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MAGNETIC FLOWMETER WITH EMPTY PIPE DETECTOR
ACKGROUND OF T NVENTION
The present invention relates to a magnetic
flowmeter for measuring the flow rate of a fluid. More
specifically, the invention relates to measuring fluid
impedance and monitoring for an empty pipe condition in
a magnetic flowmeter.

In an electromagnetic flowmeter, a pulsed
magnetic flux is applied in a direction substantially
perpendicular to the direction of flow of a fluid
N flowing through a measuring pipe. The flux induces a

potential difference in the fluid varying as a function
of the fluid flow rate, and the potential is sensed by
two electrodes positioned in the pipe. 1In a flowmeter,
15 it is useful to detect the impedance of fluid flowing
through the measuring pipe. This information can be
used to detect an empty pipe condition. One approach
uses a DC current flowing between the electrodes and
electrical ground and additional circuitry to detect the
20 em?ty pipe condition, but this approach undesireably
plates the electrodes so that they must be replaced.
U.S. Patent No. 4,969,363, issued November 13, 1990 to
Mochizuki, entitled Electromagnetic Flowmeter Capable of
Simultaneous Measurement of Flow Rate and Conductivity
25 of Fluid, discloses an empty pipe detector applying a
current pulse to the electrodes to monitor fluid
impedance only while the coil drive current is rising.
As most flowmeters have multiple frequencies at which
the coils are driven, so that the rise times of the coil
30 drive current vary, the device must necessarily include
timing circuitry which allows the device to be active
for different rise times. Furthermore, some flowmeter

installations have such 3’:ar %ab@e %ﬁ K that
ed n

the fluld impedance measurem t'ie@ham the

— . o e mas e -

This Sheet Has Been Reilaced

[ lIIIII Jl




d el ectrical ground and ad

K weﬁpi*akunomzwecs de¥dceokdght thz?d:ltm‘tleqammr@%f

15

20

25

30

and must be synchronized with the pulsed magnetic flux
so that it cannot continuously monitor fluid
conductivity.

Therefore, there is a need for a flowmeter
with a continuously monitoring empty pipe detector with
simple circuitry and which is independent of coil drive
frequency but which does not polarize the electrodes,
and operates with high capacitance cables.

SUMMARY OF THE INVENTION

The present invention is an electromagnetic
flowmeter including circuitry for sensing impedance of
fluid carried in a measuring pipe. The flowmeter
includes means for applying pulsed magnetic f£lux to the
measuring pipe in a direction  substantially
perpendicular to flow of the fluid. First and second
electrodes are mounted in the flow measuring pipe and
electrically contact the £fluid. The flow rate is
detected by measuring the potential difference between
the first and second electrodes due to the applied
pulsed magnetic £flux. The circuitry for sensing
impedance and therefor an empty pipe condition includes
an AC current source, asynchronous with respect to the
coil driving circuitry, applied as a common mode current
to the first and second electrodes referenced to ground.
A summing circuit sums the common mode currents from at
least one electrode, and depending on the impedance of
the electrode, which is a function of the f£fluid
impedance and therefore indicative of an empty or full
pipe condition, the common mode current is partitioned
into two portions. A signal processxng c1rcu1t senses
a potential across a sensing lmpedance through“whlch one
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portion of the common mode current flows. The sensed
potential varies as the impedance of the fluid, and
therefore indicates whether the pipe is empty or full.

In another embodiment of the invention, an AC
current is applied differentially between the two
electrodes at a frequency lower than the flow signal.
A current divider splits the current into two portions
as a function of the impedance of the f£fluid and
filtering circuitry removes the lower frequency signal
representative of the fluid impedance (and therefore
indicative of an empty pipe condition) from the higher

- . frequency flow signal.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram of a prior art
magnetic flowmeter.

Figure 2 is a electrical schematic diagram of
a magnetic flowmeter including empty pipe detection
circuity in accordance with the present invention.

Figure 3 is a simplified electrical schematic
diagram of the empty pipe detection circuitry of the
present invention.

CRIPT 8] 18] S

Figure 1 is a block diagram of :prior art
magnetic flowmeter 10. Prior art flowmeter 10 includes
measuring pipe 12 coupled to electrical ground.
Magnetic excitation coil 14 is adjacent measuring pipe
12 and a pair of electrodes 16 are carried within pipe
12, Driver c¢ircuitry 18 couples to coil 14,
Differential amplifier 20 has inputs connected to the
pair of electrodes 16. The output of differential
amplifier 20 couples to flow detection circuitry 22
which connects to output circuitry 24.

In operation, prior art flowmeter 10 senses
flow rate of a fluid flowing through measuring pipe 12.
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POst ¥l onmeters have nmultiple frequencies n@ic t? il re
¢1 hat/the rise tines of the coil drive curpék{ ar !f ﬁ&?ﬁéﬁéd@
ify include timng circuitry which allows the device to be
ferent rise times. Furthernore, sone flowreter installations

S

S




10

15

20

25

30

y is greater than about 35 Hz. As a result,
imted to | ow capacitance cabling applications,
cuitry and nust be synchronized with the pul sed
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Coil 14 1is excited by a pulsed excitation current
generated by driver circuitry 18 and provides pulsed
magnetic flux in a direction substantially perpendicular
to flow of fluid through pipe 12, The magnetic flux
induces a potential in the fluid and electrodes 16 have
a potential difference between them. Differential
amplifier 20 amplifies this potential difference and
provides an amplified output to flow detection circuitry
22. Flow detection circuitry 22 calibrates the output
from differential amplifier 20 to unite of flow and
provides an output to output circuitry 24. Output
circuitry 24 provides a useful output of the flow rate
information. For example, flow rate information can be
transmitted over a two wire 4-20 mA process control
loop.

The present invention provides circuitry which

_ is added to the prior art flowmeter 10 of Figure 1 to

determine impedance of fluid flowing through pipe 12
without changing flow rate measurements provided by
flowmeter circuitry 10,

Figure 2 is a diagram of a magnetic flowmeter
26 in accordance with the present invention. Magnetic
flowmeter 26 includes some of the same circuitry of
prior art flowmeter 10 used to provide a flow rate
output. Magnetic flowmeter 26 includes grounded
measuring pipe 12, magnetic excitation coil 14 and a

pair of electrodes 16 (individually identified as . -

electrode 16A and electrode 16B). The impedance between
electrodes 16A,16B to ground is small when the fluid
covers the electrodes and significantly larger when the
fluid uncovers the electrodes. Even though the
conductivity of the fluid can change from installation
to installation and varies over ‘several orders of
magnitude, the difference in impedance between covered
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Ca?n%r}ir;%dettcxg”veo ttage difference between electrodes
16A,16B via buffer amps 30A,30B and provides an output
to flow detection circuitry 22 which 1is connected to
output circuitry 24. This circuitry operates in a
manner similar to that of prior art flowmeter 10 shown
in Fiqure 1.

Magnetic flowmeter 26 includes oscillator 28,
high input impedance amplifiers 30A,30B, summing
circuitry 34, summing amplifier 36 and signal processing
circuitry 38. Oscillator 28 includes square wave source
40, resistor 42, and capacitor 48. High impedance

amplifier 30A is coupled to electrode 16A through

blocking capacitor 52A and includes resistors 44A, 563,
58A, 60A, capacitor 50A and operational amplifier 54A
connected with negative feedback. The section of the
circuit labelled with components ending with “B" is
constructed the same way as the section having
components ending in “A*“. Outputs from operational
amplifiers 54A and 54B are connected to buffer
amplifiers 62A and 62B, respectively, of summing
circuitry 34. Outputs from operational amplifiers S4A
and 54B are also coupled to differential amplifier 20
and used to determine flow rate as described for Figure
1. Outputs from buffer amplifiers 62A and 62B are
connected together through resistors 64 and 66 and are
provided to amplifier 36. The output of amplifier 36 is
provided to signal processing circuitry 38.

Figure 3 is a simplified schematic diagram of
empty pipe detection circuitry in accordance with the
present invention and illustrates a circuit model of the
invention. Figure 3 shows oscillator 28 and blocking
capacitor 52 connected to electrode 16. The impedance
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of electrode 16 is modelled by resistor 68. The large

input impedance of operational amplifier 54A shown in
Figure 2 is modelled as resistor 70, Capacitor 72
models the cabling capacitance used to connect electrode
16 to the flowmeter. Oscillator 28 provides a triangle
wave current to the flowmeter of 2 nA peak-to-peak and
at a frequency of 0.5 Hz. The frequency is independent
of the coil drive frequency and selected to be lower
than the lowest expected flow frequency. For this
reason, the present invention is suitable for use in
both AC and DC flowmeters. Typical modelled values for
the circuit components are: blocking capacitor 52 is 1.0
uF, resistor 68 varies between 100 kQ (full pipe) and 10
MQ (empty pipe), capacitor 72 is 50 nF for a 1,000 foot
cable and sense resistor 70 is 10° Q.

Figure 3 shows the basic operation of empty
pipe detection circuitry. Resistor 68, which models the
fluid impedance, varies between 100 KQ for a pipe
carrying fluid above the electrode level and 10 MQ for
an empty pipe condition when the fluid level uncovers
the electrodes. Since these values are much smaller
than the input impedance of amplifier 54 the potential
across resistor 70 at the input to amplifier 62 is
highly dependent on the value of reisistor 68. Thus,
the ocutput of amplifier 62 is related to the impedance
of fluid in pipe 12.

Referring back to Figure 2, values of the
components for one embodiment will be provided. Square
wave source 40 is a 0.5 Hz square wave of 14 volts peak-
to-peak. Resistor 42 is 1.0 MQ, capacitor 48 is 0.68
uF, resistor 44A is 10 M}, and capacitor 50A is 47 pF.
Blocking capacitor 52A is 1.0 uF, resistor S6A is 2.2
MQ, resistor S8A is 4.41 kR, and resistor 60A is 2.2 MQ.
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“-gesistors 64 and 66 are at least 100 k9@ and have

substantially the same value.

In operation, oscillator 28 generates a
substantially triangularly shaped current signal of
about 1 uA, at 0.5 Hz, which is applied at node between
resistors S56A and 60A. A portion of this current flows
between electrodes 16A,16B and electrical ground. This
potential drop is given by:

KIppZy | (1)

where Zp; is the impedance of the parallel combination of
one of the electrodes (e.g. 2,,) and its associated
cable capacitance, (as modelled by Cpin Figure 3), in
series with the input coupling capacitor, C;, and K is
the current attenuation ratio of amplifiers 54A,54B
given by

R
Kn S8A,B (2 )
Rsex, 5 Rs0a, 3

In the example of Figure 3, cable capacitance is 50nF
and the sensing impedance is 10° Q. Since Rg,p << Reass

'~ K can be approximated as 4.41KQ/2.2 MQ, or 1/500. Thus,

for an empty pipe condition where the fluid impedance,
Rg, is high (10 MQ), the potential difference is given

by:

(4.4kQ
2.2MQ

Y (LpA) (ReelZ205+205,) (3)
which can be substituted and simplified to:

4.4k0Q
8mVs (2 2140) (1pa) (4.2M0) (4)
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Kk dlagran1of a prior art magnetic flowreter.
ectrical schematic diagramof a magnetic
pe detection circuitry of the present invention.

ior art magnetic flowreter 10. Prior art flowreter

potential with respect to ground at the output of
amplifiers 54A,B is approximately 2 mVy, a factor of 4
smaller than the potential with respect to ground when

~ the pipe is empty. In other words the effective

electrode impedance, 2y, is a factor of approximately 4
larger when the pipe is empty than when it is full.
The signals at the outputs of operational
amplifiers 54A,54B due to impedanée of fluid in pipe 12
are common mode while the flow signal due to an induced
potential between electrodes 16A and 16B 1is a
differential signal. When the potentials with respect
to ground at the outputs of amplifiers 54A and 54B are
summed by amplifiers 62A,62B and resistors 64,66, the
magnitude of the common mode signals are added together
while the sum of the differential signals is zero.
Therefore, the signal at the input to amplifier 36 is
representative of the impedance of the fluid and is
substantially independent of flow rate. Signal
processing circuitry 38 outputs an alarm to warn an
operator of the empty pipe condition if the potential
with respect to ground at the output of amplifier 36
drops below a predetermined minimum threshold. Signal
processing circuitry 38 also provides an output
representative of the impedance of fluid in pipe 12.

Oscillator 28 generates an AC signal to -~

prevent electrode polarization. In one embodiment,
signal source 40 is a microprocessor used to operate
flowmeter 26, and signal processing circuitry 38 samples
the output of amplifier 36 during a maximum in the
triangle wave, Such timing of the sampling reduces the
effects of noise and also samples the in-phase component
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of the potential with respect to ground, so as to use
the real part of the impedance.

Although the present invention has been
described with reference to. preferred embodiments,
workers skilled in the art will recognize that changes
may be made in form and detail without departing from
the spirit and scope of the invention. For example,
fluid impedance can be measured differentially between
the two electrodes. In this case, an AC signal is
applied to one electrode and the output at the other
electrode is measured. The frequency of the applied
signal is different from the flow signal and can be
filtered from the flow signal.

heet Has Been Reilaced

\\II\I\\ \lll\\ \\\l il

anplifier

d th f electrod 16.
| :jlfyte(ra ZBOCOUFeﬂ gzl '[oof I gwege'[ gcflson fQEﬂ?Srﬁé@?ﬂ%#ZI

ses flowrate of a fluid flow ng through neasuring pipe 12.




~4- Coil 14 is
circuitry 18 and

a potential in tRe
bet ween t hem

to units of flow and provid® an output to

d by a pul sed excitation current generated by driver

| des pul sed nagnetic flux in a direction substantially
per pendi cul ar to. #¥ow of fluid through pipe 12. The nmagpetrygef | i

# fluid and el ectrodes 16 have a potentq? I’rg$f f‘g?‘émlq?fZI
gifferential anplifier 20 anplifies this potenti al
di fference andgprovides an anplified output to flow detection circuitry 22.

Fl ow det ectig@ circuitry 22 calibrates the output from Ehl’ﬁmtéhtBahReplaced

circuitry 24 provides a useful output of th

SMIURAEK

|nfornat . For exanple, flowrate information can

WH S C

2.

D IS:

1. A flowmeter, comprising:

a flow pipe connected to electrical ground;

a magnetic coil adjacent the flow pipe and
oriented to provide magnetic flux in a
direction perpendicular to the flow of a
fluid through the flow pipe;

drive circuitry coupled to the magnetic coil
to energize the coil;

a pair of electrodes inside the pipe, the
impedance of the electrodes to ground
indicative of whether the fluid covers
the.electrodes;

means for producing a flow rate output as a
function of a potential difference
between the electrodes due to the
magnetic flux;

a signal source coupled to at least one of the
electrodes and to a sense resistor, the
source asynchronous with respect to the
energization of the magnetic coil, where
the signal is apportioned between the
sensing resistor and the electrode
impedance to ground so that a potential
across the sense resistor indicates
whether the fluid covers the electrodes.

The flowmeter of claim 1 where the signal

source comprises means for generating a triangle wave.

3.

The flowmeter of claim 1 further comprising

signal processing means for providing an output
indicative of an empty pipe condition as a function of
the potential across the sense resistor.
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transmtted over a two wire 4-20 mA process control | oop. The
ptesent invention pTMM&HaﬁBdé@k@rtaaéa V\/m ch is added to the prior art

flowmeter 10 of Figu ne i npedance of fl ui dpbﬁmsgg t hr ugh
measur enent s provi ded 24;1
2

pi pe 12 w thout chan ﬂmmmmg‘g
circuitry 10. s a diagram of a magnetic flowneter

accordance with #fhe present invention. Magnetic floweter 26 includes sone
of the same cirguitry of prior art flowneter 10 used to provide a flow rate

out put . Magngfic fl owreter i ncl utees™ grounded neasur i ng pipe 12,
magneti c excitgtion coil 14 gﬁ a| r of el ect rodes 16 (individually
i dentified kectrode 16 'ro(fﬁ%“ 0Grhe | npedance bet ween

16B to groancgipe srmltﬂpl\aldentbheeiéutmcal ground ang
adapted to carry a fluidflowing through
the pipe;

coil means for applying a pulsed magnetic flux
in a direction substantijally
perpendicular to a direction of f)yijq
flow;

a first electrode and a second electrode
mounted in the pipe, where the first ang
second electrodes detect an induced
potential generated in the fluid due to
the pulsed magnetic flux, the impedance
of the electrodes to ground varying as a
function of the impedance of the £luid;

flow rate means for producing a floy rate
o}xtput as a function of the potential
difference between the electrodes, where
the flow signal is a-differential signal
between the first and second electrodes;

el ectrodes._;

and
a current source providing a current which ig
apportioned to flowthrough at leagt one
of the electrodes and through a _sense
resistor, the apportionment a functiop
of the impedance of the electrodes, 8o
that the potential difference acrogsg the
sense resistor is a function of the
fluid impedance.
5. The flowmeter of claim 4 where the current
source is asynchronous with respect to the coil
energization and generates a triangle wave,.
6. The flowmeter of claim 4 including signal
processing means coupled to the sense resistor for
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,A;;{prOVldlng an output indicating an empty pipe condition
~-+% as a function of the potential difference across the
'.”fj sense resistor.

;7 7. A flowmeter, comprising:

/ a pipe coupled to electrical ground and
adapted to carry a fluid flowing through
the pipe;

coil means for applying a pulsed magnetic flux

/ in a direction substantially

/ . perpendicular to a direction of fluid
flow;

a first electrode and a second electrode
mounted in the pipe, where the first and
second electrodes detect an induced
potential generated in the fluid due to
the pulsed magnetic flux, the impedance
of the electrodes to ground varying as a
function of the impedance of the fluid;

flow rate means for producing a flow rate
output as a function of the potential
difference between the electrodes, where
the flow signal is a differential signal
between the first and second electrodes;

and
means for applying a current asynchronous to
the pulsed magneticflux to at least one
of the electrodes, and for dividing the
current into a first and a second part
as a function of the fluid impedance,
where the magnitude of current in the
one of the parts is representative of
the fluid impedance.
8. A flowmeter coupled to a pipe through which a
fluid flows, the flowmeter providing a flow output as a
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i, 000. D ffergmg g& 5# fheg20 amplifies the voltage difference between
® cl ectrodes 16A anps 30A, 30B and pro | oW
I det ection circui m s connected to out putpeffug tgﬂgﬁg%‘lzg

§[30|rCU|try opera simlar to that of prior art flomneter

“shown in Figure 1. Magnetic flowreter 26 includes oscillator 28,

* high input inmpedance anplifiers 30A, 335 suming circuitry 34, summ ng
anplifier 26 and signal processing circuitry 38. Gscillator 28 includes

e A Con br tR8/ PA0¢ P10 £203C 4L Alwmet'drIRabiRgdance
a coil energized to provide a magnetic flux which
induces a potential field within the fluid and having a
pair of electrodes coupled to the fluid for sensing a

squar e

potential difference varying as a function of the flow
// rate, where the improvement comprises: |
an asynchronous AC current source coupled to

at least one of the electrodes and to a
sense resistor, the electrodes having an
impedance varying "with the level of
fluid in the pipe, the current dividing
between the sense resistor and the
electrode impedance so that the
potential difference across the sense
resistor is representative of the fluid
impedance; and

comparison means coupled to the sense resistor
for comparing the potential difference
across the sense resistor to a reference
potential and providing an output
indicating an empty pipe condition when
the sensed potential is less than the
reference potential,
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to el ectrode 16A through bl ocki ng capacitor 52A
E 44A, 56A, 58A, 60A, capacitor 50A and operati onal
Fed with negative feedback. The section of the circuit

B cnts ending with "B" is constructe t
ronents ending in "A". Qut put s frgmmm@&%0§4§el
gagond 54B are connected to buffer anplifiers 62A and

o of summing circuitry 34. Qutputs from operati onal
gand 54B are al so coupl ed-1é-differential anplifier 20 and

¥ ne f| described for Figure 1. Qutputs from buffer
BFA and G%Gg?ggcgﬁﬁm%"tw hEMPTYirRIRE DEEECB®OR S 64 and 66

Vi ded to ampl | fi eABSPRAGheOPURRSDPiCRIRI | e 36 1S provided to
essing circulggy g%ectromagnetic fluid flowmeter (26)
includes empty pipe detection circuitry. The empty pipe
detection circuitry applies a common mode asynchronous
signal into a pair of electrodes (16A,16B) in the
flowmeter (26). Impedance of fluid is determined by
measuring the magnitude of the asynchronous signal
between an electrode (16A,16B) and electrical ground.
Impedance is used to determine an empty pipe condition.

T




Ffied schematic diagram of enpty pipe detection
a¥lance with the present invention and illustrates a
B he i nvention. Figure 3 shows oscillator 28 and hl ock |
fccted to electrode 16. The inpedance PCTUS 947

13

PRIOR ART

DRIVER I
20 .
7!9 J

12

Sheet Has Been Replaced

“THn B




flel | ed by resistor 68. The | arge input inpedance of
54A shown in Figure 2 is nodelled as resistor 70.
F t he cabling capacitance used to connect electrode 16 to
|l ator 28 provides a triangle wave current to the

X peak-to-peak and at a frequency of O. FFUST@H/@@Q@I

gt the coil drive frequency and selected to be | ower than

Bt ed fl ow frequency. r this reason, the present
Suitable for use in both AC and DC fl owneters. Typi cal
2 1S
miﬁrii“ﬁ

Ues for the circuit conponents are: bl ocking ciﬁacitor
@b stor 68 varies petween 100 k[err] (full pipe) S
gpoe), capacitor 724%s 50 nF for a 1,790 f oot l

N

B

OUTPUT

SIGNAL
PROCESSING

FLOW DETECTION |-
. |

ER
528

DRIV
; :I4
L6A
448




afamnle p
cable and sense reZ:stor 70 is 10" J[err]. Figure 3 shows the
basi ¢ operation of enpty pipe detection circuitry. Resistor 68, which

dels the fluid i d , i bet 100 K i i
fluid above t‘ﬁ"?ei ceirode | evel and 10 Merr] for an ART/0S Bikdid kb 1

when the fl ui evel uncovers the el ectrodes. Since these val ues are nuch
smal | er than the-input inpedance of argfdfier 54 the potential across
resistor 70 at the input to amplifier i s highly dependent on the val ue
of reisistor 68. Thus, the output of anplifier 62 is related to the

i npedance of fluid in pipe 12. Referring back tdy en Replicgd S
of the conponents for one enbodi nent will be provided. SquH ' e
40 is a 0.5 Hz square wave of 14 volts peak- to-peak. Res 0

Merr], capacitor 48 is 0.68

—e TO 36

52
fig.3




R A S T S

2 v ACEMENT SHEETS

SG

pF, resjist oREégACEﬁ sapdmrr], sand capacitor 5 )A@i@sgﬁpﬂﬁ} : pAgBg ki.NG paged 4.
capaci t|0f Ce2Aiptisn t pledaF..... 854a3b@r. 56 °~] is 2.2 M effdininh®F' Sige@ 34 tbSpated 1.

Klerr], |pughingyi St:9hged0h | & fged M

Drawing(s) : paged %. to paged -

erf].
I g&d Mg €
Resi st a3 tidwidd) 6Qagie..al 1 dsd  100] k[err] and paye. 7 : paged .14. to paged ...

@] Abstract  ;paged ... to paged ..o.....
DATE OF RECEIPT wovovuvevveoeeenneeeoonneneerennn -1-

DATE OF RECEIPT..WE(%........

i
§

MAGNETIC FLOWMETER WITH EMPTY PIPE DETECTOR
BACKGROUND OF THE INVENTION

The present invention relates to a magnetic
flowmeter for measuring the flow rate of a fluid. More
specifically, the invention relates to measuring fluid
impedance and monitoring for an empty pipe condition in
a magnetic flowmeter.

In an electromagnetic flowmeter, a pulsed
magnetic flux is applied in a direction substantially
perpendicular to the direction of flow of a fluid
flowing through a measuring pipe. The flux induces a

' potential difference in thé fluid varying as a function
of the fluid flow rate, and the potential is sensed by -

two electrodes positioned in the pipe. 1In a flowmeter,
it is useful to detect the impedance of fluid flowing

through the measuring pipe. This information can be,

used to detect an empty pipe condition. One approach
uses a DC current flowing between the electrodes and
electrical ground and additional circuitry to detect the
empty pipe condition, but this approach undesireably
plates the electrodes so that they must be replaced.
U.S. Patent No. 4,969,363, issued November 13, 1930 to
Mochizuki, entitled Electromagnetic Flowmeter Capable of
Simultaneous Measurement of Flow Rate and Conductivity
of Fluid, discloses an empty pipe det..ector applying a
current pulse to the electrodes to monitor £luid
impedance only while the coil drive current is rising,
As most flowmeters have multiple frequencies at which
the coils are driven, so that the rise times of the coil
drive current vary, the device must necessarily include
timing circuitry which allows the device to be active
for different rise times. Furthermore, some flowmeter
installations have such a large cable capacitance that
the fluid impedance measurement is hampered when the
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substantially the sane val ue. : In operation, oscillator 2.8
generates a substantially triangularly shaped current signal of about 1
pAlerr] at 0.5 Hz, which is applied at node between resistors 56A and 60A.
A portion of this current flows between el ectrodes 16A, 16B and el ectri cal

ground. This potential drop is given by: [err]

(1) where Zg is the inpedance of the parallel conbination of one of the’

el ectrodes (e.g. Zferr]) and its associaged cabl e capacitance, (as nodelled
by CJerr] in Figure 3), in series with the input coupling capacitor,

g[err] , and Kgdedll driver feeguancynist gpeatati ohah aboutfisrz S4AHA given
y

result, Mochizuki’s device is limited to low capacitance
cabling applications, has additional timing circuitry
and must be synchronized with the pulse& magnetic flux
so that it cannot <continuously monitor fluid
conductivity.

Therefore, there is a need for a flowmeter
with a continuously monitoring empty pipe detector with
simple circuitry and which is independent of coil drive
frequency but which does not polarize the electrodes,
and operates with high capacitance cables.

SUMMARY OF THE INVENTION

The present invention is an electromagnetic
flowmeter including circuitry for sensing impedance of
fluid carried in a measuring pipe. The flowmeter

) includes means for applying pulsed magnetic flux to the
measuring pipe in a direction substantially
perpendicular to flow of the fluid. First and second
electrodes are mounted in the flow measuring pipe and

electrically - contact the fluid. The flow rate is
detected by measuring the potential difference between
the first and second electrodes due to the applied
pulsed magnetic <flux. The circuitry for sensing
impedance and therefor an empty pipe condition includes
an AC current source, asynéhronous with respect to the
coil driving circuitry, applied as a common mode current
to the first and second electrodes referenced to ground.
A suming circuit sums the common mode currents from at
least one electrode, and depending on the impedance of
the electrode, which is a function of the £luid
impedance and therefore indicative of an empty or full
pipe condition, the common modé current is partitioned
into two portions. A signal procesaing circuit senses
a potential across a sensing impedance through which one
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[err] In the exanple of Figure 3, cable capacitance is 50nF and the
sensing inpedance is 10[err]. Since Rerr] << Rerr] K can be approxi mated
as 4.41Kerr]/2.2 Merr], or 1/500. Thus, for an enpty pipe condition where
the fluid inpedance, R err] is high (10 Merr]), the potential difference
IS given by: [err] which can be substituted and sinplified to:

-3~

portion of the common mode current flows. The seased
potential varies as the impedance of the fluid, and
therefore indicates whether the pipe is empty or full.
In another embodiment of the invention, an AC
current is applied differentially Dbetween the two
electrodes at a frequency lower than the flow signal.
A current divider splits the curreant into two portions
as a function of the impedance of ‘the £luid and
filtering circuitry removes the lower frequency signal
representative of the fluid impedance (and therefore
indicative of an empty pipe gondi:ion) from the higher
frequency flow signai.
BRIEF DESCRIPTION OF THE DRAWINGS :
Figure 1 is a block diagram of a prior art
magnetic flowmeter. '
Figure 2 is a electrical schematic diagram of
a magnetic flowmeter including empty pipe detection
circuity in accordance with the present invention. '
Figure 3 is a simplified electrical schematic -
diagram of the empty pipe detection circuitry of the
present invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Figure. 1 is & block diagram of :prior art
magnetic flowmeter 10. Prior art flowmeter 10 includes
measuring pipe 12 coupled to electrical ground.
Magnetic excitation coil 14 is adjacent measuring pipe
12 and a pair of electrodes 16 are carried within pipe
12. Driver circuitry 18 couples to coil 14,
Differential amplifier 20 has inputs connected to the
pair of electrodes 16. The output of differential
amplifier 20 couples to flow detection circuitry 22
which connects to output circuitry 24.
In operation, prior art flowmeter 10 senses
flow rate of a fluid flowing through measuring pipe 12.
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[err].

4=

Coil 14 is excited by a pulsed excitation current
generated by driver ci‘rcuitty 18 and provides pulsed
magnetic flux in a direction substantially perpendicular
to flow of fluid through pipe 12. The magnetic flux
induces a potential in the fluid and electrodes 16 have
a potential difference between them. Differential
amplifier 20 amplifies this potential difference and
provides an amplified output to flow detection circuitry
22. Flow detection circuitry 22 calibrates the output
from differential amplifier 20 to units of £flow and
provides an output to output circuitry 24. Output
circuitry 24 provides a ‘'useful output of the flow rate
information. For example, flow rate information can be
transmitted .over a two wire 4-20 mA process control
loop.

The present invention provides circuitry which
is added to the prior art flowmeter 10 of Figure 1 to
determine impedance of fluid flowing through pipe 12
without changing flow rate measurements provided by
flowmeter cii:cuitry 10,

Figure 2 is a diagram of a magnetic flowmeter
26 in accordance with the present invention. Magnetic
flowmeter 26 includes some of the same circuitry of
prior art flowmeter 10 used to érovide a flow rate
output. Magnetic <flowmeter 26 includes grounded
measuring pipe 12, magnetic -excitation coil 14 and a
pair of electrodes 16 (individually identified as
electrode 16A and electrode 16B). The impedance between
electrodes 16A,16B to ground is small when the fluid
covers the electrodes and significantly larger when the
fluid uncovers the electrodes. Even though the
conductivity of the fluid can change from installation
to installation and varies over .several orders of
magnitude, the difference in impedance between covered
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For .a full pipe condition where inpedance Rerr] is 1 Merr], the sane

smet hod of cal culation predicts that the potential with respect to ground at
the output of anplifiers 54A,B is approximately 2 nV[err], a factor of 4
smal l er than the potential with respect to ground when the pipe is enpty.
In other words the effective el ectrode inpedance, Zerr], is a factor of
approximately 4 | arger when the pipe is enpty than when it is full

The signals at the outputs of operational anplifiers 54A 54B due to

i npedance of fluid in pipe 12 are common node while the flow signal due to
an induced potential between electrodges 16A and 16Bis a differentia
signal. Wen the potentials with respect” to ground at the outputs of

anplifiers 54% anNgh 4 PeflE electrodes is typically a factor of 10 but
may be as great as 1,000. Differential amplifier 20
amplifies the voltage difference between electrodes
16A,16B via buffer amps 30A,30B and provides an output
to flow detection circuitry 22 which is connected to
output circuitry 24. This circuitry operates in a
manner similar to that of prior art flowmeter 10 shown
in Figure 1.

Magnetic flowmeter 26 includes oscillator 28,
high input impedance amplifiers 30A,30B, summing
circuitry 34, summing amplifier 36 and signal processing
circuitry 38. Oscillator 28 includes square wave source
40, resistor 42, and capacitor 48. High impedance
amplifier 30A is couéled' to electrode 16A through
blocking capacitor 52A and includes resistors 44A, S56A,
58A, 60A, capacitor 50A and operational amplifier 54A
connected with negative feedback. The section of the
circuit labelled with components ending with "B* is
constructed the same way as the section having
components ending in “aA", Outputs from operatiocnal
amplifiers S54A and 54B are connected to buffer
amplifiers 62A and 628, respectively, of summing
circuitry 34. Outputs from operational amplifiers S4A
and S4B are also coupled to differential amplifier 20
and used to determine flow rate as described for Figure
1. Outputs from buffer amplifiers 62A and 62B are
connected together through resistors 64 and 66§ and are
provided to amplifier 36, The output of amplifier 36 is
provided to signal processing circuitry 38.

Figure 3 is a simplified schematic diagram of
empty pipe detection circuitry in accordance with the
present invention and illustrates a circuit model of the
invention. Figure 3 shows oscillator 28 and blocking
capacéitor 52 connected to electrode 1§. The impedance
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summed by anplifiers 62A, 62B and resistors 64,64, the nmagnitude of the
common node signals are added together while the sumof the differenti al
signals is zero. Therefore, the signal at the input to anplifier 36 is
representative of the inpedance of the fluid and is substantially )

I ndependent of flow rate. Signal processing circuitry 38 outputs an
alarmto warn an operator of the enpty pipe condition if the potential wth
respect to ground at the output of anplifier 36 drops bel ow a predeterm ned
m ni nrum t hreshol d. Signal processing ciF@Jitry 38 al so provi des an out put

goner at 65 an' ki SREFTREREECif moqttfenb B Ssister f8. e ores O
enbodi nent, si ginputoimpedancesofl pperapionaldsampliddetro SdResiowt | imwnet er
26, and signal PfQacessnGiEi Kokl 1¥d3%hS2PREEStor 70.  capacitor 72
models the cabling capacitance used to connect electrode
16 to the flowmeter. Oscillator 28 provides a triangle
wave current to the flowmeter of 2 nA peak-to-peak and
at a frequency of 0.5 Hz. The frequency is independent
of the coil drive frequency and selected to be lower
than the lowest expected flow frequency. For this
reason, the present invention is suitable for use in
* both ‘AC and DC flowmeters. Typical modelled values for
the circuit components are: blocking capacitor 52 is 1.0
uF, resistor 68 varies between 100 k2 (full pipe) and 10-
MQ (empty pipe), capacitor 72 is 50 nF for a 1,000 foot
cable and sgense resistor 70 is 10° Q. .

Figure 3 shows the basic operation of empty.
pipe detection circuitry. Resistor 68, which models the
fluid impedance, varies between 100 K@ for a pipe
carrying fluid above the electrode level and 10 MQ for
an empty pipe condition when the fluid level uncovers
the electrodes. Since these values are much smaller
than the input impedance of amplifier 54 the potential
across resistor 70 at the input to amplifier 62 is
highly dependent on the value of reisistor 68. Thus,
the output of amplifier 62 is related to the impedance
of fluid in pipe 12.

Referring back to Figure 2, values of the
components for one embodiment will be provided. Square
wave gource 40 is a 0.5 Hz square wave of 14 volts peak-
to-peak. Resistor 42 is 1.0 MR, capacitor 48 is 0.68
uF, resistor 44A is 10 MO, and capacitor SOA-is 47 pF.
Blocking capacitor 52A is 1.0 uF, resistor S6A is 2.2
MR, resistor 58A is 4.41 kR, and resistor 60A is 2.2 MQ.
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the output of anplifier 36 during a maximumin the triangle wave. Such
timng of the sanpling reduces the effects of noise and al so sanples the

i n- phase conponent -9- of the potenti al
Wi th respect to ground, so as to use

-] -

resistors 64 and 66 are at least 100 kQ and have

substantially the same value.
In operation, oscillator 28 generates a

substantially triangularly shaped current signal of
about 1 pA, at 0.5 Hz, which is applied at node between
resistors 56A and 60A. A portion of this current flows
between electrodes 16A,16B and electrical ground. This
potential drop is given by: '
| KI 2y (1)

where Zz is the impedance of the parallel combination of
one of the electrodes (e.g. Z,,) and its associated
cable capacitance, (as modelled by Cpin Figure 3), in
series with the input coupling capacitor, Cy and K is
- the current attenuation ratio of amplifiers S54A,54B

given by

Rsea s
K= 2
Ryon, 5*Rs0a.3 )

In the example of Figure 3, cable capacitance is 50nF
and the sensing impedance is 10’ 0. Since Ruus << Reauss

K can be approximated as 4.41KQ/2.2 MQ, or 1/500. Thus,
for an empty pipe condition where the fluid impedance,
Ra, i8 high (10 MQ), the potential difference is given

by:

(%.%g) (1pA) (ReglZers*Zess) (3)

which can be substituted and simplified to:

4.4k0
8mVa ( 2'2}&) (1pa) (4.2M0) (4)
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the real part of the inpedance. Al t hough the present invention has
been described with reference to preferred enbodi nents, workers skilled in

the art will recognize that changes may be nade in formand detail without
departing fromthe spirit and scope of the invention. For exanple, fluid
| npedance can be nmeasured differentially between the two el ectrodes. In

this case, an AC signal is applied to one electrode and the output at the
other electrode is neasured. The frequency of the applied signal is
different fromthe flow signal and can be filtered fromthe flow signal.

-8~

For a full pipe condition where impedance Ry is 1 MQ,
che same method of calculation predicts that the
potential with respect to ground at the output of
amplifiers S4A,B is approximately 2 mVyp, a factor of 4
smaller than the potential with respect to ground when
the pipe is empty. In other words the effective
electrode impedance, 2y, is a factor of approximately 4
larger when the pipe is empty than when it is full.
The signals at the outputs of operational
amplifiers S4A,54B due to impedance of fluid in pipe 12
are common mode while the flow signal due to an induced
potential between electrodes 16A and 16B- is a
differential signal. When the potentials with respect
to ground at the outputs of amplifiers S4A and 54B are
summed by amplifiers 62A,62B and resistors 64,65, the
- magnitude of the common mode signals-a:e added together
while the sum of the differential signals is zero. -
Therefore, the signal at the input to amplifier 36 is
representative - of the impedance of the fluid and is
substantially independent of <flow rate. Signal
processing circuitry 38 outputs an alarm to warn an
operator of the empty pipe condition if the potential
with respect to ground at the output of amplifier 36
drops below a predetermined minimum threshold. Signal
processing circuitry 38 also provides an output
representative of the impedarice of fluid in pipe 12.
Oscillator 28 generates an AC signal to
prevent electrode polarization. In one embodiment,
signal source 40 is a microprocessor used to operate
£lowmeter 26, and signal processing circuitry 38 samples
the output of amplifier 36 during a maximum in the
triangle wave. Such timing of the sampling reduces the
effects of noise and alsc samples the in-phase component
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REPLACEMENT SHEETS SG -10 - 1. A flowneter,

conpri si ng: a flow pi pe connected to el ectrical ground; a

magnetic coil adjacent the flow pipe and oriented to provide

magnetic flux in a direction perpendicular to the flow of a
-9-

of the potential with respect to ground, so as to use
che real part of the impedance.

Although the present invention has been
described with reference to preferred embodiments,
workers skilled in the art will recognize that changes
may be made in form and detail without departing from
the spirit and scope of the invention. For example,
fluid impedance can be measured differentially between
the two electrodes. In this case, an AC signal is
applied to one electrode and the output at the other
electrode is measured. The frequency of the applied
signal is different from the flow signal and can be
filtered from the flow signal.
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flui.d through the fl ow pipe; drive circuitry coupled to the magnetic
coil to energi ze the coil; a pair of electrodes inside the

pi pe, the i npedance of the electrodes to d

i ndi cative of whether the fluid covers the ISk -Replaced \p gy g
for producing a flow rate output as a functiﬁ ﬂ I al

di fference between the el ectrodes due to the ; and

a signal source operably coupled to at_hggst one of the el ectrodes
and to a | arge inpedance el enent, the source asynchronous with

respect to the energization of the nmagnetic

coil,

where the signa

Is applied towthe Iargq | npedance el enent and the el ectrode

1. A flowmeter, comprising:

2.

a flow pipe connected to electrical ground;

a magnetic coil adjacent the flow pipe and
oriented to provide magnetic flux in a
direction perpendicular to the flow of a
fluid through the flow pipe;

drive circuitry coupled to the magnetic coil
to energize the coil;

a pair of electrodes inside the pipe, the
impedance of the electrodes to ground
indicative of whether the fluid covers
the . electrodes;

means for producing a flow rate output as a
function of a potential difference
between the electrodes due to the
magnetic flux;

a signal source coupled to-at least one of the

" electrodes and to a sense resistor, the
source asynchronous with respect to the
energization of the magnetic coil, where
the signal is apportioned between the
sensing resistor and the electrode
impedance to ground so that a potential
across the gense resistor indicates
whether the fluid covers the electrodes.

The flowmeter of claim 1 where the signal

source comprises means for generiting a triangle wave.

3.

The flowmeter of claim 1 further comprising

signal processing means for providing an output
indicative of an empty pipe condition as a furiction of
the potential across the sense.resistor.
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| npedance to ground so that a potenti al across the | arge inpedance
el enment indicates whet her the fluid covers the el ectrodes. 2.

generating a triangie wave. 3. The fiowneter of ofal %j‘?,“ﬁﬁm&"ﬁwm
anplifier anplifies the potential difference across the | m ,H"}é
el enrent and provides an output related to an enpty pipe .
_11-
A flowmeter, comprising:

a pipe coupled to electrical ground apg
adapted to carry a fluidflowing through
the pipe;

coil means for applying a pulsed magnetic flux
in a direction substantially
perpendicular to a direction of fluid
flow;

a- first electrode and a second electrode
mounted in the pipe, where the firg: and
second electrodes detect an induceq
potential generated in the fluid dye to
the pulsed magnetic flux, the impedance
of the electrodes to ground varying as a
function of the impedance of the £luid;

flow rate means for producing a flow rate
output as a function of the potentia}
difference between the electrodes, -where
the flow signal is a.ditferential signa}
between the first and second electrodes ;
and

a current source providing a current which ig
apportioned to flowthrough at least one
of the electrodes and through a sense
resistor, the apportionmeant a functiop
of the impedance of the electrodes, so
that the potential difference acrogs the
sense resistor is a function of the
£luid impedance.

5, The flowmeter of claim 4 where the current
source is asynchronous with respect to the coi]
energization and generates a triangle wave,

6. The flowmeter of ‘claim & including gignaj .
processing means coupled to the sense resistor for

S - This ig the Tepl&camem sheet
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4. The flowreter of claim3 where the anplifier conprises an operational
anplifier connected with negative feedback to increase input inpedance and
" having a positive input connected to an el ectrode. This

e LT .

-12-

providing an output indicating an empty pipe condition
as a function of the potential difference across the
sense resistor. i

7. A flowmeter, comprising:

a pipe coupled to electrical ground and
édapted to carry a fluid flowing through
the pipe;

coil means for applying a pulsed magnetic f£lux
in a direction substantially
perpendicular to a direction of fluid
flow; . '

a first electrode and a second electrode
mounted in the pipe, where the first and
.second electrodes detect an -induced
potential generated in the fluid due to
the pulsed magnetic £lux, the impedance
of the electrodes to ground varying as a
function of the impedance of the fluid;

flow rate means for producing a flow rate’
cdutput as a function of the potential
difference between the electrodes, where
the flow signal is a differential signal
between the £irst and second electrodes;
and

means for applying a current aéynchronous to
the pulsed magneticflux to at least one
of the electrodes, and for dividing the
current into a first and a second part
as a function of the fluid impedance,
where the magnitude of current in the
one of the parts~ii representative of
the fluid impedance.

. A flowmeter coupled to a pipé through which a
luid flows, the flowmeter providing a flow output as a
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capaci tor connected between the | arge inpedance el ement and one of the

el ectrodes. 6. The flowreter of claim1 further conprising signal
processing means for providing an output indicative of Tgas B laced
condition as a function of the potential across the |ar .

el ement . 7. A flowreter, conprising: a pi pe couql ca
ground and adapt ed to carry a fluid flow ng through the pipe;
coil nmeans for applying a pul sed magnetic flux in a direction
substantially perpendicular to a —laiﬁ rection of fluid flow

function of the rate of fluid flow, the flowmeter having
a coil energized to brcvide a magnetic flux which
induces a potential field within the fluid and having a
pair of electrodes coupled to the fluid for sensing a
potential difference varying as a function of the flow
rate, where the improvement comprises:
an asynchronous AC current source coupled to
at least one of the electrodes and to a
sense resistor, the electrodes having an
impedance varying "with the level of
£fluid in the pipe, the current dividing
between the sense resistor and the
electrode impedance so that the
potential difference across the sense
resistor is.repteéentative of the fluid
impedance; and
comparison means coupled to the sense resistor
for comﬁaring the potential difference
across the sense resistor to a refe;ehce
potential and providing an output
indicating an empty pipe condition when
the sensed potential is less than the
reference potential.
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a first electrode and a second el ectrode nounted i n the pipe,
where the first and second el ectrodes detect an induced potentia
generated in the fluid due to the pul sed magnetic flux, the

i npedance of the el ectrodes to ground varying as a function

of the inpedance of the fluid; florlrate means for producing a flow
rate out put as a function of ﬁe potential difference

S onal between e MASNELE FigidEres Wt TR, ei#? s
current source providing a XBSTRNCT vOF CTHE | & t hrough at Ieast
oRe of the el ectrodes apgl electromabﬁ&@ﬂgh %1H¥&¥3fiﬂvm@aﬁﬁ ekgg?nt SO
that includes empty pipe detection circuitry. The empty pipe
detection pircuipry applies a common mode agynchronous
signal into a pair of electrodes (16A,16B) in the
flowmeter (26). Impedance of fluid is determined by
measuring the magnitude of the asynchronous signal
between an electrode (16A,16B) and electrical ground.
Impedance is used to determine an empty pipe condition.

FIGURE 2

is Sheet Has Been Rej laced
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-12- - the potential difference across the |arge
| npedance elenent is a function of the fluid | npedance, wherein
the current source is asynchronous with the pul sed magnetic fl ux

provi ded by the coil neans.

/
}
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8. The flowneter of claim7 where the current source is asynchronous with
respect to the coil energization and generates a triangle wave. 9. The
flowreter of claim7 further conprising an anplifier with |arge input

I npedance whi ch senses the potential across the |arge inpedance el enent.
10. The flowreter of claim9 where the anplifier conprises an operational
anplifier connected with negative feedback to increase input inpedance and
having a positive input connected to the el ectrode.

ouUTPUT
/38
SIGNAL
PROCESSING

FLOW DETECTION
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11. The flowreter of claim 7 including a DC bl ocking capacitor connected

bet ween the | arge i npedance el enent and the el ectrode. 12. The fl owneter

of claim?7 including signal processing nmeans coupled to the | arge inpedance

el enment sensing potential across the |large inpedance el enent and

responsively for providing an output indicating an enpty pipe condition as

a function of the potential difference across the |arge inpedance el enent.
3
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13. A flowneter, conpri si ng: a pipe coupled to electrical ground and
adapt ed to carry a fluid. flow ng throtgh-th e —c-0t~t
neans for applying a pul sed magnetic flux in ké#ﬁi¢ﬁM@ﬁn"SHEET§ 5G i
-13 - £} Description : paged ..... to paged ..... ;
™ Claim(s) :paged.®.to paged.:% |
g - 10 - O Drawing(s) : paged ..... to paged ..... }
{1 Abstract  :paged.....to paged .....
CLAIMS : DATE OF RECEIPT..2AleidT......
1. A flowmeter, comprising:

a flow pipe connected to electrical ground;

a magnetic coil adjacent the flow pipe and
oriented to provide magnetic flux in a
direction perpendicular to the flow of a
fluid through the flow pipe;

drive circuitry coupled to the magnetic coil to
energize the coil;

a pair of electrodes inside the pipe, the
impedance of the electrodes to ground
indicative of whether the fluid covers the
electrodes;

means for producing a flow rate output as a
function of a potential difference between
the electrodes due to the magnetic flux; and

a signal source operably coupled to at least one
of the electrodes and to a large impedance
element, the source asynchronous with
respect to the energization of the magnetic
coil, where the signal is applied to the
large impedance element and the electrode
impedance to ground so that a potential
across the large impedance element indicates
whether the fluid covers the electrodes.

2. The flowmeter of claim 1 where the signal source
comprises means for generating a triangle wave.

3. The flowmeter of claim 1 where an amplifier
amplifies the potential difference across the large
impedance element and provides an output related to an
empty pipe condition.
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a: direction substantially perpendicular to a direction of fluid

flow, a first electrode and a. second el ectrode nounted I n

t he pi pe, where the first and second el ectrodes detect an induced
potenti al generated in the fluid due to the pul sed

magnetic flux, the inpedance of the el ectrodes to ground varying
as a function of the inpedandd of the fluid; flow rate neans
for producing a flow rate output as a function of the potentia

di fference bet ween the el ectrodes, where the flow

signal is a ditfercRhpaflowgatprpefuedainnd where the pmpddfier second

el ectrodes; angompris8Bagf Bﬁéréﬁ&bﬁbm?atﬁﬁiﬂﬂéﬁ coshReReeNQMTH 0 the
(0] e

pul sed magnetic flux to atdngit one

negative fee to increase input impedance and

having a positive input connected to an electrode.

5. The flowmeter of claim 1 including a DC blocking
capacitor connected between the large impedance
element and one of the electrodes.

6. The flowmeter of claim 1 further comprising
signal processing means for providing an output
indicative of an empty pipe condition as a function of
the potential across the large impedance element.

7. A flowmeter, comprising:

a pipe coupled to electrical ground and adapted
to carry a fluid flowing through the pipe;

coil means for applying a pulsed magnetic flux in
a direction substantially perpendicular to a
direction of fluid flow;

a first electrode and a second electrode mounted
in the pipe, where the first and second
electrodes detect an induced potential
generated in the fluid due to the pulsed
magnetic flux, the impedance of the
electrodes to ground varying as a function
of the impedance of the fluid;

flow rate means for producing a flow rate output
as a function of the potential difference
between the electrodes, where the flow
signal is a differential signal between the
first and second electrodes; and

a current source providing a current which flows
through at least one of the electrodes and
through a large impedance element, so that
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et ectrodes and a | ar ge i npedance el enent, where the magni tude of

current in the |large | npedance elenent is representative of the
ftuid i npedance, wherein the current source i s asynchronous with
t he pul sed magnetic fl ow provided by the coil neans. 14. A

f]l owreter coupled to a pipe through which a fluid flows, the flowreter
providing a flow output as a functionr &2 the rate of fluid flow, the

fl owmmeter having a coil energized to provide a nmagnetic flux which induces
a potential field within the fluid and _having a pair of electrodes coupled
to the fluid for sensingtBepBPERRtaRlIALEERERPESY ALYFPRS &8 lRXg& i on of

the flow rate, where thejmpBaanesealem8AR’ i8€8: function of the fluid
impedance, wherein the current source is
asynchronous with the pulsed magnetic flux
provided by the coil means.

8. The flowmeter of claim 7 where the current source
is asynchronous with respect to the coil energization
and generates a triangle wave.

9. The flowmeter of claim 7 further comprising an
amplifier with large input impedance which senses the
potential across the large impedance element.

10. The flowmeter of claim 9 where the amplifier
comprises an operational amplifier connected with
negative feedback to increase input impedance and
having a positive input connected to the electrode.

11. The flowmeter of claim 7 including a DC blocking
capacitor connected between the large impedance
element and the electrode.

12. The flowmeter of claim 7 including signal
processing means coupled to the large impedance
element sensing potential across the large impedance
element and responsively for providing an output
indicating an empty pipe condition as a function of
the potential difference across the large impedance

element.

13. A flowmeter, comprising:
a pipe coupled to electrical ground and adapted
to carry a fluid flowing through the pipe;
coil means for applying a pulsed magnetic flux in
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an asynchronous AC current source coupled to at

el ectrodes and to a | arge » I npedance el enent, the el ectrodes
hravi ng an i npedance varying with the level of fluid in

-14

Y - 13 -

a direction substantially perpendicular to a
direction of fluid flow;

a first electrode and a second electrode mounted

flow

in the pipe, where the first and second
electrodes detect an induced potential
generated in the fluid due to the pulsed
magnetic flux, the impedance of the
electrodes to ground varying as a function
of the impedance of the fluid;

rate means for producing a flow rate output
as a function of the potential difference
between the electrodes, where the flow
signal is a differential signal between the
first and second electrodes; and

means for applying a current asynchronous to the

pulsed magnetic flux to at least one of the
electrodes and a large impedance element,
where the magnitude of current in the large
impedance element is representative of the
fluid impedance, wherein the current source
is asynchronous with the pulsed magnetic
flow provided by the coil means.

14. A flowmeter coupled to a pipe through which a
fluid flows, the flowmeter providing a flow output as
a function of the rate of fluid flow, the flowmeter

having a coil energized to provide a magnetic flux

which induces a potential field within the fluid and

having a pair of electrodes coupled to the fluid for

sensing a potential difference varying as a function

of the flow rate, where the improvement comprises:

an asynchronous AC current source coupled to at

- —

STy

least one of the electrodes and to a large
impedance element, the electrodes having an
impedance varying with the level of £luid in

2 4 OCT 1997

| east one of
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rhe'pfpe, whi ch provides a current to the | ar ge i npedance el enent and

the el ectrode | npedance so that t*he potential difference across
t’he | arge inpedance el enent is representative of the fluid inpedance;
and conpari son.nmeans coupled to the | arge inpedance el enent for
gonparing the potenti al di fference across the | arge inpedance

elenent to a refer'ence potential and- 14 -providing an output indicating an
enpty pipe condition when the sensed potential is |ess t han t he

reference potenti al . . ) )
the pipe, which provides a current to the

large impedance element and the electrode
impedance so that the potential difference
across the large impedance element is
representative of the fluid impedance; and

comparison means coupled to the large impedance
element for comparing the potential
difference across the large impedance
element to a reference potential and
providing an output indicating an empty pipe
condition when the sensed potential is less
than the reference potential.

[

(A
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MAGNEIC FLOWMETER WITH EMPTY PIPE DETECTOR
ABSTRACT OF THE DISCLOSURE

An electromagnetic fluid flowmeter (26)
includes empty pipe detection circuitry. The empty pipe
detection circuitry applies a common mode asynchronous
signal into a pair of electrodes (16A,16B) in the
flowmeter (26). Impedance of fluid is determined by
measuring the magnitude of the asynchronous signal
between an electrode (16A,16B) and electrical ground.
Impedance is used to determine an empty pipe condition.
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