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(57) Abstract: A system, method, and software are disclosed that determine a proportion of a majority component of a fluid that is
flowing through a Coriolis flowmeter (404). Circuitry (402) reccives pickoff signals (432) and a temperature signal (434) from the
~~. Coriolis flowmeter responsive to the fluid being flowed through the Coriolis flowmeter. The circuitry processcs the pickoff signals
and the temperature signal to determine a proportion of the majority component relative to the tluid. To determine the proportion of
the majority component in onc example, the circuitry determines a first volumetric flow rate based on a measured mass flow rate of
the fluid and a reference density of the majority component. The circuitry then determines a second volumetric flow rate based on a
measured volumetric flow rate, a temperature-varying density, and the reference density. ‘The circuitry determines the proportion of
the majority component based on the first volumetric flow rate and the second valumerric flow rate.
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A MAJORITY COMPONENT PROPORTION DETERMINATION
OF A FLUID USING A CORIOLIS FLOWMETER

Field of The Invention

The invention relates to flowmeters, and in particular, to methods and systems for
determining a proportion of a majority component relative to a fluid flowing through a
Coriolis flowmeter.

Statement Of The Problem

When a fluid that is being delivered through a pipline is measured, the amount of the
fluid delivered is measured in terms of volumetric flow. The term “fluid” refers to any
material in a liquid or solid state that flows. The volumetric flow rate is used to bill a
customer for the amount of fluid delivered. A turbine, a positive displacement meter, or
some other measurement system, measures the volume of the fluid as the fluid is delivered
to the customer. The measurement system also measures the temperature of the fluid. The
measurement system adjusts the volumetric measurement to a reference temperature. The
customer is then billed based on the adjusted volumetric measurement.

Many fluids are sold based on standard conditions, which means that the
measurement system assumes that the fluid being sold is pure. However, the fluid may be
comprised of more than one component. A majority component represents a pure fluid that
is being measured, such as the fluid being sold. The minority components represent
impurities mixed in with the majority component.

For example, propane that is delivered to customers can be mixed with other
components such as ethane, methane, etc. The ethane and methane are impurities that
negatively affect the purity of the propane. A mixture of propane, ethane, and methane
includes a discrete propane component, a discrete ethane component, and a discrete methane
component. Unfortunately, turbines and positive displacement meters cannot effectively
determine the proportion of the majority component relative to the fluid being delivered to a
customer. Consequently, the customers are billed as if the fluid is pure. ‘

One way to measure a mass flow of a fluid is with a Coriolis-effect mass flowmeter.
Coriolis flowmeters measure mass tlow and other information for fluids flowing through a
flow tube in the flowmeter. Exemplary Coriolis flowmeters are disclosed in U.S, Pat. No.

4,109,524 of August 29, 1978, U.S. Pat. No. 4,491,025 of January 1, 1985, and Re. 31,450
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of February 11, 1982, all to J. E. Smith et al. Flowmeters are comprised of one or more
flow tubes of a straight or curved configuration. Each flow tube configuration in a Coriolis
flowmeter has a set of natural modes of vibration, which may be of a simple bending,
twisting, torsional or coupled type. Each flow tube is driven to oscillate at a resonance in
one of these natural modes of vibration. Fluid flows into the flowmeter from a connected
pipeline on the inlet side of the flowmeter. The fluid is directed through the flow tube(s),
and exits the flowmeter through the outlet side of the flowmeter. The natural vibration
modes of the vibrating, fluid-filled system are defined in part by the combined mass of the
flow tubes and the mass of the fluid flowing through the flow tubes.

As fluid begins to flow, Coriolis forces cause points along the flow tubes to have a
different phase. The phase on the inlet side of the flow tube commonly lags the driver while
the phase on the outlet side of the flow tube leads the driver. Pickoffs are affixed to the
flow tube(s) to measure the motion of the flow tube(s) and generate pickoff signals that are
representative of the motion of the flow tube(s).

Meter electronics or any other ancillary electronics or circuitry connected to the
flowmeter receive the pickoff signals. The meter electronics processes the pickotf signals to
determine the phase difference between the pickoft signals. The phase difference between
two pickoff signals is proportional to the mass flow rate of fluid through the flow tube(s).
Therefore, the meter electronics can determine the mass flow rate of a fluid flowing through
the flowmeter based on the pickoff signals.

An important component of Coriolis flowmeters and of vibrating tube densitometers
is the drive or excitation system. The drive system operates to apply a periodic physical
force to the flow tube, which causes the flow tube to oscillate. The drive system includes a
driver mechanism mounted to the flow tube(s) of the flowmeter. The drive system also
includes a drive circuit that generatcs a drive signal to operate the driver mechanism. The
driver mechanism typically contains one of many well known arrangements, such as a
magnet mounted to one flow tube and a wire coil mounted to the other flow tube in an
opposing relationship to the magnet.

A drive circuit continuously applies a periodic driver voltage to the driver
mechanism. The drive voltage is typically sinusoidally or square shaped. In a typical
magnetic-coil drive mechanism, the periodic drive voltage causes the coil to produce a

continuous alternating magnetic field. The alternating magnetic field of the coil and the
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constant magnetic field produced by the magnet force the flow tube(s) to vibrate in a
sinusoidal pattern. Those skilled in the art will appreciate that any device capuble of
converting an electrical signal to mechanical force is suitable for application as a driver
mechanism (Sce, U.S. Patent 4,777,833 issued to Carpenter and assigned on its face to
Micro Motion, Inc.). Also, the driver signal is not limited to a sinusoidal signal, but may be
any periodic signal (See, U.S. Patent 5,009,109 issued to Kalotay et. al. and assigned on its
face to Micro Motion, Inc.).

As stated above, the meter electronics determines the mass flow rate of a fluid
flowing through the flowmeter. The meter electronics also infers the density of the fluid
based on the pickoff signals. Any density variations that are differcnt than the known,
reference densities are assumed to be due to temperature and not on the purity of the fluid.
Based on the measured mass flow rate and the inferred density of the fluid, the meter
electronics determines the volumetric flow rate of the fluid flowing through the flowmeter.
Unfortunately, current Coriolis flowmeters have not been effectively adapted to measure the
proportion of a majority component relative to the fluid. Customers may therefore be billed
for less than pure fluids.

Statement Of The Solution

The invention helps to solve the above problems, and an advance in the art is made,
by systems, methods, and software configured to determine a proportion of a majority
component relative to a fluid flowing through a Coriolis flowmeter. The invention
advantageously provides a more accurate measurement of the amount, purity, and quality of
a fluid being delivered. The invention also allows customers to be more accurately billed
for fluids being purchased.

In one example of the invention, circuitry is configured to communicate with a
Coriolis flowmeter to implement the invention. The circuitry comprises an interface means
configured 1o receive pickoff signals and a temperature signal from the Coriolis flowmeter
responsive to a fluid flowing through the Coriolis flowmeter. The fluid comprises a
majority component. The interface means is also configured to transfer the pickoff signals
and temperature signal to the processing means. The processing means is configured to
process the pickoff signals and the lemperature signal to determine a proportion of the

majority component relative to the fluid.
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I another example of the invention, the circuitry executes the following process to
determine the proportion of the majority component. To start, the circuitry processes the
pickoff signals to determine a mass flow rate of the fluid. The circuitry then‘ divides the
mass flow rate by a reference density of the majority component to yield a first volumetric
flow rate. The reference density represents the density of the majority component at a
reference temperature. The circuitry then processes the pickoff signals to determine a
measured volumetric flow rate of the fluid flowing through the Coriolis flowmeter. The
circuitry then determines a temperature-varying density. The circuitrif multiplies the
measured volumetric flow rate by the temperature-varying density to yield a product. The °
circuitry then divides the product by the reference density to yield a second volumetric flow

rate. If the first volumetric flow rate equals the second volumetric flow rate, then the fluid

s substantially pure. If the first volumetric flow rate does not equal the second volumetric

flow rate, then the fluid is comprised of one or more minority components in addition to the
majority component. '

In anothexl example of ihe invention, the circuitry executes the following process to
determine the proportion of the majoﬁty component. To start, the circuitry processes the
pickoff signals to determine a measured density of the fluid. The'circuitry then processes
the temperature signal to determine a temperature of the fluid. The circuitry determines a
temperature-varying density based on the temperature. If the measured density equals the
temperature-varying density, then the fluid is substantially pure. If the measured density
does not equal the temperature-varying density, then the fluid is comprised of one or more
minority compenents in addition to the majoriiy component.

One aspect of the invention includes, a method of operating circuitry in
communication with a Coriolis flowmeter, the method comprising the steps of:

receiving pickoff signals from the Coriolis flowmeter responsive to a fluid being
flowed through the Coriolis flowmeter processing the pickoff signals to determine a
measured mass flow rate of the fluid and a measured volumetric flow rate of the fluid; and

calculating a first calculated volumetric flow rate of the fluid based on the measured
mass flow rate;

the method being characterized by the steps of:

calculating a second calculated volumetric flow rate of the fluid based on the

measured volumetric flow rate; and
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comparing the first calculated volumetric flow rate and the second calculated
volumetric flow rate to determine the purity of the fluid.

Preferably, the method further comprises the step of calculating a volume difference
between the first calculated volumetric flow rate and the second calculated volumetric flow
rate; and

adjusting the measured volumetric flow rate based on the volume difference.

Preferably, the method further comprises the steps of:

calculating a volume difference between the first calculated volumetric flow rate and
the second calculated volumetric flow rate; and

adjusting a cost for an amount of the fluid based on the volume difference.

Preferably, the fluid.comprises propane. ) . .

Preferably, the step of cﬁlculating a first calculated volumetric flow rate of the fluid
based on the measured mass flow rate further comprises the step of:

dividing the measured mass flow rate by a reference density of the fluid to determine
the first calculated volumetric flow rate. ' )

Preferably, the step of ca]énlating a second calculated volumetric flow rate of the
fluid based on the measured volumetric flow rate further comprises the steps of:

receiving a temperature signal from the Coriolis flowmeter representing the
temperature of the fluid;

processing the‘temperature signal to determine a temperature-varying density of the
fluid; '

multiplying the measured volumetric flow rate of the fluid and the
temperature-varying density to yield a product; and

dividing the product by a reference density of the fluid to yield the second calculated
volumetric flow rate.

Preferably, the step of processing the temperature signal to determine the
temperature-varying density of the fluid further comprises the step of:

adjusting the reference density of the fluid based on the temperature of the fluid.

Another aspect of the invention comprises, circuitry configured to communicate with

a Coriolis flowmeter, the circuitry comprising;
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an interface means configured to receive pickoff signals from the Coriolis flowmeter

jresponsive to a fluid being flowed through the Coriolis flowmeter and to transfer the pickoff

- signals;

a processing means configured to receive the pickoff signals, process the
pickoff signals to determine a measured mass flow rate of the fluid and a measured
volumetric flow rate of the ﬂﬁid, calculate a first calculated volumetric flow rate of the fluid
based on the measured mass flow rate, v

the circuitry befng characterized by the processing means being further configured
to:
“calculate a second calculated volumetric flow rate of the fluid based on the measured

volumetric flow rate, and compare the first calculated volumetric flow rate and,the second.

. calculated volumetric flow rate to determine the purity of the fluid.

Preferably, the processing means is further configured to:

calcul;ne a volume difference between the first calculated volumetric flow rate and
the second calculated volumetric flow rate; and ‘

adjust the measured volumietric flow rate based on the volume difference.

Preferably, the processing means is further configured to: -

calculate a volume difference between the first calculated volumetric flow rate and
the second calculated volumetric flow rate; and '

adjust a cost for an amount of the fluid based on the volume difference.

Preferably, the fluid comprises propane. .

Preferably, the processing rneans is forther configured to:

divide the measured mass flow rate by a reference density of the fluid to determine
the first calculated volumetric flow rate,

Preferably, the pr(;cessing means is further configured to:

receive a temperature signal from the Coriolis flowmeter representing the
temperature of the fluid; i

process the temperature signal to determine a temperature-varying density of the
fluid;

multiply the measured volumetric flow rate of the fluid and the temperature-varying
density to yield a product; and '
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divide the product by a reference density of the fluid to yield the second calculated
volumetric flow rate, )

Preferably, the processing means is further configured to:

adjust the reference density of the fluid based on the temperature of the fluid to -
determine the temperature-varying density.

Another aspect of the invention comprises a software product for use with a Coriolis
flowmeter, the software product comprising:

a processo}; _

proportion software configured when executed by the processor to receive picko_ff

signals from the Coriolis flowmeter responsive to a fluid being flowed through the Coriolis

- flowmeter process the pickoff signals to determine a measured mass flow rate of the fluid . ...

and a measured volumetric flow rate of the fluid, calculate a first calculated volumetric flow
rate of the fluid based on the measured mass flow rate; and

storage media configured to store the proportion software for the processor;

the software product characterized by: .

the proportion software being further configured when executed by the

processor to calculate a second calculated volumetric flow rate of the fluid based on the
measured volumetric flow rate, and compare the first calculated volumetric flow rate and
the second calculated volumetric flow rate to determine the purity of the fluid.

Preferably, the proportion software is further configured, when executed by the
processor, to:

calculate a volume difference between the fizst calculated volumetric flow rate and
the second calculated volumetric flow rate; and

adjust the measured volumetric flow rate based on the volume difference.

Preferably, the proportion software is further configured, when executed by the
processor, to:

calculate a volume difference between the first calculated volumetric flow rate and
the second calculated volumetric flow rate; and

adjust a cost of an amount of the fluid based on the volume difference.

Preferably, the fluid comprises propane. '

Preferably, the proportion software is further configured, when executed by the

processor, to:
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divide the measured mass flow rate by a reference density of the fluid to
determine the first calculated volumetric flow rate.

Preferably, the proportion software is further configured, when executed by the
processor, to:

receive a temperature signal from the Coriolis Flowmeter representing the
temperature of the fluid;

process the temperature signal to determine a temperature-varying density of the
fluid;

multiply the measured volumetric flow rate of the fluid and the temperature-
varying density to yield a product; and

divide the product by a reference density of the fluid to yield the second
calculated volumetric flow rate.

Preferably, the proportion software is further configured, when executed by the
processor, to:

adjust the reference density of the fluid based on the temperature of the fluid to
determine the temperature-varying density.

Description of the Drawings

The above and other features of the invention can be understood from reading
the detailed description and the following drawings.

FIG. 1 illustrates a dual tube Coriolis flowmeter in the prior art;

FIG. 2 illustrates a single straight tube Coriolis flowmeter the prior art;

FIG. 3 is a block diagram illustrating meter electronics configured to
communicate with a Coriolis flowmeter in an example of the invention;

FIG. 4 is a block diagram illustrating circuitry configured to communicate with
a Coriolis flowmeter in an example of the invention;

FIG. 5 is a logic diagram illustrating a process to determine a proportion of a
majority component in a fluid in an example of the invention;

FIG. 6 is a flow diagram illustrating a process executed by circuitry if a fluid
contains minority components in an example of the invention;

FIG. 7 is a flow diagram illustrating a process executed by circuitry if a fluid

contains minority components in an example of the invention; and

8
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FIG. 8 is a logic diagram illustrating another process to determine a proportion of a

majority component in a fluid in an example of the invention.
Detailed Description
FIGS. 1-3 show examples of systems that can be used to implement the invention.

The scope of the invention is not limited to the particular components shown and described

in FIGS. 1-3, but rather the scope of the invention is defined by the claims.

Dual Tube Cariolis Flowmeter — FIG. 1
FIG. | shows a Coriolis flowmeter S in prior art. Coriolis flowmeter 5 comprises a

Coriolis sensor 10 and meter electronics 20. Meter electronics 20 is connected to Coriolis

sensor 10 via leads 100. Meter electronics 20 is configured to provide density, mass flow
rate, volumetric flow rate, totalized mass flow, and other information over path 26. Coriolis

flowmeter 5 is described although it is apparent to those skilled in the art that the present

invention could be practiced in conjunction with any apparatus having a vibrating flow tube

to measure properties of fluid. A second example of such an apparatus is a vibrating tube

densitometer, which does not have the additional measurement capability provided by a

Coriolis mass flowmeter.

Coriolis sensor 10 includes a pair of process connections 101 and 101", manifold

102, and flow tubes 103A and 103B. Driver 104, pickoff 105, and pickoff 105" are
connected to flow tubes 103A and 103B. Brace bars 106 and 106’ serve to define the axis

W and W' about which each flow tube oscillates. Those skilled in the art will appreciate

that additional pickoffs may be needed to implement the invention. The invention is not

limited to the configuration in FIG. 1 as FIG. 1 merely shows an example of a system (o

implement the invention.

When Coriolis sensor 10 is inserted into a pipeline system (not shown) which carries

the fluid that is being measured, the fluid enters Coriolis sensor 10 through process

connection 101. The fluid passes through manifold 102. Manifold 102 directs the fluid to

enter flow tubes 103A and 103B. The fluid flows through flow tubes 103A and 103B and

back into manifold 102. The fluid exits Coriotis sensor 10 through process connection 101",

Flow tubes 103A and 103B are selected and appropriately mounted to the manifold

102 s0 as to have substantially the same mass distribution, moments of inertia, and elastic

modules about bending axes W-W and W'-W', respectively. The flow tubes extend

outwardly from the manifold 102 in an essentially parallel fashion.

-11-




Detailed Description
FIGS. 1-3 show examples of systems that can be used to implement the invention.
The scope of the invention is not limited 1o the particular components shown and described
in FIGS. 1-3, but rather the scope of the invention is defined by the claims.

Dual Tube Coriolis Flowmeter -- FIG. |

FIG. | shows a Coriolis Nowmeter 5 in prior art. Coriolis flowmeter 5 comprises 3
Coriolis sensor 100 and meter electronics 20. Meter electronics 20 is connected to Coriolis
sensor 100 via leads 100. Meter electronics 20 is configured to provide densily, mass tlow
rate, volumetric flow rate, totalized mass flow, and other information over path 26. Coriolis
flowmeter 5 is described although it is apparcat to those skilled in the art that the present
invention could be practiced in conjunction with any apparatus having a vibrating flow tube
to measure properties of fluid. A second example of such an apparatus is a vibraling tube
densitometer, which does not have the additional measurement capability provided by a
Coriolis mass flowmeter.

Coriolis sensor 100 includes a pair ot process connections 101 and 101", manifold
102, and flow tubes 103A and 103B. Driver 104, pickoft 105, and pickoff 105" are
connected to flow tubes 103A and 103B. Brace bars 106 and 106' serve to define the axis
W and W' about which cach flow tube oscillates. Those skilled in the art will appreciate
that additional pickoffs may be needed to implement the invention. The invention is not
limited to the configuration in FIG. 1 as FIG. | merely shows an example of a system to
implement the invention.

When Coriolis sensor 100 is inserted into a pipeline system (not shown) which
carries the fluid that is being measured, the fluid enters Coriolis sensor 10 through process
connection 101. The fluid passes through manifold 102. Manifold 102 directs the fiuid to
enter flow tubes 103A and 103B. The fluid flows through flow tubes 103A and 1038 and
back into manifold 102. The fluid exits Coriolis sensor 10 through process connection 1ol

Flow tubes 103A and 103B are selected and appropriately mounted to the manifold
102 so as to have substantially the same mass distribution, moments of inertia, and elastic
modules about bending axes W-W and W'-W', respectively. The flow tubes extend
outwardly from the manifold 102 in an essentially parallel fashion.

Flow tubes 103A-103B are driven by driver 104 in phase opposition about their

respective bending axes, W and W, at what is termed the first out of phase bending mode

10
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of the flowmeter 5. Driver 104 may comprise any one of many well known arrangements,
such as a magnet mounted to flow tube 103A and an opposing coil mounted to flow ube
103B, through which an alternating current is passed for vibrating both flow tubes 03A-
103B. Meter electronics applies a drive signal to driver 104 via lead 110.

Driver 104 vibrates flow tubes 103A and 03B responsive to the drive signal.
Pickoffs 105 and 105" generate pickoff signals responsive to the natural modes of vibration
of flow tubes 103A and 103B. Pickoffs 105 and 105" transmit the pickoff signals to meter
electranics 20 on leads 111 and 111", respectively. Pickoff signals from pickoffs 105 and
105" can be referred to as left and right velocity signals, respectively. Meter electronics 20
processes the left and right velocity signals to compute the mass flow rate, volumetric flow
rate, totalized mass flow, and the density of the fluid passing through Corielis sensor 100.
Meter clectronics 20 applies the mass flow rate, volumetric flow rate, totalized mass flow,
and the density information to path 26.

Temperature sensor 140 is connected to one or both of vibrating flow tubes 103A
and 103B. Temperature sensor 140 detects the temperature of the fluid flowing through
flow tubes 103A and 103B. Temperature sensor 140 generates a temperature signal.
‘Temperature sensor 140 transmits the temperature signal to meter clectronics 20 over lead
112,

Those skilled in the art understand that Corielis flowmeter 5 is quite similar in
structure [o a vibrating tube densitometer. Vibrating tube densitometers also utilize a
vibrating tube through which fluid flows. In the case of sample-type densitometers, the
sample-type densitometers utilize a vibrating tube within which fluid is held. Vibrating fube
densitometers also employ a drive system for cxciting the flow tube to vibrate. Vibrating
tube densitometers typically utilize only single feedback signal because a density
measurement requires only the measurement of frequency, and a phase measurement is not
necessary. The descriptions of the present invention hierein apply eq ually to vibrating tube
densitometers.

A Single Straight Tube Coriolis Flowmeter - FIG, 2

FIG. 2 shows Coriolis flowmeter 25 in the prior art. Coriolis flowmeter 25

comprises a Coriolis sensor 200 and meter electronics 20. Meler electronics 20 is connected

13-
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to Coriolis sensor 200 via leads 230. Meter electronies 20 is configured to provide density,
mass flow rate, volumetric flow rate, totalized mass flow, and other informatien aver path
26.

Flow tube 201 includes a left end portion designated 201L and a right end portion
designated 201R. Flow tube 201 and its ends portions 20t L and 201R extend the entire
length of the flowmeter 25 from an input end of flow tube 201 to an output end of flow tube
201. Coriolis sensor 200 includes a balance bar 220 that is connected at its ends to flow
tube 201 by brace bar 221.

Left end portion 201L is affixed te an inlet process connection 202, Right end
portion 201R is affixed to an outlet process connection 202", Inlet process connection 202
and outlet process connection 202" are configured to connect Coriolis sensor 200 to a
pipeline (not shown).

It a well known conventional manner, a driver 204, a left pickoft 205, and a right
pickoff 205" are coupled to tlow tube 201 and balance bar 220. Meter electronics 20
transmits a driver signal to driver 204. Responsive to the driver signal, driver 204 vibrates
flow tube 20 l. and balance bar 220 in phase opposition at the resonant frequency of the
fluid-filled flow tube 201. The oscillation ot vibrating tlow tube 101 induces Coriolis
deflections in the flow tube 201 in a well known manner. The pickoffs 205 and 205" detect
the Coriotis deflections and transmit pickoff signals that represent the Coriolis deflections

over conductors 211 and 211

Temperature sensor 240 is connected to flow tube 201. Temperature sensor 240

- detects the temperature of the fluid flowing through flow tube 201. Temperature sensor 240

generates a temperature signal. Temperature sensor 240 transmits the temperature signal 1o
meter electronics 20 over lead 212.

Meter Electronics - FIG. 3
FIG. 3. shows meter electronics 200 in an example of the invention. in this

example, meter electronics 20 is shown 1o operate with Coriolis sensor 10 in FIG. 1. Meter
electronics 20 is comprised of Analog to Digital (A/D) convertors 303 and 303", processing
unit 301, Read Only Memory (ROM) 320, Random Access Memory (RAM) 330, Digital to
Analog (D/A) convertor 302, and amplifier 305. Meter electronics 20 is configured to
provide density, mass flow rate, volumetric flow rate, totalized mass flow, and other

information over path 26. Path 26 carries signals to input and output means (not shown},

12
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which allow meter electronics 20 to communicate with ancillary electronics, such as a
computer.

In operation, A/D convertors 303 and 303’ receive the left and right velocity signals
from pickoffs 105 and 105", respectively. A/D convertors 303 and 303' convert the left and
right velocity signals to digital signals usable by processing unit 301. A/D convertors 303
and 303' transmit the digital signals to processing unit 301 over paths 310 and 310"
Although shown as separate components, A/D convertors 303 and 303' may be a single
convertor, such a CS4218 Stereo 16-bit codec chip manufactured of Crystal Semi Inc. One
skilled in the art will appreciate that any number of pickoffs and other sensors may be
connected to processing unit 301. Processing unit 301 also receives the temperature signal
from temperature sensor 140 over lead 112.

Processing unit 301 is a micro-processor, processor, or group of processors that
reads instructions from a storage media and executes the instructions to perform the various
functions of flowmeter 5. In a preferred embodiment, processing unit 301 is a ADSP-2185L
microprocessor manufactured by Analog Devices. The functions performed include, but are
not limited to, computing mass flow rate of a fluid, computing volumetric flow rate of a
fluid, and computing density of a fluid. Processing unit 301 stores the functions in ROM
320 and reads the functions from ROM 320 via path 321. Processing unit 301 stores the
data and the instructions for performing the various functions in RAM 330. Processor 301
performs read and write operations in RAM 330 via path 331.

Processing unit 301 generates a digital driver signal and transmits the digital driver
signal over path 312. D/A convertor 302 receives the digital driver signal and a voltage
from one of pickoffs 105 and 105’ via path 340. The digital drive signal includes
instructions for modifying the voltage received over path 340 to generate an analog drive
signal. D/A convertor 302 is a common D/A convertor such as the AD7943 chip produced
by Analog Devices. D/A convertor 302 transmits the analog driver signal to amplifier 305
via path 391. Amplifier 305 amplifies the amplitude of the analog drive signal. Amplifier
305 transmits the analog drive signal to driver 104 via path 110. Amplifier 305 may be a
current amplifier or a voltage amplifier.

Majority Component Proportion Determination - FIG. 4
FIG. 4 depicts a specific example of circuitry in communication with a Coriolis

flowmeter in accord with the present invention. Those skilled in the art will appreciate
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numerous variations from this example that do not depart from the scope of the invention.
Those skilled in the art wilt also appreciate that various features described below could be
combined with other embodiments to form multiple variations of the invention. Those
skilled in the art will appreciate that some conventional aspects of FIG. 4 have been
simplified or omitted for clarity.

FIG. 4 illustrates circuitry 402 in communication with a Coriolis flowmeter 404 in
an example of the invention. The circuitry 402 is comprised of an interface means 414 and
a processing means 412. Flowmeter 404 is configured to receive a flow of fluid.
Flowmeter 404 could be, but is not limited to, flowmeter 5 in FIG. 1 or flowmeter 25 in
FIG. 2.

In operation, interface means 414 receives pickofT signals 432 and a temperature
signal 434 from flowmeter 404 responsive to the fluid being flowed through flowmeter 404,
The fluid comprises a majority component. Interface means 414 transfers the pickoff
signals 432 and the temperature signal 434 to processing means 412. Processing means 412
receives the pickoff signals 432 and the temperature signal 434. Processing means 412
processes the pickoff signals 432 and the temperature signal 434 to determine a proportion
of the majority component relative to the fluid.

In one example, the operation of circuitry 402 could be performed by processing
means 412 executing proportion software 424. Processing means 412 retrieves and
executes the proportion software 424 from storage media 422 to perform the above
described operation. The proportion software 424 is configured to direct the processing
means 412 to 1) receive pickoff signals and a temperature signal from the Coriolis
flowmeter responsive to a fluid being flowed through the Coriolis flowmeter wherein the
fluid comprises a majority component, and 2) process the pickoff signals and the
temperature signal to determine a proportion of the majority component relative to the fluid.

Proportion software 424 includes program code and firmware. Some examples of
storage media 422 are memory devices, tape, disks, intcgrated circuits, and servers. The
proportion software 424 is operational when executed by the processing means 412 to direct
the processing means to operate in accord with the invention. The processing means 412
refers to a single processing device or a group of inter-operational processing devices.

Some examples of processing means 412 are computers, integrated circuits, and logic
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circuitry. Those skilled in the art are familiar with instructions, processors, and storage
media.
Volumetric Flow Rate Determination - FIGS. 5-8

FIGS. 5-8 depict specific examples of logic used by circuitry in communication with
a Coriolis flowmeter in accord with the present invention. Those skilled in the art will
appreciate numerous variations from this example that do not depart from the scope of the
invention. Those skilled in the art will also appreciate that various features described below
could be combined with other embodiments to form multiple variations of the invention.
Those skilled in the art will appreciate that some conventional aspects of FIGS. 5-8 have
been simplified or omitted for clarity.

FIG. 5 illustrates a logic diagram depicting a process 500 executed by circuitry 402
in an example of the invention. For this example, assume that a fluid is flowing through
flowmeter 404. To determine the proportion of a majority component in a fluid, circuitry
402 determines a first volumetric flow rate and a second volumetric flow rate and compares
the flow rates. To determine the first volumetric flow rate, circuitry 402 processes the
pickoff signals 432 to determine a mass flow rate of the fluid in step 501. Circuitry 402
then divides the mass flow rate by a reference density of the majority component to yield the
first volumetric flow rate in step 503. The first volumetric flow rate can be represented by

the following equation [1]:

m
"= —N - meters’ / hour (1]
P

where m represents the mass flow rate and P, represents the reference density.

The density of fluids varies based on temperature and pressure. Fluids, by nature,
are relatively incompressible materials. In other words, a change in density based on
pressure is minimal compared to a change in density based on temperature. Therefore, a
standard pressure is assumed for this example. A density versus temperature curve can be
generated for many fluids. A reference temperature and corresponding reference density are
then selected for a particular majority component.

To determine the second volumetric flow rate, circuitry 402 processes the pickoff

signals 432 to determine a measured volumetric flow rate of the fluid flowing through
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flowmeter 404 in step 505. Circuitry 402 then determines a temperature-varying density in
step 507. The following equation [2] yields the temperature -varying density:

Premp = ~0000047° — 0.0047° - 136617 + 530.1 kg / meter’ 2]

where T represents a temperature determined from the temperature signal 434.

Circuitry 402 multiplies the measured volumetric flow rate by the temperature-
varying density to yield a product in step 509. Circuitry 402 then divides the product by the
reference density to yield the second volumetric flow rate in step 511. The second

volumetric flow rate is represented by the following equation [3]:

Premp
ref

V.=V N -meter® / hour 3]

2 measured

where V. represents the measured volumetric flow rate, represents the
measured temp

temperature-varying density, and p,,, represents the reference density.

If the first volumetric flow rate (¥,) equals the second volumetric flow rate (¥,), then
the fluid is substantially pure. In other words, the fluid is comprised entirely of the majority
component. If the first volumetric flow rate (V) does not equal the second volumetric flow
rate (V,), then the fluid contains minority components in addition to the majority
component.

FIG. 6 shows a flow diagram depicting a process 600 executed By circuitry 402 if the
fluid contains minority components in an example of the invention. Circuitry 402 divides
the first volumetric flow rate (¥,) by the second volumetric flow rate (¥,) to yield a volume
difference in step 601. The volume difference represents the proportion of the majority
component relative to the entire fluid. Circuitry 402 then adjusts the measured volumetric
flow rate of the entire fluid based on the proportion of the majority component. To adjust
the measured volumetric flow rate, circuitry 402 multiplies the volume difference by the
reference density of the majority component to yield an actual density of the fluid in step
603. Circuitry 402 then determines the adjusted volumetric flow rate of the majority
component based on the actual density in step 605. The customer is then billed for the

majority component based on the adjusted volumetric flow rate.
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FIG. 7 shows a tlow diagram depicting & process 700 executed by circuitry 402 if the
fluid contains minority components in an example of the invention. Circuitry 402 divides
the first volumetric flow rate (¥,) by the second volumetric flow rate (V) to yield a volume
diffcrence in step 701. When an amount of the fluid is delivered to a customer, circuitry
402 adjusts the cost of the amount of the fluid based on the volume difference in step 703.

FIG. 8 illustrates a logic diagram depicting a process 800 executed by circuitry 402
in an example of the invention. For this example, assume that a fluid is flowing through
flowmeter 404. To determine the proportion of a majority component in a fluid, circuitry
402 determines a measured density and a temperature-varying density and compares the
densities. To start, circuitry 402 processes the pickoff signats 432 to determine a measured
density of the fluid in step 801. Circuitry 402 then processes the tempcrature signal 434 to
determine a temperature-varying density using equation {2] in step 803. If the measured
density equals the temperature-varying density, then the fluid is substantially pure. If the
measured density does not equal the temperature-varying density, then the fluid contains
minority components in addition to the majority component.

[f the fluid contains minority components, then circuitry 402 divides the measured
densily by the temperaturc-varying density to yield a density difference in step 805.
Circuitry 402 can then adjust the volumetric flow rate of the majority component based on
the density difference as described in FIG. 6 using the density difference instead of the
volume difference. Circuitry 402 could also adjust the cost of the amount of the fluid based
on the density difference as described in FIG. 7 using the density difference instead of the
volume difference.

Majority Component Proportion Determination Example Using Propane

The foliowing are two examples of determining the proportion of propane relative to
an entire fluid flowing through fowmeter 404. For the first example, assume tha:

m = 5000 kg/h

T =25 degrees Celsius

V camres = 10.146 m*/h
where m represent mass flow rate of the fluid measured by flowmeter 404, T represents the

temperature of the fluid flowing through flowmeter 404, and V, ..., represents the

volumetric flow rate of the fluid measured by the flowmeter 404. Also assume that the
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reference density of propanc is 509 kg/m’. Using equation 1], circuitry 402 determines a

first volumetric flow rate.

Using equation {2], circuitry 402 determines a temperature-varying density.

Premp = ~000004T7 - 0.0047" - 136617 + 530.1 = 492.8kg/ m’

Using equation [3}, circuitry 402 determines a second volumetric flow rate.

pmnp 4928 3
= -— = —_— = 2
v, 10.146 509 9.823Nm"/h

measured
ref

Because equations [ 1] and [3] yield the same result, the fluid is comprised almost
entirely of propane. [n other words, the fluid is pure propane.

For the second example, assume that:

m = 5000 kg'h

T =25 degrees Celsius

ered = 1025 M/

where m represent mass flow rate of the fluid measured by flowmeter 404, T represents the
temperature of the fluid flowing through flowmeter 404, and V.., represents the
volumetric flow rate of the fluid measured by the flowmcter 404. Also assume that the

reference density of propane is 509 kg/m’. Using equation [1], circuitry 402 determines a

first volumetric flow rate.

__T__M_gsf):;i\] J/h
o, s09 TR

Using equation [2], circuitry 402 determines a temperature-varying density.

Premp = ~0.0000477 - 0.004T" - 136617 + 530.1 = 492.8ke/ m’

Using equation [3], circuitry 402 determines a second volumetric flow rate.

P remp

V.

- Vmcruuren‘

49238 :
=1025———=9924Nm’ /h
509

ref
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Equations [1] and [3] yield a different result. Therefore, circuitry 402
determines that the difference may be due impurities in the fluid in addition to the
propane. In other words, the fluid is not pure propane. Circuitry 402 can then calculate
an actual volumetric flow rate that takes into account the impurities in the fluid using
the process 600 in FIG. 6.

The reference to any prior art in this specification is not, and should not be
taken as, an acknowledgment or any form of suggestion that that prior art forms part of
the common general knowledge in Australia.

Throughout this specification and the claims which follow, unless the context
requires otherwise, the word "comprise”, and variations such as "comprises" and
"comprising”, will be understood to imply the inclusion of a stated integer or step or
group of integers or steps but not the exclusion of any other integer or step or group of

integers or steps.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method of operating circuitry in communication with a Coriolis
flowmeter, the method comprising the steps of :
receiving pickoff signals from the Coriolis flowmeter responsive to a fluid
being flowed through the Coriolis flowmeter;
processing the pickoff signals to determine a measured mass flow rate of the
fluid and a measured volumetric flow rate of the fluid; and
calculating a first calculated volumetric flow rate of the fluid based on the
measured mass flow rate;
the method being characterized by the steps of:
calculating a second calculated volumetric flow rate of the fluid based
on the measured volumetric flow rate; and
comparing the first calculated volumetric flow rate and the second

calculated volumetric flow rate to determine the purity of the fluid.

2. The method of claim | further comprising the steps of:
calculating a volume difference between the first calculated volumetric flow
rate and the second calculated volumetric flow rate; and
adjusting the measured volumetric flow rate based on the volume

difference.

3. The method of claim | further comprising the steps of:
calculating a volume difference between the first calculated volumetric flow
rate and the second calculated volumetric flow rate; and

adjusting a cost for an amount of the fluid based on the volume

difference.
4. The method of claim | wherein the fluid comprises propane.
5. The method of claim 1 wherein the step of calculating a first calculated

volumetric flow rate of the fluid based on the measured mass flow rate further
20
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comprises the step of:
dividing the measured mass flow rate by a reference density of the fluid to

determine the first calculated volumetric flow rate.

6. The method of claim 1 wherein the step of calculating a second
calculated volumetric flow rate of the fluid based on the measured volumetric flow rate
further comprises the steps of:

receiving a temperature signal from the Coriolis flowmeter representing the
temperature of the fluid;

processing the temperature signal to determine a temperature-varying density of
the fluid;

multiplying the measured volumetric flow rate of the fluid and temperature-
varying density to yield a product; and

dividing the product by a reference density of the fluid to yield the second

calculated volumetric flow rate,

7. The method of claim 6 wherein the step of processing the temperature
signal to determine the temperature-varying density of the fluid further comprises the
step of:

adjusting the reference density of the fluid based on the temperature of the fluid.

8. Circuitry configured to communicate with a Coriolis flowmeter, the
circuitry comprising:

an interface means configured to receive pickoff signals from the Coriolis
flowmeter responsive to a fluid being flowed through the Coriolis flowmeter and to
transfer the pickoff signals,

a processing means configured to receive the pickoff signals, process the
pickoff signals to determine a measured mass flow rate of the fluid and a measured
volumetric flow rate of the fluid, calculate a first calculated volumetric flow rate of the
fluid based on the measured mass flow rate,

the circuitry being characterized by the processing means being further
configured to:
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calculate a second calculated volumetric flow rate of the fluid based on the
measured volumetric flow rate, and
compare the first calculated volumetric flow rate and the second calculated

volumetric flow rate to determine the purity of the fluid.

9. The circuitry of claim 8 wherein the processing means is further
configured to:

calculate a volume difference between the first calculated volumetric flow rate
and the second calculated volumetric flow rate; and

adjust the measured volumetric flow rate based on the volume difference.

10.  The circuitry of claim § wherein the processing means is further
configured to:

calculate a volume difference between the first calculated volumetric flow rate
and the second calculated volumetric flow rate; and

adjust a cost for an amount of the fluid based on the volume difference.

11. The circuitry of claim 8 wherein the fluid comprises propane.

12.  The circuitry of claim 8 wherein the processing means is further
configured to:
divide the measured mass flow rate by a reference density of the fluid to

determine the first calculated volumetric flow rate.

13.  The circuitry of claim 8 wherein the processing means is further
configured to:

receive a temperature signal from the Coriolis flowmeter representing the
temperature of the fluid;

process the temperature signal to determine a temperature-varying density of the
fluid;

multiply the measured volumetric flow rate of the fluid and the temperature-
varying density to yield a product; and
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divide the product by a reference density of the fluid to yield the second

calculated volumetric flow rate.

14, The circuitry of claim 13 wherein the processing means is further
configured to:
adjust the reference density of the fluid based on the temperature of the fluid to

determine the temperature-varying density.

15. A software product for use with a Coriolis flowmeter, the software
product comprising:

a processor;

proportion software configured when executed by the processor to receive
pickoff signals from the Coriolis flowmeter responsive to a fluid being flowed though
the Coriolis flowmeter process the pickoff signals to determine a measured mass flow
rate of the fluid and a measured volumetric flow rate of the fluid, calculate a first
calculated volumetric flow rate of the fluid based on the measured mass flow rate; and

storage media configured to store the proportion software for the processor;

the software product characterized by:

the proportion software being further configured when executed by the
processor to calculate a second calculated volumetric flow rate of the fluid based on the
measured volumetric flow rate, and compare the first calculated volumetric flow rate

and the second calculated volumetric flow rate to determine the purity of the fluid.

16.  The software product of claim 15 wherein the proportion software is
further configured, when executed by the processor, to:

calculate a volume difference between the first calculated volumetric flow rate
and the second calculated volumetric flow rate; and

adjust the measured volumetric flow rate based on the volume difference.

17.  The software product of claim 15 wherein the proportion software is
further configured, when executed by the processor, to:
calculate a volume difference between the first calculated volumetric flow rate
23
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and the second calculated volumetric flow rate; and

adjust a cost of an amount of the fluid based on the volume difference.

18.  The software product of claim 15 wherein the fluid comprises propane.

19.  The software product of claim 15 wherein the proportion software is

further configured, when executed by the processor, to:

divide the measured mass flow rate by a reference density of the fluid to

determine the first calculated volumetric flow rate.

20.  The software product of claim 15 wherein the proportion software is
further configured, when executed by the processor, to:

receive a temperature signal from the Coriolis flowmeter representing the
temperature of the fluid;

process the temperature signal to determine a temperature-varying density of the
fluid;

multiply the measured volumetric flow rate of the fluid and the temperature-
varying density to yield a product; and

divide the product by a reference density of the fluid to yield the second

calculated volumetric flow rate.

21.  The software product of claim 20 wherein the proportion software is
further configured, when executed by the processor, to:

adjust the reference density of the fluid based on the temperature of the fluid to

determine the temperature-varying density.

22. A method of operating circuitry substantially as hereinbefore described

with reference to the steps defined in any one of claims 1 to 7.
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