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DEVELOPMENT CORPORATION, o British Cor-
poration estcblished by Statute, of Kingsgae
House, 66—74 Victoria Strect.  London,
S.W.1, do hereby declare the invention, fer
which we pray that a pawent may b2 zranted
te us, and the method by. v.iuh it s 1o b
performed, to be mrmuhn" dueseribed  in
and by the following statement: —

The invention rclates to the weasuremiit
of the How of particulate materials conveved
hydrodynamically by means of 2 towing ildid
and more partictlarly, but not exciuivelv, w
the measurcment of the flow of powdered
materials,

When powdered solids arc tramsporicd by
means of pneumatic conveven the air to solids
ratio is usually high, for example {1 may be
about 500:1, and, therefore, the particlzs of
the powder are free 1o move independonily
of one ancther. This results in a rondom per-
turbation duz to wrbulence naturally cccie-
ring in the conveying air being superimpascd
upon the general motion of the. pariiles alony
the convevor. This random perterbation of
the gcncml nmiotion of the particles iy kaewn
as flow noisc.

It has been propused to measure the rates
of flow of powdered solids in pacumatic con-
veyors by measuring the passeae of tlow noine
disturbances bcm'ccn two  positions in the
conveyor that arc scparated bv a knowsn dis-
tance. However, as the flow noise 1S Contint-
ally changing it is nccessary o use wp'usn-
cated mathematical techniques o enable’ g

~disturbance arriving at the sccond position

45

o e

to be recognised as a disturhance s
passed the first position some time "erum\l\.
Thcsc techniques require the use of an *on-
line” computer, which may not be readly
available.,

In this centest, the invention ntakes use
of the fact that in usc the air veloony and
the overail pressure drop along e pieu-
matic conveyor arc loth substantully con-
stant over wide ranges of soiidy tlow rates.
Furthermare, the solids to air velocity ratio

[Price 25p]}

rich hay

iv ool substantitdly constant over a wide
raare of solids loading of the conveyvor, There-
fore, as the wvelocity of the solids flowing
in the conveyer can be treated as substanti-
Jhy constant. in order to determine the pow-
Jeromass How rate dt is onlv necessary to
incarwre the instamancous loading per unit
wath of the convever. The invention achieves
tisis by sensing the tlow noise within the con-
vevor, the intensity of which is related to the
wodids {vading of the convevor,
"It iy 10 be urnderstood that similar con-
siderations will apply if fluids other than air
e msed as the conveyor medium, and the
rerticulare material may be a liguid in drop-
let form.

According to ene aspect of the present in-
vention there is provided a method of mea-
suring the mass  flow rate of  particularte
material conveved hvdrodynamically by means
of 4 turbulently flowing fluid of substantially
constant mean velocity, comprising the steps
o producing a noisc signal rclated tw the
ilow noike of the particulate material, and
eptaining an indication dependent upon the
power of the noise signal.

According 1o another aspect of the inven-
tion, there is provided apparztus for measuring
the mass How rate of particulate material
cenveyed  hvdrodynamically by means of a
teroutently flowing tluid of substantially con-
sant mean velocity, comprising sensing means
sdapied 0 be as\ounud with a conveyor
through “which the fluid’ is to flow so as to
e capable of sensing tow noise of particulate
material Howing through the conveyor, means
for produung a noise signal velated to the
flow noise, and means for giving an mdxcauon
dependent upon the power “of th noisc signal.

The tlow noise will cause random changes
in the cffective diclectric constant of the
marerial Howing through the conveyor. Pre-
ferabiv the flow noise is sensed by detecting
sandom  changes of the capacitance of an
clectrode  imserted in the convevor due to
these randem changes in the cffective dielec-
tric constant of the material. Preferably the
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means for sensing the flow noise comprises
an clectrode consisting of a first portion of
the wall of the conveyor which is insulated
from a second portion of the wall of the
conveyor so as to form a capacitor.  The
changes in the effective diclectric constant of
the material flowing through the conveyor will
cause corresponding changes in the capaci-

“tance of the clectrode thus, by means of a

capacitance transducer, causing a signal to be
generated which is related fo the flow noise
and hence to the material flow rate.

“.» Preferably the apparatus includes means for
. compensating for changes in the actual diclec-"
“ teic constant -of the particulate’ material.

Where the flow nois? is sensed by detect-
ing random changes of the capacitance of an
electrode, the relationship  between  the
material flow rate and the signal gencrated by

- the apparatus is found as follows:

- The number of particles of matcrial Q
which are within the field of the clcctrode at
any given time is proportional to the loading
‘w of the conveyor. As has already been stated
the particles are free to move independently
of one another with the result that a large
number of small changes of the capacitance of
the electrode is caused by individual particles

“.crossing the field of the electrode. These per-

turbations have a Gaussian distribution be-
cause the particle behaviour obeys the central
limit theorem. Gaussian noise can be approxi-
mated by a band limited white noise with a
power spectral density ¢(f) which is substanti-
ally uniform up to a cut-off frequency f,
which increases in proportion to the number of
independent particle wvibrations, ic. f«Q or
f.aw. The total power o* of the capacitance
noise x(t) depends directly upon the number
of particles Q and the dielectric constant ¢ of
the powder, that is ¢%eeQ® and therefore
o“ae’’, The total capacitance noise power
is also given by

u:=j- an(Ddf.

Thus if ¢ *(f) is the value of o(f) for

s
I N ()
and hence
| e e, *(f).
The frequency spectrum 3, (f) of the out-

put signal m(t) from the capacitance trans-
ducer used is

ou(D)=0(D) K.G(if)?

where K,G(jf) is the transfer function of the
transducer.

The dynamic response of the transducer is
arranged to be constant, and it is also
arranged that the noise spectrum cxtends well
above the
therefore

L)

J et ()
and : '

c!m;‘rj i“om(f)df'

The above integral is equal to the total
power or mican square value (P) of the signal
m(t). Squaring the signal m(t) and smoothing
the squarcd value gives

m—@j

where mi(t) is the mean square value of m(t)
therefore

e

P (F)df

m"(t)uc’--n

But if the material velocity is constant, M, the
mass flow is given by: ‘ B

Mami(t)
or )
M =kn‘1_"(-t)—/c’ .

where & is a constant detecrmined by cali-
bration.

"Other parametérs that can be used to
sense the tlow noise within the conveyor are
variations in the cffective conductivity, or
density of the contents of the conveyor.

The first of these "alternative parameters
can be used when the conveyor medium is a
liquid, and the second czn be used when the
conveyor medium is either a liquid or a gas.
In the sccord case, the random changes in
density can be scnsed by detecting variations in
the attcnuation of ultra-sonic radiation by the
contents of the conveyor,

The mathematical derivation given above
will still  be applicable with appropriatwe
changes made to the form of the noise signal
applied to the transducer.

. ‘The invention will be further described
by way of example with rcfcrence to the
accompanying drawings in which: —

Figure 1 shows a schematic arrangement of
an cmbodiment of the inveantion suitable for
measuring the flow of powder in a pneumatic
conveyor,

Figurc 2 shows a circuit diagram of &

transducer frequency response, i
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capacitance transducer incorporated in  the
cmbodiment of Figure 1;

Figure 3 shows a compensating circuit for
changes in the diclectric constant of powder
flowing in the conveyor; and

Figure 4 shows an alternative arrangement
for compensating for changes in the diclectric

constant of powder flowing in the convevor. -

Referring to Figure 1, an clectrode 1 s
formed|dy a section 2’ of the wall 2 of a
pneumatic conveyor 3 which is scpurated from
the remainder of the wall 2 by means of
insulating material 4. It has been found in

practice that the scnsitivity of the electrode.

1 is dependent upon the separation of the sec-
tion 2’ from the remainder of the wall 2
and also upon the axial length of scction
2’. For cxample, for a conveyor 3 having a
diameter nominally of four inches it has been
found that a suitable length for the scction
2' is six inches, and that the scparation should
be in the range 0.1 to 1.0 inches, 0.5 inches
being the most suitable scparation, A capaci-
tance transducer 5 to be described more fullv
later, is connected 10 the electrode 1. "The
instantancous output of the capacitance trans-
ducer § is compensaed for changes in the
dielectric constant of powder flowing in the
conveyor 3 by means of a compensating cir-

cuit 6, also 1o be described more fullv later,

to which a signal ¢ related to the diclectric
constant of the powder is applied. The signal
e is derived from another transducer, which
is not shown, that is positioned cither in the
powder feed hopper, also not shown, or the
hopper into which the powder is dischzrged.
The output from the compensating circuit 6
is squared and smoothed in circuits 7 aud
8§ to give a final signal which is related
to the mass flow ratc M of pow.'er in the
conveyor weighted over the time ~ ant T,
of the smoothing circuit 8, this  al signal
being applicd t0 an indicating 1 ..ment 9.
Typically T, is about 0.1 scconds. thus giv-
ing a virtually instantancous indication of the
The diclectric constant compensatien
circuit 6 removes unwanted capacitance
changes caused by variation in the diclectric
constant of the powder duc to the presence
of moisture in the powder.

Referring to Figure 2, the capacitance trans-.

ducer 5 consists of a capacitance bridge cir-
cuit 21 which includes a variable capacitance
diode D,. The output signal from the circuit
21 is applied to the basc of a transistor
TR, that forms part of an oscillator circuit
22, positive feedback being provided by virtue
of the coil L, being coupled to the coils
L, and L, The oscillator 22 is arranged to
operate under threshold conditions, and there-
fore the amplitude of the oscillations is modu-
lated by the capacitance of the electrode 1.
A rectifier circuit 23 including a diode D,
is arranged to demodulate the output from
the oscillator 22, The modulation envelope

(which corresponds to the variations in the
capacitance of the clectrode 1) is amplitied
by a d.c. amplificr 24 including two transistors
TR, and TR, Overall negative feed-back
derived from the output of the transistor
TR, is applicd via a ncgative feed-back cir-
cuit 25 to the variable capacitance diode
13, which theecfare acts as a voltage-to-capa-
citance transducer. An a.c. amplitier circuit
26 provides the final output signal from the
transducer S, ‘ '

A particular feature of the transducer §
when using: the component- values shown in
Figure 2 is that it has a secnsitivity greater
than 1,000 volts/pF, which is sufficient to
give a substantial output from the flow noise
that cccurs cven with the smallest solids
loadings that are used in practice in pneumatic
conveyors. In addition, the necgative feed-
back circuit 25 is arranged to give a fre-
quency response that has a very small low
ferguency gain so that there is automatic
compensation for variation of up to 7pF in
the standing capacitance of the electrode 1.
Hence the build-up upon the clectrode 1 of
powder tlowing in the conveyor 3 does not
ctfect the operation of the instrument.

Referring 1o Figure 3, the dielectric con-
stant compensation circuit has two main com-
ponents, the first 31, is 'a power amplifier
which drives’ a heater/thermistor unit 32.
The second main component js a.unity nomi-
nal gain ac. amplifier 33 which includes
the thermistor TH, incorporated in the unit
32 in its feed-back circuit in order to very

the actual gain. The input voliage 10 the.

amplifier 31 is arranged to be proportional
to the diclectric constant of the powdeér flowing
in the conveyor 3. This is derived from the
transducer, which is not shown, that is posi-

“tioned. cither in the feed hopper (also not

shown) for the powder or in a hopper into
which the powder is discharged. The thermal

capacity of the hcater/thermistor unit 32

casures that the amplifier 31 only responds
to relatively slow changes in the cffective
capacitance of the clecirode in the hopper,

thus smoothing out short term variations in’

the compensation electrode capacitance. The
resistors designated R, and R, are such as to
ensute that the reiationship between the effec-
tive feed back resistance R, of the amplifier
33 dnd the dielectric constant £ of the powder
is approximately lincar. '

It is apparent that thc ambient tempera-
ture will ctfect the resistance of the thermistor
TH,. This is compensated for by incorpor-
ating into the input path of the amplifier
33, components TH,, R, and R,, that arc
identical with the components TH,, R, and
R, to that the ecffective resistance of the
input and feed-back circuits of the amplifier
3 thown as R, and R, vary in the same way
with variations in the ambient temperature,

An alternative method of compensating for
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changes in the diclectric constant of the pow-
der flowing in the conveyor 3 is shown in
Figure 4. In this arrangement  the  output
signal from the capacitance transducer 5§ is
applied to the squaring circuit 7 and then
to the smoothing circuit 8 as before, but
the diclectric constant signal from the second
transducer is applied to sccond squaring and
smoothing circunts 41 and 42, respectively,
that are similar to the circuits 7 and 8.
The final output signals designated M, and

¢, rospectively, arc applied to a potentiv-
metric recorder 43, the slide wire of which
is arranged to be energised by the smoothed

diclectric constant signal .

The squaring and smoothing circuits 7 and
8 and 41 and 42, respectively, are of con-
ventionel form and thercfore arc not des-
cribed in detail. :

The operation of squaring the output sig-
nal from the transducer 5 causes the indi-
cation given by the instrument 9 or the
recorder 43 10 Dbe lincarly related to the
mass flow rate, enabling the final calibration
of the apparatus to be simplitied. If this is
rcgardcd as unnacessary however, then the
squaring circuit 7 can be replaced by a simpie
rectifier arrangement, the squaring circuit 41
in this case being omitted from the cibodi-
ment of Figure 4. Indeed, for somz purposcs,
this mayv be desirable as the operating law will
thén be a square-root law resulting in a
final calibration having a more open scale
at the lower end of the range.

It is a postulate of the theory of the flow-
meter that the capacitance noise freguency
spectrum cxtends well above the maximum
response frequency of the capacitance trans-
ducer. Under certain flow conditions, for ex-
ample, large pariicles or low air velocity,
this may not be true. It may be necessary,
therefore, to provide a reduction of the high
frequency response of the transducer. Addi-
tionally the reduction of the high frequency
response will make the apparatus mscnvuu
to variations in the size of the partivles of
matcrial being transported by the conveyor.
This will rcsult in a reduction of the band-
width ‘of the transducer, therefore 1t muayv
also be. necessary to provide for the time
constant of the smoothing circuit 8 to be
increased.

WHAT WE CLAIM 1S:—

1. A method of measuring the nues tlow
rate of particulate material conveyed hvdro-
d)namluallv by means of a wrbulently tlow-
ing fuid of substantially comstant mean
velocity, comprising the steps of producing
a noise signal related to the flow noise of the
particulate matcrml flowing, and obtaining

on indication dependent upon the power of
the noise signal,

2. A methed according to Claimd 1 whercin
the noisc signal is derived by sensing varia-
tions in the cepaciinee of an clectrode ex-
posed o the flowing {luid.

3. A method according to Claim 2 in-
cluding the operation of producing a compen-
sating signal related to e diclectric constant

of the particulate material and combining

the compensating signal with the noise signal
in such a manner as (o render the noise
signal inscnsitive to changes in the diclectric
constant of the particulatc material.

4. A method according 10 Claim 1, 2 or 3
wherein the particulate material is a pow-
dered solid tlowing in a pneumatic con-
veyor.

5. Apparaws for measuring the mass flow
rate of particulate material conveyed hydro-
dynamically by mcans of a turbulently flowing
flurd of substantially constant mean velocity,
comprising sensing means adapted to be asso-
ciated with a conveyor through which the
fluid is to flow. so as to be capable of sens-
ing flow- noise of particulate material flow-
ing through the convcyor, means for pro-
duun" a noise signal related to the flow noise,
and means for giving an indication dependent
upon the power of the noise signal.

6. Apparatus according to Claim 5 where-
in the sensing mcans is adapted to form part
of a wall of thc conveyor.

7. Apparatus according 10 Claim 5 or Claim
6 wherein the sensing mecans comprises an
clecirode adapted to be disposed so that
varictions in the quantity of particulate
material flowing past the clectrede cause cor-
responding changes in the capacitance of the
clectrode.

8. Apparatus according to Claim 7 where-
in the means for producing the noise signal
related to the flow noise comprises a trans-
ducer adapted 10 produce an clectrical signai
related to changes in the capacitance of the
clectrode.

9. Apparatus according to Claim 7 or
Claim 8 including means for compcnsating
the noise signal for changes in the diclectric
constant of the particulate material.

10. Apparutus according to any of Claims
5 10 9 in combination with a pncumatic con-
veyor,

11. A mecthod of measuring the mass flow
rate of particulate material conveyed hydro-
dynamically by means of a tubulently flowing
fluid of substantially constant mean wlocity,
substanitally us herein Jdescribed with rcfer-
ence to the accompanying drawings.

12, Apparatus for measuring the mass flow
rate of particulate material conveyed hydro-
dynamically by means of a turbulemtly flow-
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ing fluid of substantially constant mean velo- D. . BRIDGES,

city, substantially as herein desertbed wiih Chartered Patent Agent,
reference to the accompanving drawingy.. Agent for the Applicants,
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