the transmitted pulseshaped signal reaches the 
receiver transducer and by using a sufficiently small 
distance between these samples. 
As remarked above in the method known from said 

British Patent use is made of the amplitude modulation 
of the signal transmitted by the transmitter transducer 
brought about by the physical phenomena in the mov 
ing fluid, which signal as far as the receiver transducer 
is concerned can be seen as a carrier wave. 

It appeared that this amplitude modulation forms 
only a part of the total influence exerted on the carrier 
wave by the fluid. 
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When an acoustic wave is transmitted across a slurry 
stream, the acoustic results thereof will be the follow 
ing: 

(1) water vortexes will exert upon the acoustic veloc 
ity of the crossing acoustic wave an accelerating or 
delaying influence. By Doppler-phenomena increase 
and decrease of frequencies will result, which means 
side bands above and below the transmitted carrier 
wave frequency. 

(2) Sand clouds and/or slurry clouds possibly carried 
along will inter alia cause a more or less strong attenua 
tion of the crossing ultrasonic audio wave, which means 
also that additional side bands will be added. 
The vortexes and sand clouds or slurry clouds are 

carried on by the water stream and will change only 
little over a sufficiently small distance between the pairs 
of transducers and therefore will be sufficiently useful 
as sources for signals to be correlated for velocity mea 
surement. 
The frequencies of the side bands caused by the vor 

texes mainly are dependent on the velocity of the 
pumped mixture, the pipe cross section and the dimen 
sions (cross section) of the receiving transducers. Theo 
retically all frequencies will occur from zero to infinite. 
The reasonably workable signals are provided, how 
ever, by the smallest vortexes which can be ascertained. 
These vortexes will have a diameter which is as large as 
the cross section of the receiver transducers, which 
means a few centimeters. This means that alternately an 
accelerating and a delaying crossing path for the acous 
tic wave will occur having a thickness equal to the cross 
section of the receiver transducer. When this pattern 
passes with the highest velocity to be measured, which 
means practically 10 meters per second, this will result 
in a maximum processing frequency, which also can be 
termed the deviation frequency such as in FM tech 
niques. This deviation frequency can be computed as 
follows: 

Herein is 
fh=maximum frequency in Hz 
m= maximum flow velocity (10 m per second) 

d = diameter of the receiver transducer (3 cm) 
From the above formula it appears, that upon using 

the said values for the velocity and diameter the maxi 
mum frequency to be measured will be about 160 Hz. 
Using this frequency the carrier wave can be shifted to 
an upper side band and to a lower side band with re 
spect to the frequency position of the carrier wave 
transmitted by the transmitter transducer. This mecha 
nism can be compared also with a tape recorder, in 
which the highest frequency depends on the head slit 
and the tape velocity. 
The frequency distance of these side bands up to the 

position of the carrier wave frequency depends on the 
velocity component of the vortexes in the direction of 
propagation of the audio signal, which means perpen 
dicular to the flow direction. 
The most extreme situation will occur in case the 

vortex components in the direction of the audio ray are 
equal to the velocity in the conduit and in the same 
diection or in the opposite direction. This will result in 
that the audio velocity V of the crossing wave in case of 
a flow velocity of 10 m per second will vary from 

O 

15 

25 

30 

35 

45 

50 

55 

60 

65 

4. 
1500-10 to 1500-10 m per second (the audio velocity 
in water being estimated as 1500 m per second). 

In case the length of the crossing path is 1 and the 
transmitted frequency f within this path, there will be 
1/vXf waves varying in number 20/1500. This varia 
tion may occur in 1/400 second. 
Approximately this is the time duration of half a per 

iod offh. This means that in the case of a conduit diame 
ter of 150 mm and a carrier wave having a frequency of 
0.25 MHz there will be a deviation of 
400X20/1500X 1/vX f= about 130 Hz. 

This is an extreme situation which does not occur 
continuously, but this gives an idea of what might oc 
cur. Despite the fact that the vortexes influence the 
received frequency this should not be seen as frequency 
modulation in the usual sense of this term. In the mecha 
nism which is working here, in principle there is no 
relation between the upper side band and the lower side 
band. Considerable differences may occur between 
these side bands, because the vortexes almost never will 
be purely symmetrical. The side bands are generated 
mutually independent and preferably should be repro 
duced and processed separately in the receiver. 
The variable attenuation of the crossing ultrasonic 

audio wave by the sand clouds and slurry clouds will 
result in a sort of amplitude modulation. Because more 
over by the presence of sand and slurry the physical 
characteristic of the fluid will change, thus also will 
change the propagation velocity of the audio and this 
also will result in a particular pattern of side bands 
having no symmetrical character. This can be regarded 
as a sort of frequency modulation. 

Because the pattern of side bands for said reason will 
not be symmetrical preferably a single side band tech 
nique will be used. 
The presence of all above information carrying sig 

nals is positively tied to the presence of a transmitted 
carrier wave, because the influence upon this carrier 
wave will result in the generation of said side bands. In 
contradistinction the broad band noise mentioned be 
fore will be present always and will be independent of a 
transmitted transmitter signal. 

Therefore, in a further preferred method for the mea 
surement of the fluid velocity, the upper side bands 
and/or lower side bands will be separated from the 
signals received by the receiver transducer with respect 
to the carrier wave transmited by the transmiter trans 
ducer and for the correlation use will be made of pairs 
of two thus-formed upper side bands and/or lower side 
bands. 

FIG. 1 is an overall diagram of the present invention; 
FIG. 2 shows a schematic block diagram of a device 

of the present invention, with the exception of the cor 
relation device and the delay device; 
FIG. 3 shows in a time diagram signals appearing in 

different points of the circuit of FIG. 2. The horizontal 
axis forms a time scale, in which 1 cm corresponds with 
about 100 usec.; 
FIG. 4 shows a schematic block diagram of the cir 

cuit for separating the side bands. 
In principle a device for the measurement of the flow 

velocity of a fluid will consist of four parts shown in 
FIG. 1: 

(1) the take up part, consisting of a transport conduit 
70 having diametrically place transmitting and receiv 
ing transducers 10, 11 and 12, 13 respectively, trans 
forming electrical signals into ultrasonic audio vibra 
tions and then into electrical signals again. 
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(2) the pre-processor 71, supplying the electrical sig 
nals to the transmitting transducer 10 and 11 and pro 
cessing the electrical signals received by the receiver 
transducers 12 and 13 in such a way that signals to be 
correlated are generated. 5 

(3) the cross correlator 72, performing the measure 
ment between the correlatable signals supplied by the 
pre-processor 71. 

(4) a display device 73, displaying in an analogue or 
digital way the ascertained velocity. 10 
The pre-processor 71 shoudl fulfill a number of con 

ditions in order to perform the method of the present 
invention. 

In order to exclude the standing wave patterns pulse 
shaped signals should be used in the conduits. After 15 
each signal pulse reflections should fade out before the 
following signal pulse is transmitted. Because of the 
necessary equality of the signal processing channels 
these preferably work at the same frequency. In order 
to avoid cross talk the pulses should be transmitted 20 
alternately by the transmitter transducer. The measure 
ments then will be a sampling process of the results 
obtained per pulse-shaped signal. In order not to avoid 
loss of information the repetition rate should at least be 
twice or three times as high as the highest frequency 25 
which may occur as useful information. 
Moreover, the information containing signals should 

be separated as much as possible from the broad band 
noise signals generated in the transport conduit itself. 
Because as above said, there is no relation between the 30 
upper side bands and the lower side bands the receiver 
system should be designed as a true single side band 
receiver. Using the above values for the conduit diame 
ter, transducer diameter and flow velocity, the low 
frequency band width should extend between 2 and 150 35 
Hz. 

Because the pre-processor is followed by the cross 
correlator 72, which is adapted to ascertain all repeating 
phenomena, all dependent phenomea should be defined 
completely, so that no jamming time functions will 40 
reach the correlator. In accordance with the above 
criteria the pre-processor according to the invention 
will have to satisfy the following requirements: 
The signal transmitted by the transmitter transducer 

in the first instance is generated by a generator having a 45 
frequency which is four times as high as the frequency 
of the signal transmitted by the transducers. This alter 
nating voltage of about 1 MHz is divided by four by 
means of two D-flipflops. The following voltages will 
be obtained by a suitable combination of the signals 50 
generated thereby: 

(1) a staircase voltage of the desired frequency, 
adapted to control the transmitter output stage 
through a simple low pass filter; 

(2) two block voltages having a mutual phase shift of 55 
90, which can be used as reference control signal 
for the multiplying stages in the receiver. 

The device known from above said British Pat. No. 
1,359,151, comprises generally at least two transmitter 
transducers, located behind one another in the flow 60 
direction of the fluid, two receiver transducers, also 
located behind one another in the flow direction of the 
fluid, each mainly intended for receiving signals trans 
mitted by an associated transmitter transducer and influ 
enced by the medium, and correlation means connected 65 
with the receiver transducer, in order to derive the fluid 
flow velocity from the time difference between the 
signals supplied by the receiver transducer. 

6 
The device of the present invention is characterized 

by means for separating an upper side band and/or a 
lower side band from signals supplied by each transmit 
ter transducer with respect to the signals transmitted as 
a carrier wave by the transmitter transducer in the fluid 
and means for supplying to the correlation means the 
two thus-separated upper side bands and/or lower side 
bands, in order to determine the fluid velocity from 
their time difference. 

Preferably the above device comprises means for 
supplying to the transmitter transducer pulse-shaped 
signals having such mutual time separation, that be 
tween the pulses all standing waves caused by reflec 
tions will die down. 
Moreover, the means for transmitting the pulse 

shaped signals are designed such, that the transmitter 
transducer will transmit a pulse-shaped signal alter 
nately. 

Preferably the device of the present invention com 
prises: 

pulse generator means for supplying to two separate 
gate pulse conductors, one for each signal processing 
channel, gating pulses, the duration of which corre 
sponds with that of the pulse-shaped signals transmitted 
by the transmitter transducers, which pulses are sup 
plied alternately to gate pulse conductors of each signal 
processing channel; 

oscillator means for generating two carrier wave 
signals having equal frequency but a phase difference of 
90, in which a separate one of these two carrier wave 
signals is supplied to each signal processing channel; 

first gate means in each signal processing channel, 
comprising two inputs, one of which is connected with 
the gate pulse conductor for receiving the gate pulses, 
the other input being connected with the oscillator 
means for receiving the carrier wave signals, the output 
signal consisting of a carrier wave signal pulse train, 
supplied to the transmitter transducer in the signal pro 
cessing channel; 
two product detectors in each signal processing chan 

nel, each first input of which receives signals supplied 
by the receiver transducer, each second input of which 
receives the carrier wave signal, however, with a phase 
shift of 90° between the signals for each second input of 
these two product detectors; 

90° phase shift means connected with the output of 
each of the product detectors; 

signal adding means, supplying the sum signal of the 
output signal from a product detector and the 90' 
shifted output signal of the other product detector, 
which sum signal corresponds with one side band of the 
signal demodulated by the product detectors; 

signal subtracting means, supplying the difference 
signal of the output signal from a product detector and 
the 90 shifted output signal from the other product 
detector, which difference signal corresponds with the 
other side band of the signal demodulated by the prod 
uct detectors; 

first delay means in each signal processing channel, 
the input of which receives gate pulses, the output sup 
plying a first sample control signal having such a time 
delay, that the first sample control signal will appear 
immediately before the reception by the receiving trans 
ducer of the front edge of the pulse-shaped carrier wave 
signal; 
second delay means in each channel, the input of 

which receives the gate signals, the output supplying a 
Second sample control signal having such a second time 
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delay, that the second sample control signal will appear 
immediately after the reception by the receiver trans 
ducer of the front edge of the pulse-shaped carrier wave 
signal; 

four sample hold means in each signal processing 5 
channel, one pair of which receives the output signal of 
the first product detector and the other pair of which 
receives the output signal of the second product detec 
tor, one of the sample hold means of each pair also 
receiving the first sample control signal and the other of 10 
the sample hold means of each pair also receiving the 
second sample control signal; 

subtracting means for each pair of sample hold 
means, supplying the difference between the output 
signals of the pairs of sample hold means, which differ 
ence contains nearly exclusively information concern 
ing the modulation of the carrier wave signal in the 
fluid; 

third delay means in each signal processing channel, 
the input of which receives gate signals, the output 
supplying a third sample control signal, having such a 
third time delay, that this third sample control signal 
appears after the front edge of the difference output 
signal supplied by the subtraction means; 
two further sample hold means in each signal process 

ing channel, one input of which receives the third sam 
ple control signal, the other input of each of the sample 
hold means being connected with one of the subtracting 
means, such that the sample hold means exclusively 
supply a signal corresponding with the pure difference 
signal of each of both subtraction means. 
The output of each product detector is connected to 

a low pass filter having such a rise time, that this filter 
can readily follow the information contents of the prod 
uct detector output signal and in which each third sam 
ple hold circuit is connected with a band filter, passing 
exclusively signals containing information concerning 
the modulation imparted to the carrier wave signal by 
the medium. 
The invention will now be further elucidated by 

means of the drawings, showing embodiments of a de 
vice according to the present invention. 

In the receiver, receiving the signals from the re 
ceiver transducers, preferably use is made of multiply 
ing synchronous detectors or product detectors, supply 
ing as output signal the product of the input signals, 
which are the signals of the differential frequency of 
beat frequency and with instantaneous amplitude, de 
pending on the instantaneous phase difference between 
both these input signals. These product detectors are 
followed by low pass filters, having a maximum pass 
frequency of about 3500 Hz, said filters also having a 
rise time of about 100 micro seconds. 
The dimensions of the receiver transducers limit, as 

explained above, the signals relating to the mixture 
velocity to the said processible frequencies of about 160 
Hz. This means, that the information contents of a par 
ticular kind within the rise time of this low pass filter 
and having a maximum frequency of 3500 Hz cannot or 
hardly change. It is especially to be noted, that the 
above said values, such as dimensions, numbers, fre 
quencies, and times relate to an example tested in prac 
tice, the satisfactory operation of which has been 
proved in a dredger conduit having a cross section of 
150 mm. 
The block generator 1 in FIG. 2 generates symmetri 

cal, staircased signals in counterphase, having a fre 
quency of 500 Hz, in FIG. 3 shown on lines a and b. At 
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each turnover or step of these signals, a trigger signal is 
sent to the monostable circuit 2, vide FIG. 3, line c, 
which monostable oscillator 2 as a result supplies a 
pulse having a length of about 300 micro seconds, vide 
lined in FIG. 3. This pulse is combined in the “AND”- 
gates 3 and 4 with signals from oscillator 1, Gates 3 and 
4 supply as a result alternately a signal of 300 micro 
seconds via the gate pulse lines 5 and 6 to both signal 
processing channels, vide FIG. 3, linese and f. 
The high frequency oscillator 7 generates an alternat 

ing voltage of about 1 MHz, which after division by 
four results in a frequency of 250 KHz, supplied in both 
outputs, however, having a mutual phase difference of 
90. These two signals are fed respectively to the inputs 
of the transmitter output amplifiers, 8 and 9 respec 
tively. 
The pulses on lines 5 and 6 (e, f) will open the trans 

mitter output amplifiers 8 and 9 for about 300 milli 
seconds, within which the amplified signals from oscil 
lator 7 are supplied to the transmitter transducers 10 and 
11. 
Given a pipe diameter of 150 mm and an acoustic 

velocity in water of 1500 m per second, the crossing 
time for an acoustic wave will be 100 micro seconds. To 
that should be added the travel time of the signal 
through the transducers, which for each transducer is 
about 5 micro seconds. The total time between the 
electrical transmission and the electrical reception is 
therefore 110 micro seconds. 
The wave trains shown on lines g and h in FIG. 3, 

transmitted by the transmitter transducers 10 and 11, 
reach the receiving pre-amplifiers 14 and 15 respec 
tively, vide FIG. 3, lines j and k, after a delay of 110 
micro seconds through the receiver transducers 12 and 
13. 
The amplified received signals from the pre-amplifi 

ers 14 and 15 are supplied to the product detectors 16, 
17 and 18, 19 respectively, each followed by its own loss 
pass filter 20, 21 and 22, 23 respectively, having a cut off 
frequency of about 3500 Hz, as said above, correspond 
ing with a rise time of about 100 micro seconds. Ex 
plained in a more simple way this means, that this filter 
at each moment will deliver a signal voltage, which is 
the average of what has been received within the pre 
ceding 100 micro seconds. 
As remarked above after each receiver pre-amplifier 

14 and 15 two parallel product detectors 16, 17 and 18, 
19 are used, receiving the signals mutually phase-shifted 
90, having a frequency of 250 KHz. Then follow two 
parallel branches in which these signals having a mutual 
90° phase shift remain intact. This is done to obtain 
separate upper side bands and lower side bands, as will 
be explained later on. 
The signals in the gate pulse lines 5 and 6, shown on 

linese and f of FIG. 3, are supplied to delay circuits 24, 
25. These consist of monostable multivibrators, trig 
gered by the front edge of signals e, f and returning after 
a delay time of 95 micro seconds, supplying in turn a 
trigger signal to the monostable multivibrators 26 and 
28 respectively, each generating a pulse of 6 micro 
seconds. These pulses are supplied to sample hold cir 
cuits 28, 30 and 32, 34 respectively. During this pulse 
time of 6 micro seconds the opened sample hold circuits 
Sample the signals supplied by filters 20, 21 and 22, 23 
respectively. The valve thus obtained remains present 
and constant in the output of each sample hold circuit 
until replacement by the next sample. 



4,555,947 
9. 

The delay time of 95 micro seconds has been chosen 
such, that the trigger pulse on line mappears just before 
the reception of the front edge of the received signals, 
vide lines j, k in FIG. 3, in the product detector 16, 17 
and 18, 19 respectively. The signal thus obtained in the 
sample hold circuits therefore contains information 
relating only to the broad band noise, hence without the 
side bands resulting from modulation of the carrier 
wave in the fluid. 
The signals e and fin lines 5 and 6 are supplied next 

to delay circuits 36 and 37, each followed by a multivi 
brator 38, 39. The delay circuits 36 and 37 will be trig 
gered by signals e and f and generate a pulse having a 
length of 250 micro seconds. At the moment of appear 
ance of the trailing edge of this pulse, vide line p, the 
monostable circuits 38 and 39 are triggered, each sup 
plying again a pulse having a duration of 6 micro sec 
onds. As shown in FIG. 3 these last pulses appear on 
line q after the front edge of the signal received by th 
product detectors, vide line j. 

110 Micro seconds after the front edge of the trans 
mitted pulse, line g, the desired side band information 
will arrive in the filters 20, 21 and 22, 23 respectively 
mixed with broad band background noise. In order to 
obtain the desired information at the output of said last 
mentioned filters there must be a delay of at least the 
rise time of these filters, which means at least 100 micro 
seconds. This has been taken into account upon select 
ing the length of the delay time of the delay circuits 36 
and 37 of 250 micro seconds, vide line p. 
The output signals of filters 20, 21 and 22, 23 respec 

tively are supplied to sample hold circuits 29, 31 and 33, 
35 respectively, which then from that moment will 
supply a signal consisting of broad band noise plus the 
desired side band information. These signals are sup 
plied to the differential amplifiers 40, 41 and 42, 43 
respectively, supplying the difference between the out 
put signals of the sample hold circuits 28, 30, 32, 34 on 
the one hand and 29, 31, 33, 35 on the other hand. The 
differential signals of these differential amplifiers con 
tain after a transient time information concerning sub 
stantially only the desired side bands. The broad band 
noise signals are cancelled out here. 
The output signals of these differential amplifiers are 

supplied again to further sample hold circuits 44, 45 and 
46, 47 respectively. These sample hold circuits are con 
trolled again by trigger signals from the multivibrators 
50 and 51 having a length of 6 micro seconds, which 
each are controlled in turn by delay cicuits 48, 49, each 
having a delay of 400 micro seconds. This time delay is 
of sufficient length that the differential amplifiers have 
reached a stable condition after the last transient signals. 
Hence the sample hold circuits 44, 45 and 46, 47 respec 
tively supply pure signals containing information of the 
side bands, each from an upper side band as well as from 
a lower side band. 
The output signals from the sample hold circuit 44, 45 

and 46, 47 respectively are supplied to band pass filters 
52, 53 and 54, 55 respectively, having a pass band of 
2-50 Hz. 
These filters are followed by circuit parts 56-67, 

separating and amplifying the upper side bands and 
lower side bands, such that the amplifier outputs 66 and 
67 supply four signals having different information con 
tents, which can be supplied to the cross correlation 
circuits. Hereafter the operation of these separating 
circuits will be elucidated further, vide FIG. 4, in which 
the same reference numbers are used for corresponding 
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parts as in FIG. 2. In order not to overload this FIG. 4 
it shows the necessary parts only. 

In FIG. 4 reference number 7 refers to oscillator 7 in 
FIG. 2, generating two signals having a frequency of 
250 kHz, mutually phase-shifted over 90'. These two, 
90° phase-shifted signals are supplied again to mixer 
circuit 16, 17. The output signals from these mixer cir 
cuits reach, after passing different blocks, the outputs of 
the filters 52 and 53, not shown here. In the intermediate 
blocks these signals are sampled only, but this is not of 
importance for the operation of the said band separa 
t1O. 

In addition to the useful signal, mixer circuit 16 also 
receives the signal from the oscillator 7 without 90 
phase-shift, whereas the mixer stage 17 receives the 
signal with a 90° phase-shift. 
The mixer stage 17 is followed in the circuit of FIG. 

4 by a phase-shift circuit imparting an additional phase 
shift of 90 to the output signal of the second mixer 
stage 17. The signals thus obtained are supplied next to 
the adding circuit 60 and to the subtracting circuit 61 
respectively. The adding circuit supplies a signal s, the 
subtracting circuit the signal v. 

This circuit operates as follows: 
First an upper side band will be considered, which 

means a received signal of frequencies which are a little 
higher than the carrier wave or the reference, followed 
by a lower side band having frequencies which are a 
little lower than this carrier wave or reference. 
(A) Reception of the upper side band 
The oscillator 7 supplies the reference signal 
01=cos cy. 
02=cos(a--90) 

Reception of signal E, a little higher in frequency than 
the oscillator, hence: 

The first mixer stage 16 supplies: 

M = E X 01 = cos (a + 8) X cos a 
= 0.5 cos (2a -- 6) -- 0.5 cos 

and because of the low pass filter 20: 
M1 =0.5 cos 6 
The second mixer stage 17 supplies: 

M2 = E X 02 = cos (a -- 6) x cos (a + 90) 
= 0.5 cos (2a -- 90 -- 8) -- 0.5 cos (8 - 90) 

and because of filter 21: 
M2=0.5 cos (8-90) 
M2 will have a 90 additional phase shift, hence: 
M2' = 0.5 cos 8 
S= M1-M2' = cos 8, hence the single upper side 
band 

V= M1-M2'=0, hence no output, from the upper 
side band 

(B) Reception of lower side band 
The oscillator 7 supplies the reference signal: 
01=cos or 
02=cos(a--90) 

Now is received signal E, which is a little lower in 
frequency than the oscillator, hence: 
E=cos (a, -y) 
The first mixer stage 16 supplies: 

M1 = E X 01 = cos (a - y) X cos a 
= 0.5 cos (2a - y) + 0.5 cos 
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and because of the low pass filter 20: 
M1 =0.5 cosy 
The second mixer stage 17 supplies: 

M2 = E X 02 = cos (a - y) X cos (a + 90) 
= 0.5 cos (2a -- 90 - y) -- 0.5 cos (y -- 90) 

and because of filter 21: 
M2=0.5 cos (y--90) 

M2 will have a 90 additional phase shift, hence: 10 
M2' =0.5 cos (y-180) = +0.5 cosy 

Hence: 

The above shows that the lower side band will result 
in a signal only in the output V and not in S. Thus this 
circuit offers the possibility of separate reception of 
upper side band and lower side band in the outputs S 
and V respectively. 
A phase shift of 90 over the desired band of 2-150 2O 

Hz cannot be realized physically by means of a filter. 
Instead two filters can be used, giving a mutual differ 
ence in phase shift of 90 over a large frequency range. 
The filters 52 and 54 are followed therefore by the 

broad band phase shift filters 56, 58 respectively, 
whereas the filters 53 and 55 are followed by filters 57 
and 59 respectively, giving an additional 90 phase shift. 
The signals from the filters 56 and 57 supply, adding in 
the added circuit 60 the upper side band and subtracting 3O 
in the subtracting circuit 61 the lower side band. The 
same applies to the other reception channel. The adding 
circuit 62 supplies the upper side band the subtracting 
circuit 63 the lower side band. 

The upper side bands and/or lower side bands can be is 
selected by means of switches 64 and 65 in order to be 
applied by means of amplifiers 66 and 67 to a cross 
correlator 72 in FIG. 1 for further porcessing and dis 
playing the fluid velocity by means of the display circuit 
73. 
By using the upper side bands and lower side bands 40 

separately and two signal processing channels, each 
comprising a transmitter transducer and a receiver 
transducer, the same effect can be obtained as with four 
signal processing channels without using side band sep- 45 
aration techniques. 
By using the above discussed circuit a high reliability 

and accuracy of the velocity measurement can be ob 
tained, which experimentally appears to be within 2%. 
The background noise is suppressed very strongly and 50 
errors resulting from standing waves are nearly com 
pletely absent. 

I claim: 
1. In a method for the measurement of fluid flow 

velocities, in which at least two transmitter transducers, 55 
situated at a predetermined mutual distance seen in the 
flow direction of the fluid, transmit to at least two re 
ceiver transducers, also situated at a predetermined 
mutual distance seen in the flow direction of the fluid, in 
which each receiver transducer receives mainly the 60 
signal from an associated transmitting transducer and in 
which the signals supplied by the receiver transducers 
are correlated, in order to determine the fluid flow 
velocity; the improvement comprising transmitting 
from the transmitter transducers pulse-shaped signals 65 
having such mutual time separation, that reflections 
caused by standing waves nearly completely fade out 
within this time separation. 
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2. Method as claimed in claim 1, in which the pulse 

shaped signals are transmitted by the one transmitter 
transducer within a time separation between the pulse 
shaped signals of the other transmitter transducer, the 
time separation between pulses of different transmitter 
transducers being such, that within this time separation 
standing waves caused by reflections fade out nearly 
completely. 

3. Method as claimed in claims 1, in which during 
each pulse a signal train is transmitted having equal 
frequencies for all pulses of both transmitter transduc 
eS. 

4. Method as claimed in claim 1, and first sampling 
the signals received from the receiver transducer imme 
diately before reception of the pulse signals transmitted 
from the transmitter transducer by the receiver trans 
ducer, whicih first sample contains information concern 
ing only the signals generated in the fluid itself, deriving 
a sample signal from this first sampling, which signal is 
stored in a hold circuit, secondly sampling the signals 
received by the receiver transducer after reception of 
the signals generated by the transmitter transducer, 
which signals apart from information generated within 
the fluid also contain information of the signal gener 
ated by the transmitter transducer and influenced by the 
medium, deriving from this second sampling a second 
sample signal, which is stored in a hold circuit and 
subtracting the thus obtained two sample signals from 
one another, so that only the useful signal remains, 
containing information concerning the signal received 
from the transmitter transducer and influenced by the 
fluid. 

5. Method as claimed in claim 4, in which the first and 
second samplings succeed each other so fast, that nearly 
no change of the broad band noise signal occurs within 
this short time. 

6. Method as claimed in claim 1, in which upper side 
bands and/or lower side bands are derived from the 
signals supplied by the receiver transducers with re 
spect to the carrier wave signals transmitted by the 
transmitter transducer and two such obtained upper 
side bands and/or lower side bands are used for the 
correlation process. 

7. Method as claimed in claim 6, in which for each 
channel the upper side band as well as the lower side 
band are separated, each channel being formed by one 
transmitter transducer and one associated receiver 
transducer and in which the upper side bands of the 
signal processing channels and the lower side bands of 
the signal processing channels respectively are corre 
lated. 

8. In a device for the measurement of fluid flow ve 
locity, comprising at least two transmitter transducers, 
situated behind one another in the medium flow direc 
tion, two receiver transducers, also situated behind one 
another in the fluid flow direction, each receiver trans 
ducer receiving from an associated transmitter trans 
ducer, and correlation means connected with the re 
ceiver transducers, in order to derive the fluid flow 
velocity from the time difference between the signals 
supplied by the receiver transducers; the improvement 
comprising means for supplying to the transmitter trans 
ducers pulse-shaped signals having such mutual time 
separation, that within this time separation all standing 
waves caused by reflections will fade out. 

9. Device as claimed in claim 8, and means for sepa 
rating an upper side band and/or a lower side band from 
the signals received by each receiver transducer, with 
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respect to the signals transmitted as carrier wave by the 
transmitter transducer in the fluid, and means for apply 
ing two thus-separated upper side bands and/or lower 
side bands to the correlation means, in order to deter 
mine the fluid velocity from their time differences. 5 

10. Device as claimed in claim 9, and means for alter 
natively transmitting pulse-shaped signals by the two 
transmitter transducers. 

14 
the receiving transducer of the front edge of the 
pulse-shaped carrier wave signal; 

second delay means in each channel, the input of 
which receives the gate signals, the output supply 
ing a second sample control signal having such a 
second time delay, that the second sample control 
signal will appear immediately after the reception 
by the receiver transducer of the front edge of the 

11. Device as claimed in claim 9, comprising two 
signal processing channels, each having one transmitter 
transducer and one receiver transducer, and: 

pulse generator means for supplying to two separate 
gate pulse conductors, one for each signal process 
ing channel, gating pulses the duration of which 
corresponds with the pulse-shaped signals transmit 
ted by the transmitter transducers, which pulses are 
supplied alternately to gate pulse conductors of 
each signal processing channel; 

oscillator means for generating two carrier wave 
signals having equal frequency but a phase differ 
ence of 90, in which a separate one of these two 
carrier wave signals is supplied to each signal pro 
cessing channel; 

first gate means in each signal processing channel, 
comprising two inputs, one of which is connected 
with the gate pulse conductor for receiving the 
gate pulses, the other input being connected with 
the oscillator means for receiving the carrier wave 
signals, the output signal consisting of a carrier 
wave signal pulse train, supplied to the transmitter 
transducer in the signal processing channel; 

two product detectors in each signal processing chan 
nel, each first input of which receives signals sup 
plied by the receiver transducer, each second input 
of which receives the carrier wave signal, how 
ever, with a phase shift of 90 between the signals 
for each second input of these two product detec 
tors; 
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90 phase shift means connected with the output of 40 
each of the product detectors; 

signal adding means, supplying the sum signal of the 
output signal from a product detector and the 90' 
shifted output signal of the other product detector, 
which sum signal corresponds with one side band 
of the signal demodulated by the product detec 
tors; 

signal subtracting means, supplying the difference 
signal of the output signal from a product detector 
and the 90' shifted output signal from the other 
product detector, which difference signal corre 
sponds with the other side band of the signal de 
modulated by the product detectors. 

12. Device as claimed in claim 11, and: 
first delay means in each signal processing channel, 

the input of which receives gate pulses, the output 
supplying a first sample control signal having such 
a time delay, that the first sample control signal 
will appear immediately before the reception by 
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pulse-shaped carrier wave signal; 
four sample hold means in each signal processing 

channel, one pair of which receives the output 
signal of the first product detector and the other 
pair of which receives the output signal of the 
second product detector, one of the sample hold 
means of each pair also receiving the first sample 
control signal and the other of the sample hold 
means of each pair also receiving the second sam 
ple control signal; 

subtracting means for each pair of sample hold 
means, supplying the difference between the out 
put signals of the pairs of sample hold means, 
which difference contains nearly exclusively infor 
mation concerning the modulation of the carrier 
wave signal in the fluid. 

13. Device as claimed in claim 12, in which the sam 
ple control signals are of such short duration, that al 
most no change of the information contents of the signal 
supplied by the receiver transducer will occur within 
the duration of these signals. 

14. Device as claimed in claim 12, in which the first 
sampling control signal and the second sampling con 
trol signal are generated so soon after each other, that 
within this time almost no change will occur of the 
background broad band noise signal. 

15. Device as claimed in claim 13, and: 
third delay means in each signal processing channel, 

the input of which receives gate signals, the output 
supplying a third sample control signal, having 
such a third time delay, that this third sample con 
trol signal appears after the front edge of the differ 
ence output signal supplied by the subtraction 
means; 

two further sample hold means in each signal process 
ing channel, one input of which receives the third 
sample control signal, the other input of each of the 
sample hold means being connected with one of the 
subtracting means, such that the sample hold means 
exclusively supply a signal corresponding with the 
pure difference signal of each of both subtraction 
CS 

16. Device as claimed in claim 15, in which the output 
of each product detector is connected to a low pass 
filter having such a rise time, that this filter can readily 
follow the information contents of the product detector 
output signal and in which each third sample hold cir 
cuit is connected with a band filter, passing exclusively 
signals containing information concerning the modula 
tion imparted to the carrier wave signal by the medium. 
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