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TECHNICALFIELD
This description relates to flowmeters.

BACKGROUND
Flowmeters provide information about materials being transferred through a conduit.
For example, mass flowmeters provide a measurement of the mass of material being
transferred through a conduit. Similarly, densitometers provide a measurement of the density
of material flowing through a conduit. Mass flowmeters also may provide a measurement of
the density of the material.
For example, Coriolis-type mass flowmeters are based on the Coriolis effect, in which
material flowing through a conduit becomes a radially-travelling mass that is affected by a
Coriolis force and therefore experiences an acceleration. Many Coriolis-type mass
flowmeters induce a Coriolis force by sinusoidally oscillating a conduit about a pivot axis
orthogonal to the length of the conduit. In such mass flowmeters, the Coriolis reaction force
experienced by the traveling fluid mass is transferred to the conduit itself and is manifested
as a deflection or offset of the conduit in the direction of the Coriolis force vector in the plane

of rotation.

DESCRIPTION OF DRAWINGS
FIG. IA is an illustration of a Coriolis flowmeter using a bent flowtube.

FIG. I B is an illustration of a Coriolis flowmeter using a straight flowtube.
FIG. 2 is a block diagram of a Coriolis flowmeter.

FIG 3A is a block diagram showing a system that includes a volumetric flowrate
measuring device and a Coriolis flowmeter.
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FIG. 3B is a flow chart illustrating a process for using a volumetric flowrate

measuring device and a Coriolis flowmeter.
FIG 4 is an illustration showing a vortex shedding flowmeter.
FIG 5 is a block diagram showing a system that includes a differential pressure
flowmeter and a Coriolis flowmeter.
FIG. 6 is an illustration showing an orifice plate flowmeter.

FIGS. 7Aand 7B are flowcharts illustrating processes for using a differential pressure
flowmeter and a Coriolis flowmeter.
SUMMARY
In one general aspect, a first property of a process fluid is measured using a

volumetric flowrate measuring device. A second property of the process fluid is measured
using a Coriolis flowmeter. A third property of the process fluid is determined based on the
measured first property and the measured second property.
Implementations include one or more of the following features. For example,
the first property may be a volumetric flowrate, the second property may be a mass flowrate,
and the third property may b e a bulk density. The process fluid may include a gas

component and a liquid component. A mass flowrate of the gas component may be
determined based on the determined bulk density. A mass flowrate of the liquid component
may b e determined based on the determined bulk density. The process fluid may be a wet
gas. The measured mass flowrate may be corrected based on the determined bulk density.

The determined bulk density may be corrected based on the corrected mass flowrate.
In another general aspect, a first property of a process fluid is measured using a
differential pressure flowmeter. A second property of the process fluid is measured using a
Coriolis flowmeter. A third property of the process fluid is determined based on the
measured first property and the measured second property.
Implementations may include one or more of the following features. For example,
the process fluid may be a wet gas. The first property may be a mass flowrate of the wet gas
as a dry gas, and the second property may be a mass flowrate of the wet gas. Determining

the third property of the wet gas based on the mass flow rate of the wet gas as a dry gas and
the mass flow rate of the wet gas may include determining a mixture quality of the wet gas;

and correcting the mass flowrate of the wet gas based on the mixture quality. Determining
the third property of the wet gas based on the mass flow rate of the wet gas as a dry gas and
the mass flow rate of the wet gas may include refining the determined mixture quality based
on the corrected mass flowrate. The third property may be a mass flowrate of a liquid
component of the wet gas. The third property may be a mass flowrate of a gas component of
the wet gas. The differential pressure flowmeter may include an orifice plate flowmeter.
Implementations of any of the techniques described above may include a method or
process, a system, a flowmeter, or instructions stored on a storage device of a flow meter
transmitter. Details of particular implementations are set forth in the accompanying
drawings and description below. Other features will be apparent from the following
description, including the drawings, and the claims.

DETAILED DESCRIPTION
Types of flowmeters include digital Coriolis flowmeters. For example, U.S. Patent
6,31 1,136, which is hereby incorporated by reference, discloses the use of a digital Coriolis

flowmeter and related technology including signal processing and measurement techniques.
Such digital flowmeters may b e very precise in their measurements, with little or negligible
noise, and may be capable of enabling a wide range of positive and negative gains at the
driver circuitry for driving the conduit. Such digital Coriolis flowmeters are thus
advantageous in a variety of settings. For example, commonly-assigned U.S. Patent
6,505,519, which is incorporated by reference, discloses the use of a wide gain range, and/or
the use of negative gain, to prevent stalling and to more accurately exercise control of the
fiowtube, even during difficult conditions such as two-phase flow (e.g., a flow containing a
mixture of liquid and gas).
Although digital Coriolis flowmeters are specifically discussed below with respect to,
for example, FIGS, IA, IB and 2, it should be understood that analog Coriolis flowmeters
also exist. Although such analog Coriolis flowmeters may be prone to typical shortcomings

of analog circuitry, e.g., low precision and high noise measurements relative to digital
Coriolis flowmeters, they also maybe compatible with the various techniques and
implementations discussed herein. Thus, in the following discussion, the term "Coriolis

flowmeter" or "Coriolis meter" is used to refer to any type of device and/or system in which
the Coriolis effect is used to measure a mass flow, density, and/or other parameters of a
material(s) moving through a flowtube or other conduit.
FIG. IA is an illustration of a digital Coriolis flowmeter using a bent flowtube 102.

Specifically, the bent flowtube 102 may be used to measure one or more physical
characteristics of, for example, a (travelling or non-travelling) fluid, as referred to above. In
FIG. IA, a digital transmitter 104 exchanges sensor and drive signals with the bent flowtube
102, so as to both sense an oscillation of the bent flowtube 102, and to drive the oscillation of

the bent flowtube 102 accordingly. By quickly and accurately determining the sensor and
drive signals, the digital transmitter 104, as referred to above, may provide for fast and
accurate operation of the bent flowtube 102. Examples of the digital transmitter 104 being
used with a bent flowtube are provided in, for example, commonly-assigned U.S. Patent
6,311,136.
FIG. I B is an illustration of a digital Coriolis flowmeter using a straight flowtube
106. More specifically, in FIG. IB, the straight flowtube 106 interacts with the digital

transmitter 104. Such a straight flowtube operates similarly to the bent flowtube 102 on a
conceptual level, and has various advantages/disadvantages relative to the bent flowtube 102.
For example, the straight flowtube 106 may be easier to (completely) fill and empty than the
bent flowtube 102, simply due to the geometry of its construction. In operation, the bent
flowtube 102 may operate at a frequency of, for example, 50-1 10 Hz, while the straight
flowtube 106 may operate at a frequency of, for example, 300-1,000Hz. The bent flowtube
102 represents flowtubes having a variety of diameters, and may be operated in multiple

orientations, such as, for example, in a vertical or horizontal orientation.
Referring to FIG. 2, a digital mass flowmeter 200 includes the digital transmitter 104,
one or more motion sensors 205, one or more drivers 210, a flowtube 215 (which also may
be referred to as a conduit, and which may represent either the bent flowtube 102, the straight
flowtube 106, or some other type of flowtube), a temperature sensor 220, and a pressure
sensor 225. The digital transmitter 104 may be implemented using one or more of, for
example, a processor, a Digital Signal Processor (DSP), a field-programmable gate array
(FPGA), an ASIC, other programmable logic or gate arrays, or programmable logic with a
processor core. It should be understood that, as described in 6,3 11,136, associated digital-
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to-analog converters may be included for operation of the drivers 210, while analog-to-digital
converters may be used to convert sensor signals from the sensors 205 for use by the digital
transmitter 104.
The digital transmitter 104 may include a (bulk) density measurement system 240 and
a mass flowrate measurement system 250. Density measurement system 240 and mass
flowrate measurement system 250 may generate a measurements of, respectively, density
and/or mass flowrate of a material flowing through the fiowtube 215 based at least on signals
received from the motion sensors 205. The digital transmitter 104 also controls the drivers
210 to induce motion in the fiowtube 215. This motion is sensed by the motion sensors 205.

Density measurements of the material flowing through the fiowtube are related to, for
example, the frequency of the motion of the fiowtube 215 that is induced in the fiowtube 215
(typically the resonant frequency) by a driving force supplied by the drivers 210, and/or to
the temperature of the fiowtube 215. Similarly, mass flow through the fiowtube 215 is
related to the phase and frequency of the motion of the fiowtube 215, as well as to the
temperature of the fiowtube 215.
The temperature in the fiowtube 215, which is measured using the temperature sensor
220, affects certain properties of the fiowtube, such as its stiffness and dimensions. The
digital transmitter 104 may compensate for these temperature effects. Also in FIG. 2, a
pressure sensor 225 is in communication with the transmitter 104, and is connected to the
fiowtube 2 15 so as to be operable to sense a pressure of a material flowing through the
fiowtube 215.
It should be understood that both the pressure of the fluid entering the fiowtube 215
and the pressure drop across relevant points on the fiowtube may be indicators of certain
flow conditions. Also, while external temperature sensors may be used to measure the fluid
temperature, such sensors may be used in addition to an internal flowmeter sensor designed
to measure a representative temperature for fiowtube calibrations. Also, some flowtubes use
multiple temperature sensors for the purpose of correcting measurements for an effect of
differential temperature between the process fluid and the environment (e.g., a case
temperature of a housing of the fiowtube).
In FIG. 2, it should be understood that the various components of the digital
transmitter 104 are in communication with one another, although communication links are

not explicitly illustrated, for the sake of clarity. Further, it should be understood that
conventional components of the digital transmitter 104 are not illustrated in FIG. 2, but are
assumed to exist within, or b e accessible to, the digital transmitter 104. For example, the
digital transmitter 104 will typically include drive circuitry for driving the driver 210, and
measurement circuitry to measure the oscillation frequency of the flowtube 215 based on
sensor signals from sensors 205 and to measure the phase between the sensor signals from
sensors 205.
Under certain conditions, a Coriolis flowmeter can, by means of the resonant
frequency of vibration of the flowtube, accurately determine the bulk density of a process
fluid in the flowtube 215. That is, an accurate bulk density of the process fluid can be
determined under certain conditions.
Also, in some situations, the process fluid may contain more than one phase by being
a mixture of two or more materials (for example, oil and water or a fluid with entrained gas),
by being the same material in different phases (for example, liquid water and water vapor), or
by being different materials in different phases (for example, water vapor and oil). In some
multi-phase flow conditions, a Coriolis flowmeter, either alone or in combination with other
equipment, may accurately determine the density and mass flowrate of the constituent
phases.
Under other conditions, however, a Coriolis flowmeter may not perform in a
satisfactory manner. For instance, under some conditions, a Coriolis flowmeter may not be
able to measure the bulk density, the density of constituent components of a multi-phase
flow, or the mass flowrates of constituent components of a multi-phase flow within the
required tolerances needed in a particular application. In other words, the Coriolis flowmeter
may not be able to measure such items within the requisite degree of accuracy for a given use
of the Coriolios flowmeter.
Examples of such conditions include situations in which the process fluid is a singlephase gas, and when the process fluid is a wet-gas (that is, it contains mostly a gas
component, but has some liquid component). A wet gas typically occurs in applications
involving natural gas, where the gas component is the natural gas, and the liquid component
may be water, hydrocarbons, or compressor oil. In natural gas applications, it may be
desirable to accurately measure the density of the process fluid in order to calculate the
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energy flow of the process fluid. Other applications in which a wet gas occurs may include
applications involving steam as the process fluid.
A wet gas generally includes a process fluid that contains 5% by volume or less of a
liquid or, in other words, a process fluid that has a void fraction of .95 (95%) or more.
However, the techniques described below with respect to wet gasses are not limited to
process fluids that contain 5% by volume of less of a liquid. Rather, the techniques are
bounded by the required accuracy of a given application, with the accuracy depending on the
accuracy of the Coriolis flowmeter and other meters described below for a given void
fraction.

Referring to FIG. 3A, a system 300A may be used to accurately measure the bulk
density of a process fluid under conditions in which a Coriolis flowmeter does not measure
the bulk density with the required accuracy. In addition, system 300A may be used to
accurately measure the bulk density of a wet gas or other multi-phase process fluid, and the
mass flowrates of the constituent components of such a multi-phase process fluid.
System 300A includes a conduit 302 that carries the process fluid, a volumetric
flowrate measurement device 304 that measures the (bulk) volumetric flowrate of the process
fluid, and a Coriolis flowmeter 306 that measures the (bulk) mass flowrate of the process
fluid.

In one implementation, the volumetric flowrate measuring device 304 is a vortex
shedding flowmeter. Generally, a vortex shedding flowmeter may measure the volumetric
flowrate of a single phase gas and a wet gas (and possibly other multi-phase fluids) with a
reasonable degree of accuracy. Other volumetric flowrate measuring devices may be used,
depending on the accuracy required in a given application.
In general, the vortex flowmeter 304 has an output that is proportional to the average
velocity of the process fluid. If the cross sectional area of the conduit 302 is fixed or known
proportional to volumetric flowrate, then:

Sr

K x Apipe x V =K v

v

where

Sv = volumetric signal from the meter
K v = proportionality constant
A pipe = area of pipe
Q v = volumetric flowrate at the vortex meter
The Coriolis mass flowmeter 306 generally has the following output for single phase:

SM K x M
where
SM = mass signal from the meter
K M = proportionality constant
M = mass flowrate at the Coriolis meter
Also, the mass flowrate at the vortex meter 304 is the same as the Coriolis meter 306
due to conservation of mass. Therefore:

finally
P fluid

where M is the mass flowrate at the Coriolis meter, Qv is the volumetric

flowrate at the vortex meter, and p β uid is fluid density at the vortex meter.
After obtaining the density of the process fluid at the vortex meter 304, the density at
other points along the conduit 302 can be calculated by ratiometrically compensating for
temperature and pressure (and compressibility for higher accuracy) for changes in location
along the conduit 302. For example, the temperature and pressure at the vortex meter 304
can be measured, along with the temperature and pressure at the desired location of the
conduit. Then, using the ideal gas law or the real gas law, the density of the gas can be

calculated at the desired location of the conduit 302.

The above calculation of the density at the vortex meter 304 may be performed for a
single phase gas and a wet gas (or some other multi-phase fluid). In the case of a wet gas (or

other multi-phase fluid), this density may be used to calculate the mass flowrate of the
constituent components of the process fluid. I this case, the knowledge of the gas and liquid
densities may be required.

hi general, it has been shown for a vortex meter at reasonably high void fraction of
0.8 or more the vortex meter will still give a reasonably accurate indication of volumetric

flowrate since the liquid will tend to travel as a mist within the gas provided the gas flowrate
is high enough. The actual bounds depend on the accuracy required. Assuming that the

Coriolis flowmeter 306 is producing no error due to liquid loading, then the above equation
yields:
Pbulk ~

'

Q- v
where p bulk is now the bulk fluid density at the vortex meter.
The density of the gas component may b e determined through pressure and
temperature measurements at the vortex meter 304 combined with the ideal gas law or real
gas law or some other equation of state for the gas. The liquid density may b e determined
through sampling or may b e approximated given knowledge about the makeup of the liquid.
Again how accurate this needs to b e depends on how accurate the end result needs to be. In
many applications involving wet gas, for example, accuracies of 5% maybe sufficient.
Knowing the densities of the liquid and the gas components yields:

GVF

Pbulk ~ P
gas

d

liquid

Volumetric flowrate of the gas then equals

Q sas

GVFx Q v

And for the liquid

Q

(
quid

GVF)* Q .

The mass flowrates or the gas and liquid components can b e calculated b y
multiplying Q gas and Ququ by the gas and liquid densities, respectively.
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When a Coriolis flowmeter is used to measure the mass flowrate of a multi-phase
fluid, such as wet gas, there may be errors in the mass flowrate measurement due to liquid
loading. In other words, damping caused by the multi-phase fluid may result in errors in the

measured mass flowrate. Techniques, such as those described in U.S. Patent 6,505,519 may
be used to correct the mass flowrate measurements in such situations. However, such
techniques generally employ a corrected density measurement that is performed by the
Coriolis meter. In the case of a wet gas, however, the density measurement may not be

accurate enough, even if it is corrected. Thus, in some implementations, the bulk density

measurement from the combination of the volumetric flowrate measurement device 304 and
Coriolis flowmeter 306 may be used to correct the mass flowrate measurement of the

Coriolis flowmeter 306. In addition, an iterative procedure may then be used to refine the

bulk density using a corrected mass flowrate from the Coriolis flowmeter 306. In other
words, the bulk density measured based on system 300A may be used to correct the mass
flowrate measurement of the Coriolis meter 306. The corrected mass flowrate may then b e
used to refine the measurement of the bulk density. The refined bulk density may then be
used to refine the mass flowrate. Such an iterative process may continue until it reaches a
convergence.
Referring to FIG. 3B, a process 300B may be used to perform the operations
discussed above with respect to FIG. 3 . The process 300B may be performed by the system
300A. The process 300B begins when a volumetric flowrate of a process fluid is measured

using a volumetric flowrate measuring device (310). The process fluid may be a wet gas or
other multi-phase process fluid. The flowrate measuring device may be, for example, the

volumetric flowrate measurement device 304 discussed above. The process 300B also
includes measuring a mass flowrate of the process fluid using a Coriolis flowmeter (320).
The Corioilis flowmeter may be the Coriolis flowmeter 306 discussed above.

The process 300B continues when a bulk density of the process fluid is determined
based on the measured volumetric flowrate and the measured mass flowrate (330). The
measured mass flowrate may be corrected based on the determined bulk density (340). The
determined bulk density may then be corrected based on the corrected mass flowrate (350).
Operations 340 and 350 may be repeated until a convergence is reached or until a required
degree of accuracy is met. Thus, the iterative process described above may be implemented

by the process 300B; however, in some implementations such an iterative process may not be
performed.
The process fluid may include more than one phase of fluid. For example, the

process fluid may be, e.g., a wet gas that includes a gas component and a liquid component.
The process 300B also may include determining a mass flowrate of the gas component and/or

the liquid component of the process fluid based on the determined or corrected bulk density
(360). In other words, the mass flow rate of either or both of the gas component and the

liquid component may be determined from the corrected bulk density (e.g., corrected through
the iterative process described above). In other implementations, the mass flow rate of these
components may be derived from the determined bulk density (e.g., the bulk density

determined based on the measured volumetric flowrate and the measured mass flowrate in
(330)).

Referring to FIG. 4, vortex shedding flowmeter 400 includes a conduit 402 for
carrying the process fluid. Conduit 402 contains a bluff body 404 that induces vortex
shedding in a fluid flowing in the conduit 402. An arrow 408 indicates the direction of flow.
A pressure sensor 406 is located downstream of the bluff body 404. The pressure sensor 406
may include, for example, a differential pressure sensor or an absolute pressure sensor, and
may include materials such as, for example, a piezoelectric material. Thus, one example of
the pressure sensor 406 is a piezoelectric differential pressure sensor that measures the
differential pressure across the conduit 402.
In general, a vortex shedding flowmeter measures volumetric flow based on the
principle of vortex shedding. Vortex shedding refers to a natural process in which a fluid
passing a bluff body causes a boundary layer of slowly moving fluid to be formed along the
surface of the bluff body. A low pressure area is created behind the bluff body and causes
the boundary layer to roll up, which generates vortices in succession on opposite sides of the
bluff body. The vortices induce pressure variations that may be sensed by the pressure
sensor 406. The vortex-shedding pressure variations have a frequency that is related to the
volumetric flowrate. Accordingly, by measuring the frequency of the pressure variations
using the pressure sensor 406, the volumetric flowrate may be determined.

Vortex flowmeter 400 also may include pressure sensor 410 and temperature sensor
412, which may be used to calculate the density of the process fluid at other points along the

conduit 302, as described above.
Referring to FIG. 5, differential pressure flowmeters may be used in combination
with a Coriolis meter to measure the mass flowrates of the constituent components of a wet
gas or other multi-phase process fluid. As illustrated, a system 500 includes a conduit 502

that carries the process fluid (e.g., wet gas), a differential pressure flowmeter 504 that
measures the mass flowrate of the process fluid as if it was a single phase. For example, in
the case of wet gas, the differential pressure flowmeter measures the mass flowrate of the

process fluid as if it was a dry gas (i.e., a single phase gas). The system 500 also includes a
Coriolis flowmeter 506 that measures the (bulk) mass flowrate of the process fluid. The

mass flowrate measured by the differential pressure flowmeter 504 and the mass flowrate
measured by the Coriolis meter 506 are then used to calculate the mass flowrates of the gas
component and the liquid component.
Referring to FIG. 6, an explanation for determining the mass flowrate of constituent
components of a wet gas using system 500 is described with respect to an implementation
using a orifice plate flowmeter 600. Ih general, differential pressure flowmeters guide the
flow of process fluid into a section with a cross sectional area different than the conduit
carrying the fluid. This results in variations of the flow velocity and the pressure. By

measuring the changes in pressure, the flow velocity can then be calculated. The mass
flowrate can then be calculated from the flow velocity.
In particular, an orifice plate (e.g., the orifice plate 604) is typically a flat plate with
an orifice located in the plate. An orifice plate is normally mounted between a pair of flanges

and are installed in a straight run of smooth pipe to avoid disturbance of flow patterns from

fittings and valves.
Flow through an orifice plate is characterized by a change in velocity. As the fluid
passes through the orifice, the fluid converges, and the velocity of the fluid increases to a
maximum value. At this point, the pressure is at a minimum value. As the fluid diverges to
fill the entire pipe area, the velocity decreases back to the original value. The pressure
increases to about 60% to 80% of the original input value. The pressures on both sides of the

12
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orifice are measured, resulting in a differential pressure, which is proportional to the flow
velocity. From the flowrate, the mass flowrate can be calculated.
Thus, the orifice plate flowmeter 600 includes a conduit 602 for carrying the process
fluid and an orifice plate 604 located in the conduit 602. An arrow 608 illustrates the
direction of flow. Upstream from the orifice plate 604 is a first pressure sensor 606a and
downstream from the orifice plate 604 is a second pressure sensor 606b. The difference
between the measurements of the first sensor 606a and the second sensor 606b provides the
differential pressure, which may be used to calculate the flow velocity and the mass flowrate.
In general, once the orifice plate flowmeter 600 is used to determine the differential
pressure, the differential pressure can be used to calculate the mass flowrate of the process
fluid as if the process fluid was a dry gas instead of a wet gas, This can b e used with a bulk
mass flowrate measurement of the Coriolis meter 506 to calculate the mass flowrates of the
liquid and gas components of the wet gas.
The following is an explanation of how to calculate the mass flowrates of these
components. For an orifice plate with a dry gas, known equations may be used to derive the
mass flowrate from the differential pressure ∆P :

M

asjry

f

,P S ,Cgas ,Y )

where
AP =diff pressure across plate
P 1 = pressure upstream of plate

P

=density of dry gas upstream

C Bas = discharge coefficient

Yx - gas expansion factor
Murdock's equations, discussed, for example, in Flow Measurement Engineering
Handbook, R .W. Miller, McGraw Hill, 3rd edition, describe a correction factor used to
correct measurements of the mass flowrate when a wet gas is present instead of a dry gas.
Based on Murdock's equations, which are valid up to about 90% gas by mass, the above
equation for the mass flowrate becomes:

13
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M

as

g a s , w el

=M
J-VX

gaass,,d: ry
g

where

mass of gas
mass of liquid + mass of gas
,iq = liquid density
Assuming that the densities of the two components are known, the only unknown to
the right of the above equation is X, which is the mixture quality of the process fluid based
on the mass of the gas and the mass of the liquid.
Using the Coriolis flowmeter 506, a measurement of the mass flowrate of the
mixture,

M

cor

can be obtained. Because of conservation of mass, this mass flowrate is

equivalent to M

g aS Yf e t

at the orifice plate flowmeter 600. Consequently:

Rearranging and solving for X :

And,
*
M

g as,tru

X

M

C or

and

Cor
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Thus, by measuring the differential pressure created by the orifice plate 604, the mass
flowrate of the process fluid as a dry gas, Mgas,dry, can be calculated based on known
equations. This mass flowrate can then be used with the bulk mass flowrate measured by the
Coriolis meter 506. Both of these mass flowrates can then be used to calculate the mass
flowrates of the liquid and gas components or the wet gas using any combination of the

uq Uid-

equations above

Similar to the procedure described above, some implementations may use an iterative
procedure to refine the measurement of M cor nd calculation of X For example, in some
implementations, the initial calculation of Xmay be used to correct the mass flowrate
measurement M cor of the Coriolis flowmeter 506. An iterative procedure may then be used to
refine the calculation of . using a corrected mass flowrate from the Coriolis flowmeter 506,
and the process may continue until it reaches a convergence.
While a particular implementation has been described using an orifice plate
flowmeter 600, the Murdock correction works for other differential pressure flowmeters,
such as venturi tubes and nozzles. Therefore, other implementations may use other
differential pressure flowmeters.

Accordingly, in general, the appropriate equation to

calculate M gas, dry may b e used for the particular differential pressure flowmeter used, and M
gas. dry

ay be combined with the mass flowrate measured by the Coriolis flowmeter to

calculate the mass flowrates of the gas and liquid components of the process fluid, as
described above. Furthermore, other similar but different corrections that may b e or have
been developed to deal with wet gases may be used instead of Murdock's equations.
Referring to FIG. 7A, a process 700 maybe used to perform the operations described
above. The process 700A may b e performed by the system 500. Process 700A uses wet gas
as an example of the process fluid, but the process 700A may be applied to other multi-phase

fluids that include a liquid and gas components.
The process 700A begins when a mass flowrate of wet gas as a dry gas is measured
using a differential pressure flowmeter (710). For example, the differential pressure
flowmeter may b e the differential pressure flowmeter 504. In another example, the
differential pressure flowmeter may be the orifice plate flowmeter 600. The process 700
continues when a mass flowrate of the wet gas is measured using a Coriolis flowmeter (720).
The Coriolis meter may be the Coriolis flowmeter 506 described above. The process 700A
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also includes determining amass flowrate of a liquid component and/or a gas component of

the wet gas based on the measured mass flowrate of the wet gas as a dry gas and the
measured mass flowrate of the wet gas (730).
Referring to FIG. 7B, a process 700B may be performed to determine the mass
flowrate of the liquid and/or gas component (730) of the wet gas (or other multi-phase fluid).
Process 700B includes determining a mixture quality of the wet gas based on the measured
mass flowrate of the wet gas as a dry gas and the measured mass flowrate of the wet gas
(740). The mixture quality may be the mixture quality, X, which is based on the mass of the

gas and the mass of the liquid included in the process fluid. The measured mass flowrate of

the wet gas may be corrected based on the determined mixture quality (750). The mixture
quality then may be refined based on the corrected mass flowrate of the wet gas (760).
Operations 750 and 760 may be repeated until a convergence is reached or until a required

degree of accuracy is met. Thus, in some implementations, the process 700B may implement
the iterative process described above with respect to FIG. 6. The process 700B also includes
determining a mass flowrate of a liquid component and/or a gas component of the wet gas
based on the corrected mass flowrate of the wet gas and the refined mixture quality (760).
The calculations described in the various implementations may be performed by the

transmitter of the Coriolis flowmeter, by a computing device coupled to the volumetric
flowrate measuring device or the differential pressure flowmeter, or by a flow computer or
computing device coupled to the Coriolis flowmeter and the volumetric flowrate measuring
device or the differential pressure flowmeter.
A number of implementations have been described. Nevertheless, it will be
understood that various modifications may be made. Accordingly, other implementations are
within the scope of the following claims.

WHAT IS CLAIMED IS:
1.

A method comprising:
measuring a first property of a process fluid using a volumetric flowrate measuring

device;

measuring a second property of the process fluid using a Coriolis flowmeter; and
determining a third property of the process fluid based on the measured first property
and the measured second property.

2.

The method of claim 1 wherein the first property comprises a volumetric

flowrate, the second property comprises a mass flowrate, and the third property comprises a

bulk density.

3.

The method of claim 2 wherein the process fluid comprises a gas component

and a liquid component.

4.

The method of claim 3 further comprising determining a mass flowrate of the

gas component based on the determined bulk density.

5.

The method of claim 3 further comprising determining a mass flowrate of the

liquid component based on the determined bulk density.

6.

The method of claim 3 wherein the process fluid comprises a wet gas.

7.

The method of claim 2 further comprising correcting the measured mass

flowrate based on the determined bulk density.

8.

The method of claim 7 further comprising correcting the determined bulk

density based on the corrected mass flowrate.

9.

A method comprising:

measuring a first property of a process fluid using a differential pressure flowmeter;
measuring a second property of the process fluid using a Coriolis flowmeter; and
deteπiiining a third property of the process fluid based on the measured first property
and the measured second property.

10.

The method of claim 9 wherein the process fluid comprises a wet gas.

11.

The method of claim 10 wherein the first property comprises a mass flowrate

for the wet gas as a dry gas, and the second property comprises a mass flowrate of the wet
gas.

12.

The method of claim 11 wherein the third property comprises a mass flowrate

of a liquid component of the wet gas.

13.

The method of claim 11 wherein the third property comprises a mass flowrate

of a gas component of the wet gas.

14.

The method of claim 11 wherein determining the third property of the wet gas

based on the mass flow rate of the wet gas as a dry gas and the mass flow rate of the wet gas
comprises:
determining a mixture quality of the wet gas; and
correcting the mass flowrate of the wet gas based on the mixture quality.

15.

The method of claim 14 wherein determining the third property of the wet gas

based on the mass flow rate of the wet gas as a dry gas and the mass flow rate of the wet gas
comprises refining the determined mixture quality based on the corrected mass flowrate.

16.

The method of claim 9 wherein the differential pressure flowmeter comprises

an orifice plate flowmeter.

17.

A system comprising:

a volumetric flowrate measuring device configured to measure a first property of a
process fluid;
a Coriolis flowmeter configured to measure a second property of the process fluid;
and
a computing device configured to determine a third property of the process fluid
based on the first property and the second property.

18.

The system of claim 17 wherein the first property comprises a volumetric

flowrate, the second property comprises a mass flowrate, and the third property comprises a
bulk density.

19.

The system of claim 18 wherein the process fluid comprises a gas component

and a liquid component.

20.

The system of claim 19 wherein the computing device is configured to

determine a mass flowrate of the gas component based on the determined bulk density.

2 1.

The system of claim 19 wherein the computing device is configured to

determine a mass flowrate of the liquid component based on the determined bulk density.

22.

The system of claim 19 wherein the process fluid comprises a wet gas.

23.

The system of claim 18 wherein the computing device is configured to correct

the measured mass flowrate based on the determined bulk density.

24.

The system of claim 23 wherein the computing device is configured to

determine bulk density based on the corrected mass flowrate.
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25.

A system comprising:

a differential pressure flowmeter to measure a first property of a process fluid;
a Coriolis flowmeter to measure a second property of the process fluid; and
a computing device configured to determine a third property of the process fluid
5

o

based on the measured first property and the measured second property.

26.

The system of claim 25 wherein the process fluid comprises a wet gas.

27.

The system of claim 26 wherein the first property comprises a mass flowrate

for the wet gas as a dry gas, the second property comprises a mass flowrate of the wet gas.

28.

The system of claim 27 wherein the third property comprises a mass flowrate

of a liquid component of the wet gas.

5

29.

The system of claim 27 wherein the third property comprises a mass flowrate

of a gas component of the wet gas.

30.

The system of claim 27 wherein, to determine the third property of the wet gas

based on the mass flow rate of the wet gas as a dry gas and the mass flow rate of the wet gas,
0

the computing device is further configured to:
determine a mixture quality of the wet gas; and
correct the mass flowrate of the wet gas based on the mixture quality.

31.

The system of claim 30 wherein, to determine the third property of the wet gas

based on the mass flow rate of the wet gas as a dry gas and the mass flow rate of the wet gas,
the computing device is further configured to refine the determined mixture quality based on
the corrected mass flowrate.

32.

The system of claim 25 wherein the differential pressure flowmeter comprises

an orifice plate flowmeter.

