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CORIOLIS FLOW METER NON-IDEAL FLUID MEASUREMENT AND
RELATED METHODS

FIELD OF THE INVENTION

The present invention relates to flowmeter devices and methods, and more
particularly, to flowmeter devices and methods for measuring ethylene, carbon dioxide,
ethane, and other fluids and fluid mixtures that are otherwise challenging to measure by

conventional means.

BACKGROUND

Vibrating conduit sensors, such as Coriolis mass flowmeters and vibrating
densitometers, typically operate by detecting motion of a vibrating conduit that contains
a flowing material. Properties associated with the material in the conduit, such as mass
flow, density, and the like, can be determined by processing measurement signals received
from motion transducers associated with the conduit. The vibration modes of the vibrating
material-filled system generally are affected by the combined mass, stiffness, and
damping characteristics of the containing conduit and the material contained therein.

A typical Coriolis mass flowmeter includes one or more conduits (also called flow
tubes) that are connected inline in a pipeline or other transport system and convey
material, e.g., fluids, slurries, emulsions, and the like, in the system. Each conduit may be
viewed as having a set of natural vibration modes, including for example, simple bending,
torsional, radial, and coupled modes. In a typical Coriolis mass flow measurement
application, a conduit is excited in one or more vibration modes as a material flows
through the conduit, and motion of the conduit is measured at points spaced along the
conduit. Excitation is typically provided by a driver, e.g., an electromechanical device,
such as a voice coil-type actuator, that perturbs the conduit in a periodic fashion. Mass
flow rate may be determined by measuring time delay or phase differences between
motions at the transducer locations. Two or more such transducers (or pickoff sensors)
are typically employed in order to measure a vibrational response of the flow conduits,
and are typically located at positions upstream and downstream of the driver.
Instrumentation receives signals from the pickoff sensors and processes the signals in

order to derive a mass flow rate measurement.
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Flowmeters may be used to perform mass flow rate measurements for a wide
variety of fluid flows. One area in which Coriolis flowmeters can potentially be used is
with processes that comprise Ethylene.

Ethylene is the most common feed-stock for many plastics manufacturing
processes. When transferring ethylene from one location to another (from a producer to
a user, for instance) it is often pumped at high pressure in its critical phase condition.
Critical phase ethylene has a much higher density than gaseous ethylene, so its pumping
costs are relatively low (a good analogy is high voltage power transmission). Mass flow
measurement is the preferred unit when measuring ethylene.

Unfortunately, critical phase ethylene exhibits properties that make accurate
measurements difficult, as it does not behave as an ideal gas. In particular, its density and
velocity-of-sound (VoS) properties exhibit large changes for relatively small changes in
temperature and/or pressure. This makes flow measurement very difficult for all
technologies, including Coriolis-based meters.

Critical phase ethylene is often transferred at pressures of 50 bar or higher.
Usually, temperature is approximately ambient, 20°C or so, but temperature can vary
depending on the ground conditions since the pipelines are often underground. In the
critical range, density changes dramatically with pressure and/or temperature changes.
For instance, a 1 psi change in pressure causes a 2 kg/m3 density change. This compares
to an ideal gas where the density changes less than 0.1 kg/m3 for the same change in
pressure.

In addition to changes in density, the magnitude of VoS changes are also sensitive
to pressure changes. A 1 psi pressure change causes a 5 m/s VoS change, whereas an
ideal gas does not change VoS at all when the pressure changes. This may present an
issue for a Coriolis mass flowmeter. In an example flowmeter, a 1 psi ethylene pressure
change can cause a 5 m/s VoS change, which in turn causes a 0.03% change in
measurement. This means that for a normal pipeline pressure variation of 100 psi, the
example flowmeter will exhibit an error of 3%, which is unacceptable. Our specification
1s 0.35% and typical measurement requirement is better than 0.5%. It will thus be clear
that if ethylene is operated in the critical phase region, large flowrate errors may be

encountered.
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A Coriolis flowmeter and method for operating the Coriolis flowmeter is provided,
wherein a density measurement provides a velocity of sound correction. This results in a

more accurate flow measurement over a wide range of ethylene operating conditions.

SUMMARY OF THE INVENTION

A method for operating a flowmeter is provided according to an embodiment. The
method comprises flowing a fluid through the flowmeter, and measuring an uncorrected
mass flow rate, temperature, and density of the fluid. A velocity of sound (VoS) of the
fluid is calculated. A mass flow rate error is calculated. A corrected mass flow rate of
the fluid is calculated.

A meter electronics for a flowmeter configured to receive a process fluid is
provided according to an embodiment. The meter electronics comprises an interface
configured to communicate with a flowmeter assembly of the flowmeter, and to receive a
vibrational response. A processing system is coupled to the interface comprising a mass
flow correction routine that is configured to: measure a temperature of the process fluid
in the flowmeter, measure a density of the process fluid in the flowmeter, calculate a
velocity of sound of the process fluid in the flowmeter, calculate a mass flow rate error,

and calculate a corrected mass flow rate of the process fluid in the flowmeter.

ASPECTS OF THE INVENTION

According to an aspect, a method for operating a flowmeter is provided that
comprises flowing a fluid through the flowmeter, and measuring an uncorrected mass
flow rate, temperature, and density of the fluid. A velocity of sound (VoS) of the fluid is
calculated. A mass flow rate error is calculated. A corrected mass flow rate of the fluid
is calculated.

Preferably, the fluid comprises a non-ideal fluid.

Preferably, the fluid consists of ethylene.

Preferably, the fluid comprises ethylene.

Preferably, the fluid consists of ethane.

Preferably, the fluid comprises ethane.

Preferably, the fluid consists of carbon dioxide.

Preferably, the fluid comprises carbon dioxide.
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Preferably, the fluid comprises one of freon, sulfur hexafluoride, and uranium
hexafluoride.

Preferably, the flowmeter comprises a Coriolis mass flowmeter.

Preferably, the flowmeter calculates the temperature of the fluid.

Preferably, the flowmeter calculates the density of the fluid.

Preferably, calculating the VoS of the fluid comprises using the temperature and
the density.

Preferably, calculating the VoS of the fluid comprises cross-referencing and
interpolating the temperature and the density using a VoS table.

Preferably, the VoS table comprises extrapolated VoS values.

Preferably, calculating mass flow rate error is calculated as:

2mfd)?
mass flow rate error = m, = C( ZZ ) %

Wherein:
C = meter constant (e.g.,%);
f = meter operating frequency, hz;
d = meter tube diameter, meters;
a = acoustic velocity (a.k.a.,VoS) of the fluid ,m/s.
Preferably, the corrected mass flow rate is calculated using the mass flow.

Preferably, the corrected mass flow rate is calculated as:

mass flow measured

Mme
700

Corrected mass flow =

According to an aspect, a meter electronics for a flowmeter configured to receive
a process fluid is provided. The meter electronics comprises an interface configured to
communicate with a flowmeter assembly of the flowmeter, and to receive a vibrational
response. A processing system is coupled to the interface comprising a mass flow
correction routine that is configured to: measure a temperature of the process fluid in the
flowmeter, measure a density of the process fluid in the flowmeter, calculate a velocity of
sound of the process fluid in the flowmeter, calculate a mass flow rate error, and calculate
a corrected mass flow rate of the process fluid in the flowmeter.

Preferably, the fluid comprises a non-ideal fluid.

Preferably, the fluid consists of ethylene.

Preferably, the fluid comprises ethylene.
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Preferably, the fluid consists of ethane.

Preferably, the fluid comprises ethane.

Preferably, the fluid consists of carbon dioxide.

Preferably, the fluid comprises carbon dioxide.

Preferably, the fluid comprises one of freon, sulfur hexafluoride, and uranium
hexafluoride.

Preferably, the flowmeter comprises a Coriolis mass flowmeter.

Preferably, the flowmeter calculates the temperature of the fluid.

Preferably, the flowmeter calculates the density of the fluid.

Preferably, calculating the VoS of the fluid comprises using the temperature and
the density.

Preferably, calculating the VoS of the fluid comprises cross-referencing and
interpolating the temperature and the density using a VoS table.

Preferably, the VoS table comprises extrapolated VoS values.

Preferably, the mass flow rate error is calculated as: mass flow rate error =

Wherein:
1
C = meter constant (e. g.,;);

f = meter operating frequency, hz;

d = meter tube diameter, meters;,

a = acoustic velocity (a.k.a.,VoS) of the fluid, m/s.
Preferably, the corrected mass flow rate is calculated using the mass flow.

Preferably, the corrected mass flow rate is calculated as:

mass flow measured

1+
100

Corrected mass flow =

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a flowmeter comprising a sensor assembly and meter electronics;

FIG. 2 shows a block diagram of the meter electronics according to an
embodiment;

FIG. 3 is a graph illustrating ethylene VoS versus pressure;

FIG. 4 is a graph illustrating ethylene VoS versus density;



10

15

20

25

30

WO 2023/278145 PCT/US2022/033530

FIG. 5A is a table indicating ethylene VoS based on density and temperature;

FIG. 5B is a table indicating ethylene VoS based on density and temperature,
having some values therein extrapolated;

FIG. 6 is a flow chart illustrating a method of mass flow correction;

FIG. 7 is a table indicating ethane VoS based on density and temperature; and

FIG. 8 is a table indicating carbon dioxide VoS based on density and temperature.

DETAILED DESCRIPTION

FIGS. 1-8 and the following description depict specific examples to teach those
skilled in the art how to make and use the best mode of the invention. For the purpose of
teaching inventive principles, some conventional aspects have been simplified or omitted.
Those skilled in the art will appreciate variations from these examples that fall within the
scope of the invention. Those skilled in the art will appreciate that the features described
below can be combined in various ways to form multiple variations of the invention. As
aresult, the invention is not limited to the specific examples described below, but only by
the claims and their equivalents.

FIG. 1 shows a flowmeter 5 according to an embodiment. The flowmeter 5
comprises a sensor assembly 10 and meter electronics 20. The meter electronics 20 is
connected to the sensor assembly 10 via leads 100 and is configured to provide
measurements of one or more of a density, mass flow rate, volume flow rate, totalized
mass flow, temperature, or other measurements or information over a communication path
26. The flowmeter 5 can comprise a Coriolis mass flowmeter or other vibratory
flowmeter. It should be apparent to those skilled in the art that the flowmeter 5 can
comprise any manner of flowmeter 5, regardless of the number of drivers, pick-off
sensors, flow conduits, or the operating mode of vibration.

The sensor assembly 10 includes a pair of flanges 101 and 101, manifolds 102 and
102, a driver 104, pick-off sensors 105 and 105’, and flow conduits 103A and 103B. The
driver 104 and the pick-off sensors 105 and 105" are connected to the flow conduits 103A
and 103B.

The flanges 101 and 101’ are affixed to the manifolds 102 and 102'. The manifolds
102 and 102’ can be affixed to opposite ends of a spacer 106 in some embodiments. The

spacer 106 maintains the spacing between the manifolds 102 and 102’. When the sensor



10

15

20

25

30

WO 2023/278145 PCT/US2022/033530

assembly 10 is inserted into a pipeline (not shown) which carries the process fluid being
measured, the process fluid enters the sensor assembly 10 through the flange 101, passes
through the inlet manifold 102 where the total amount of process fluid is directed to enter
the flow conduits 103A and 103B, flows through the flow conduits 103A and 103B and
back into the outlet manifold 102, where it exits the sensor assembly 10 through the
flange 101".

The process fluid can comprise a liquid. The process fluid can comprise a gas. The
process fluid can comprise a multi-phase fluid, such as a liquid including entrained gases
and/or entrained solids, for example without limitation. The flow conduits 103A and 103B
are selected and appropriately mounted to the inlet manifold 102 and to the outlet
manifold 102’ so as to have substantially the same mass distribution, moments of inertia,
and elastic moduli about the bending axes W-W and W'-W’', respectively. The flow
conduits 103A and 103B extend outwardly from the manifolds 102 and 102’ in an
essentially parallel fashion.

The flow conduits 103A and 103B are driven by the driver 104 in opposite
directions about the respective bending axes W and W' and at what is termed the first out
of phase bending mode of the flowmeter 5. The driver 104 may comprise one of many
well-known arrangements, such as a magnet mounted to the flow conduit 103A and an
opposing coil mounted to the flow conduit 103B. An alternating current is passed through
the opposing coil to cause both conduits to oscillate. A suitable drive signal is applied by
the meter electronics 20 to the driver 104 via lead 110. Other driver devices are
contemplated and are within the scope of the description and claims.

The meter electronics 20 receives sensor signals on leads 111 and 111’
respectively. The meter electronics 20 produces a drive signal on lead 110 which causes
the driver 104 to oscillate the flow conduits 103A and 103B. Other sensor devices are
contemplated and are within the scope of the description and claims.

The meter electronics 20 processes the left and right velocity signals from the pick-
off sensors 105 and 105" in order to compute a flow rate, among other things. The
communication path 26 provides an input and an output means that allows the meter
electronics 20 to interface with an operator or with other electronic systems. The

description of FIG. 1 is provided merely as an example of the operation of a flowmeter
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and is not intended to limit the teaching of the present invention. In embodiments, single
tube and multi-tube flowmeters having one or more drivers and pickoffs are contemplated.

The meter electronics 20 in one embodiment is configured to vibrate the flow
conduit 103A and 103B. The vibration is performed by the driver 104. The meter
electronics 20 further receives resulting vibrational signals from the pickoff sensors 105
and 105'. The vibrational signals comprise a vibrational response of the flow conduits
103A and 103B. The meter electronics 20 processes the vibrational response and
determines a response frequency and/or phase difference. The meter electronics 20
processes the vibrational response and determines one or more flow measurements,
including a mass flow rate and/or density of the process fluid. Other vibrational response
characteristics and/or flow measurements are contemplated and are within the scope of
the description and claims.

In one embodiment, the flow conduits 103A and 103B comprise substantially
omega-shaped flow conduits, as shown. Alternatively, in other embodiments, the
flowmeter can comprise substantially straight flow conduits, U-shaped conduits, delta-
shaped conduits, etc. Additional flowmeter shapes and/or configurations can be used and
are within the scope of the description and claims.

FIG. 2 is a block diagram of the meter electronics 20 of a flowmeter 5 according
to an embodiment. In operation, the flowmeter 5 provides various measurement values
that may be outputted including one or more of a measured or averaged value of mass
flow rate, volume flow rate, individual flow component mass and volume flow rates, and
total flow rate, including, for example, both volume and mass flow.

The flowmeter 5 generates a vibrational response. The vibrational response is
received and processed by the meter electronics 20 to generate one or more fluid
measurement values. The values can be monitored, recorded, saved, totaled, and/or
output.

The meter electronics 20 includes an interface 201, a processing system 203 in
communication with the interface 201, and a storage system 204 in communication with
the processing system 203. Although these components are shown as distinct blocks, it
should be understood that the meter electronics 20 can be comprised of various

combinations of integrated and/or discrete components.
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The interface 201 is configured to communicate with the sensor assembly 10 of
the flowmeter 5. The interface 201 may be configured to couple to the leads 100 (see
FIG. 1) and exchange signals with the driver 104, pickoff sensors 105 and 105', and
temperature sensors (not shown), for example. The interface 201 may be further
configured to communicate over the communication path 26, such as to external devices.

The processing system 203 can comprise any manner of processing system. The
processing system 203 is configured to retrieve and execute stored routines in order to
operate the flowmeter 5. The storage system 204 can store routines including a flowmeter
routine 205, a mass-weighted density/viscosity routine 209, a mass-weighted temperature
routine 211, a velocity of sound routine 213, and a mass flow correction routine 215.
Other measurement/processing routines are contemplated and are within the scope of the
description and claims. The storage system 204 can store measurements, received values,
working values, and other information. In some embodiments, the storage system stores
amass flow () 221, a density (p) 225, a viscosity (n) 223, a temperature (T) 224, a drive
gain 306, a drive gain threshold 303, a velocity of sound 244, a pressure 248, and any
other variables known in the art.

The flowmeter routine 205 can produce and store fluid quantifications and flow
measurements. These values can comprise substantially instantaneous measurement
values or can comprise totalized or accumulated values. For example, the flowmeter
routine 205 can generate mass flow measurements and store them in the mass flow 221
storage of the storage system 204, for example. The flowmeter routine 205 can generate
density 225 measurements and store them in the density 225 storage, for example. The
mass flow 221 and density 225 values are determined from the vibrational response, as
previously discussed and as known in the art. The mass flow and other measurements can
comprise a substantially instantaneous value, can comprise a sample, can comprise an
averaged value over a time interval, or can comprise an accumulated value over a time
interval. The time interval may be chosen to correspond to a block of time during which
certain fluid conditions are detected, for example a liquid-only fluid state, or alternatively,
a fluid state including liquids and entrained gas. In addition, other mass flow and related
quantifications are contemplated and are within the scope of the description and claims.

As noted above, ethylene is a particularly difficult fluid to measure because density

and VoS are subject to large changes based on small differences in operating conditions—
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especially when operating close to critical pressure and/or temperature. In an
embodiment, the mass flow correction routine 215 provides correction means to facilitate
accurate flowmeter measurements by using the equation-of-state for ethylene. The
temperature and the pressure of the ethylene are required for this embodiment, and
methodology disclosed herein provides a flowrate correction.

Turning to FIG. 3, it will be clear that the VoS vs. pressure behavior of ethylene
is highly non-linear and difficult to characterize.

In an embodiment, the relationship between VoS and density at various
temperatures is utilized to provide a flowrate correction. Turning to FIG. 4, the
relationship between VoS and density at various temperatures is illustrated. It will be
evident that this relationship is quite predictable for over 90% of the operating conditions
(about 15 to 50°C and about 1 to 150 bar). It will be understood that such relationships
may be easily curve fit. Unlike the data shown in FIG.3, there are no significant gradients
which makes modelling (or curve fitting) much easier. Additionally, since density and
temperature are used as the independent variables, this obviates the need for additional
equipment and an external pressure measurement.

Data was taken from the NIST “Refprop” database for calculating fluid properties.
This is illustrated in the table of FIG. SA. In an embodiment, the table for calculating
fluid properties may have extrapolated values therein, as shown by FIG. 5B.

In an embodiment, the correction for mass flow is based on Equations (1) and (2),

and is performed by the mass flow correction routine 215 of meter electronics 20.

2
mass flow error = m, = C (sz) % ¢))

Where:
C = meter constant (e. g.,%);

f = meter operating frequency, hz;
d = meter tube diameter, meters;

a = acoustic velocity (a.k.a.,VoS) of the fluid, m/s.

In an embodiment, the mass flow error may then be used to correct a measured mass flow:

10
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mass flow measured

Corrected mass flow = 2)

Mme
1700

FIG. 6 illustrates a method for correcting mass flow error using a Coriolis mass
flowmeter containing ethylene. In step 600, the density of ethylene is measured by the
flowmeter. The temperature of the ethylene is also measured. In an embodiment,
operating frequency may also be measured.

In step 602, the VoS is calculated using the measured temperature and density. In
an embodiment, the VoS is calculated using the table shown in FIG. 5 or a similar table.
In an embodiment, the VoS is calculated by interpolation from the table shown in FIG. 5
or from a similar table.

In step 604, the mass flow error is calculated. In an embodiment, the mass flow
error is calculated using the VoS. In an embodiment, the mass flow error is calculated
using equation (1).

In step 606, the corrected mass flow is calculated. In an embodiment, the corrected
mass flow is calculated using equation (2).

Errors stem from both the Coriolis meter’s mass flow and density readings due to
VoS. Logically, if the density measurement is used to correct the mass flow measurement
there must be errors inherent in this correction. However, the behavior of ethylene is such
that the error in the density measurement is very small, with the typical density
measurement error being +10 kg/m3, including VoS errors.

In an illustrative example, provided for understanding, and without limitation, for
metering at ethylene’s critical point—about 60°F and 750 psia (15°C and 50 bar). The
density of ethylene under these conditions is 110 kg/m3. It should be noticed that on the
graph of FIG. 4 and in the tables of FIG. SA and 5B that the VoS changes from 259 to
233 m/s over the density range of 75 to 125 kg/m3 at the temperature of 15°C. As an
extreme example, if it is assumed that the density measurement is 50 kg/m3 in error, the
resulting VOS calculation error of 26 m/s would result in a mass flow correction error of
only 0.5%. A more realistic, albeit still somewhat larger than would be normally
expected, density error of 10 kg/m3 would result in an insignificant mass flow
correction error, considering the small change in the effect of the VoS error on mass

flow that 1s realized in association with that small of a difference in actual fluid density.

11
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In an illustrative example, provided for understanding, and without limitation, a
scenario of metering at conditions where VoS significantly changes is provided. This
could happen in a scenario where density is in the range of 350 kg/m3. Here, the VoS
effect on the meter is very small, between 0.5% and 0.4%. Again, a 10 kg/m3 density
error is insignificant, and the resulting mass flow error is insignificant.

It is thus clear that errors associated with the methods disclosed herein will be

small enough for reliable mass flow measurements to be made.

It should be noted that the devices and methods described herein are not limited
only to ethylene. Other common critical phase fluids include ethane, carbon dioxide and
argon, and the description herein applies, mutatis mutandis, to these fluids as well. For
example, FIG. 7 illustrates the VoS values derived by the meter electronics 20 based upon

temperature and density for ethane.

Similarly, FIG. 8 illustrates the VoS values derived by the meter electronics 20
based upon temperature and density for carbon dioxide (CO2).

The detailed descriptions of the above embodiments are not exhaustive
descriptions of all embodiments contemplated by the inventors to be within the scope of
the invention. Indeed, persons skilled in the art will recognize that certain elements of the
above-described embodiments may variously be combined or eliminated to create further
embodiments, and such further embodiments fall within the scope and teachings of the
invention. It will also be apparent to those of ordinary skill in the art that the above-
described embodiments may be combined in whole or in part to create additional
embodiments within the scope and teachings of the invention. Accordingly, the scope of

the invention should be determined from the following claims.

12
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We Claim:

1. A method for operating a flowmeter comprising:
flowing a fluid through the flowmeter;
measuring an uncorrected mass flow rate of the fluid;
measuring a temperature of the fluid,;
measuring a density of the fluid;
calculating a velocity of sound (VoS) of the fluid;
calculating a mass flow rate error;

calculating a corrected mass flow rate of the fluid.

2. The method for operating a flowmeter of claim 1, wherein the fluid comprises a

non-ideal fluid.

3. The method for operating a flowmeter of claim 1, wherein the fluid consists of
ethylene.

4. The method for operating a flowmeter of claim 1, wherein the fluid comprises
ethylene.

5. The method for operating a flowmeter of claim 1, wherein the fluid consists of
ethane.

6. The method for operating a flowmeter of claim 1, wherein the fluid comprises
ethane.

7. The method for operating a flowmeter of claim 1, wherein the fluid consists of

carbon dioxide.

8. The method for operating a flowmeter of claim 1, wherein the fluid comprises

carbon dioxide.

13
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9. The method for operating a flowmeter of claim 1, wherein the fluid comprises one

of freon, sulfur hexafluoride, and uranium hexafluoride.

10.  The method for operating a flowmeter of claim 1, wherein the flowmeter

comprises a Coriolis mass flowmeter.

11.  The method for operating a flowmeter of claim 1, wherein the flowmeter calculates

the temperature of the fluid.

12. The method for operating a flowmeter of claim 1, wherein the flowmeter calculates

the density of the fluid.

13.  The method for operating a flowmeter of claim 1, wherein calculating the VoS of

the fluid comprises using the temperature and the density.

14.  The method for operating a flowmeter of claim 1, wherein calculating the VoS of
the fluid comprises cross-referencing and interpolating the temperature and the density

using a VoS table.

15.  The method for operating a flowmeter of claim 14, wherein the VoS table

comprises extrapolated VoS values.

16.  The method for operating a flowmeter of claim 1, wherein calculating mass flow

2
. 2nfd
rate error is calculated as: mass flow rate error = m, = C (%) %

Wherein:

C = meter constant (e. g.,é);

f = meter operating frequency, hz;
d = meter tube diameter, meters,

a = acoustic velocity (a.k.a.,VoS) of the fluid, m/s.

14
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17.  The method for operating a flowmeter of claim 1, wherein the corrected mass flow

rate is calculated using the mass flow.

18.  The method for operating a flowmeter of claim 1, wherein the corrected mass flow

mass flow measured

1+2e
100

rate is calculated as: Corrected mass flow =

19. Meter electronics (20) for a flowmeter (5) configured to receive a process fluid,
the meter electronics (20) comprising an interface (201) configured to communicate with
a flowmeter assembly of the flowmeter (5), and receive a vibrational response, and a
processing system (203) coupled to the interface (201) comprising:
a mass flow correction routine (215) configured to:
measure a temperature (224) of the process fluid in the flowmeter (5);
measure a density (225) of the process fluid in the flowmeter (5);
calculate a velocity of sound (VoS) (244) of the process fluid in the
flowmeter (5);
calculate a mass flow rate error;
calculate a corrected mass flow rate of the process fluid in the flowmeter

5).

20.  The method for operating a flowmeter of claim 19, wherein the fluid comprises a

non-ideal fluid.

21.  The method for operating a flowmeter of claim 19, wherein the fluid consists of

ethylene.

22, The method for operating a flowmeter of claim 19, wherein the fluid comprises

ethylene.

23.  The method for operating a flowmeter of claim 19, wherein the fluid consists of

ethane.

15
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24.  The method for operating a flowmeter of claim 19, wherein the fluid comprises

ethane.

25.  The method for operating a flowmeter of claim 19, wherein the fluid consists of

carbon dioxide.

26.  The method for operating a flowmeter of claim 19, wherein the fluid comprises

carbon dioxide.

27.  The method for operating a flowmeter of claim 19, wherein the fluid comprises

one of freon, sulfur hexafluoride, and uranium hexafluoride.

28. The meter electronics (20) of claim 19, wherein the flowmeter (5) comprises a

Coriolis mass flowmeter.

29. The meter electronics (20) of claim 19, wherein the flowmeter (5) calculates the

temperature of the fluid.

30. The meter electronics (20) of claim 19, wherein the flowmeter (5) calculates the

density of the fluid.

31. The meter electronics (20) of claim 19, wherein calculating the VoS of the fluid

comprises using the temperature and the density.
32. The meter electronics (20) of claim 19, wherein calculating the VoS of the fluid
comprises cross-referencing and interpolating the temperature and the density using a

VoS table.

33. The meter electronics (20) of claim 32, wherein the VoS table comprises

extrapolated VoS values.

16
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34. The meter electronics (20) of claim 19, wherein mass flow rate error is calculated

2
2nfd
as: mass flow rate error = m, = C( ull ) %

2a
Wherein:
C = meter constant (e. g.,%);
f = meter operating frequency, hz,
d = meter tube diameter, meters;,
a = acoustic velocity (a.k.a.,VoS) of the fluid, m/s.
35. The meter electronics (20) of claim 19, wherein the corrected mass flow rate is

calculated using the mass flow.

36. The meter electronics (20) of claim 19, wherein the corrected mass flow rate is

mass flow measured

1+2e
100

calculated as: Corrected mass flow =

17



