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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to industrial fluid flow measurement systems, and more particularly, to systems
that provide a mass flow measurement or other fluid property measurements.
[0002] Mass flow of a fluid can be estimated using various techniques. For example, current differential pressure
measurement techniques can be used as a basis for calculating mass flow. Generally, an obstruction device, such as
an orifice plate, partially obstructs the fluid flow and generates an differential pressure between the upstream flow and
the downstream flow. Measuring the differential pressure can provide an indication of flow. Generally, additional infor-
mation is required in order for the differential pressure measurement to provide mass flow information. Specifically,
information about the composition and temperature of the fluid must be known or measured. This is due, at least in part,
to the fact that the differential pressure is not based only on the flow, but also on the fluid density, which itself may be
a function of temperature. Further, the nature of the flow, laminar or turbulent may affect the differential pressure reading.
[0003] Mass flow can also be calculated using a vortex flowmeter system as a basis. Vortex flowmeter systems are
used in the industrial process control field for directly measuring the flow rate of a fluid through a conduit. Vortex flowmeters
are typically inserted into the pipe or conduit that carries the fluid to be measured. Industry applications include petroleum,
chemical, pulp and paper, mining and materials, oil and gas. The fluids to be measured are often hazardous and may
be flammable or explosive. The fluids may also include condensate, deposits or other properties that can make flow
measurements difficult. In these applications, safety and measurement accuracy are critical.
[0004] Examples of vortex flowmeter are given in the following patent documents: DE 102 40 189 A1, DE 196 19 632
A1, US 5 152 181 A and EP 1 213 566 A. The operating principle of a vortex flowmeter is based on the phenomenon
of vortex shedding known as the von Karman effect. As fluid passes a bluff body, it separates and generates small as
eddies or vortices that are shed alternately along and behind each side of the bluff body. These vortices cause areas
of fluctuating pressure that are detected by a sensor. The frequency of vortex generation is essentially proportional to
fluid velocity
[0005] Generally, vortex flowmeters provide a volumetric flow output. Quite simply, this volumetric flow output is the
product of the fluid flow velocity (proportional to vortex frequency) through the conduit multiplied by the area of the
conduit. Some vortex flowmeter systems are known that can provide mass flow output. Generally, such systems measure
the temperature and absolute pressure of the fluid flowing from the conduit. Then, using some assumptions about the
nature of the fluid and/or composition thereof, a calculation can be approximated for the mass flow of the fluid. Generally,
this calculation is merely an approximation and can be susceptible to error when the composition changes. Moreover,
the relative complexity of the calculations involved are difficult to provide continuously in a real-time manner.
[0006] Measuring mass flow of a fluid using both a differential pressure measurement and vortex measurement vastly
simplifies the calculations and allows density and mass flow to be easily provided. Such an approach is described in
United States Patent Publication US 2002/0096208 published July 25, 2002. While the disclosure of that patent publication
provides an effective starting point, much work remains to be done before such principles can be effectively incorporated
into real-world implementations. For example, although the calculations themselves become simpler, the publication
speaks of requiring two measurement devices: a differential pressure flow measuring element and a vortex flow measuring
element are required. Accordingly, the real-world cost to an end user for such calculation simplicity is potentially double
the equipment cost that is currently required. Systems that could provide the advantages of differential pressure and
vortex measurement without the associated substantial cost increase would allow the industry to adopt such advanta-
geous technology more readily.

SUMMARY OF THE INVENTION

[0007] The present invention is defined by the features of independent claim 1. Further preferred embodiments of the
invention are defined in the dependent claims.In particular, a process fluid measurement system provides a first meas-
urement relative to process fluid flowing in a pipe. An additional measurement of process fluid flow velocity in the pipe
is combined with the first measurement to provide a simplified indication of mass fluid flow and/or density or other fluid
parameter. In some embodiments, the first measurement is a differential pressure measurement. Additionally, one
embodiment provides a vortex flowmeter having configurable terminations for coupling to a variety of pressure or differ-
ential pressure sensors or transmitters for advanced process fluid measurements or calculations.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]
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Fig. 1 is a diagrammatic view of a process fluid measurement system in accordance with an embodiment of the
present invention.
Fig. 2 is a diagrammatic view of a process fluid measurement system in accordance with another embodiment of
the present invention.
Figs. 3A-3E are block diagrams illustrating various ways that a vortex sensing field device can receive information
in accordance with embodiments of the present invention.
Fig. 4 is a diagrammatic view of a field device for measuring process fluid flow in accordance with an embodiment
of the present invention.
Fig. 5 is a diagrammatic view of another field device for measuring process fluid flow in accordance with another
embodiment of the present invention.
Fig. 6 is a chart of pressure versus time illustrating the use of a pressure sensor for detecting vortices and for
determining differential pressure.
Fig. 7 is a diagrammatic view of a system for measuring process fluid flow in accordance with an embodiment of
the present invention.
Fig. 8 is a cross section view of a dual-purpose primary element useful for embodiments of the present invention.
Figs. 9A - 9C are perspective, front elevation, and cross section views, respectively, of a vortex displaceable member
in accordance with an embodiment of the present invention.
Fig. 10 is a chart showing offset in readings between differential pressure measurement and vortex flow measurement
for varying steam quality (X) .

DETAILED DESCRIPTION OF EMBODIMENTS

[0009] Embodiments of the present invention generally take advantage of certain synergies created by the combination
of differential pressure flow measurement and vortex flow measurement. While embodiments of the present invention
will be described with respect differential pressure flow measurement in conjunction with vortex flow measurement,
those skilled in the art will recognize that embodiments of the present invention can be practiced in any application where
a first measurement relative to a process fluid can be combined with a direct reading of flow velocity. Accordingly, vortex
flow measurement, described herein, is simply one example of fluid velocity measurement in accordance with embod-
iments of the present invention.
[0010] Fig. 1 is a diagrammatic view of a fluid mass flow measurement system 10. System 10 includes differential
pressure flow measurement system 12 and vortex flow measurement system 14, both of which are coupled to control
room 16. For simplicity, control room 16 is simply modeled as a voltage source and resistance. Devices 12 and 14 are
illustrated as being mounted diagrammatically to a process fluid pipe 18 having fluid flowing therein in the direction of
arrow 20.
[0011] Differential pressure flow measurement device 12 can be any suitable device including, that sold under the
trade designation 3051SFA Pro Bar Flowmeter available from Rosemount Inc. of Eden Prairie, Minnesota. Vortex flow
measurement device 14 can also be any suitable device. In one embodiment, device 14 is that available under the trade
designation 8800C from Rosemount Inc. Both devices 12 and 14 are considered field devices in that they are suitable
for operation in generally inhospitable environments. Accordingly, devices 12 and 14 are able to withstand the extremes
of outside temperature, vibrations associated with operation in the process industry, as well as EMI and RFI interference.
Field devices 12 and 14 can generally communicate with one another and/or control room 16 over one of any suitable
process industry standard communication protocols. Preferably, devices 12 and 14 communicate in accordance with
the FOUNDATION™ Fieldbus protocol. The Fieldbus protocol is an all-digital protocol that is also able to power connected
field devices. Accordingly, field wiring is substantially simplified when such a process industry standard communication
protocol is employed.
[0012] Some embodiments of the present invention employ differential pressure measurement, in one form or another,
to obtain flow information. This flow information is then supplemented with fluid velocity information that can be sensed
in any suitable manner. The equations for differential pressure flow measurement are set forth below:

Q = volumetric flow rate (ft3/sec);
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CΔP = differential pressure flow calibration constant - dependent upon pipe inner diameter (ID);
ΔP = differential pressure;
ρ = density (lbm/ft3);
D2 = Inside Pipe Diameter squared (ft2); and
K = constant.

[0013] The vortex volumetric flow equations are as follows: 

f is the vortex shedding frequency (Hz);
d is the shedder bar probe (ft);
Cv is the vortex meter calibration constant;
A = inside pipe area (ft2); and
St is the Strouhal number.

[0014] Multiplying the vortex volumetric flow rate Q by the fluid density provides a measure of mass flow. Combining
the volumetric terms of differential pressure flow and vortex volumetric flow yields Equation 5: 

[0015] Solving the equations for density yields Equation 6: 

[0016] Finally, solving for mass flow (using the vortex equation) yields the following Equation 7: 

which simplifies to Equation 8: 

[0017] Fig. 2 illustrates another arrangement where vortex flowmeter 22 is used in conjunction with a differential
pressure flow measurement device 12. Fig. 2 illustrates that the vortex flow measurement device 22 can be disposed
upstream from the differential pressure flow measurement device. Additionally, since the two field devices are coupled
together, the provision of a mass flow rate and/or a density calculation can be done by fluid flow circuitry, such as a
microprocessor, in either, or both of the field devices. However, it is also contemplated that each field device may simply
report its measured information, and the ultimate calculation of mass flow and/or density could be done remotely, such
as by a controller in control room 16.
[0018] Figs. 3A-3E illustrate various ways in which a vortex flow transmitter can be coupled to receive additional sensor
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information. In the various embodiments illustrated in Figs. 3A-3E, a plurality of configurable terminations 41A - 41D are
illustrated coupling various types of sensors and/or sensing systems to the vortex sensing field device. Although four
such configurable terminations are illustrated, any suitable number may be used. Additionally, while a switch 52 is shown
coupling the terminations 41A - 41D to analog-to-digital converter 50, any suitable component can be used to allow the
microprocessor to selectable couple certain terminations 41A - 41D to converter 50.
[0019] Fig. 3A is a diagrammatic illustration of a representative vortex flowmeter 40 coupled to a differential pressure
or pressure transmitter 42 using terminations 41B and 41C. In this embodiment, terminations 41A and 41D are not used.
Embodiments of the present invention include vortex flowmeter 40 coupled to any additional sensor or field device to
receive additional process fluid information which can be combined with the fluid velocity measurement to provide higher
level flow parameters such as mass fluid flow. Vortex flowmeter 40 is adapted to couple to process communication loop
44 via loop communication module 46. Loop communication module 46 allows flowmeter 40 to communicate upon a
process communication loop in accordance with a process industry standard protocol such as, but not limited to, FOUN-
DATION™ Fieldbus, HART®, Profibus-PA, Modbus, Controller Area Network (CAN) or others. Module 46 is coupled to
microprocessor 48, which is further coupled to analog-to-digital converter 50 and switch 52.
[0020] Microprocessor 48 controls switch 52 such that analog-to-digital converter 50 can provide digital information
relative to process variable transmitter 42. Transmitter 42 can, for example, measure fluid pressure (absolute or gage)
or differential pressureMicroprocessor 48 suitably actuates switch 52 in order to selectively couple one of certain con-
figurable terminations 41A, 41B, 41C and 41D to converter 50, thus allowing for a configurable interface based upon a
selection made by microprocessor 48 so the vortex flowmeter can receive receive additional information relative to the
process fluid from another sensor. Current source 57 can be used in situations where a current must be driven through
a resistance in order to measure a voltage relative to transmitter 42.
[0021] While generally temperature information is not required when flow is sensed with differential pressure and
vortex methods, the knowledge of fluid temperature can facilitate providing higher level flow parameters such as heat
content, heat flow, fluid quality and/or composition. Vortex flow sensor 54 and temperature sensor 56 may be coupled
to the microprocessor 48 of vortex flowmeter 40 in any suitable manner as is known in the art to provide flow and
temperature parameter information to the flowmeter. Transmitter 42, may be coupled to power supply 58 and controls
current flowing therethrough based upon a parameter of interest, such as differential pressure, relative to the fluid. The
current controlled by transmitter 42 is converted to a voltage by a virtue of resistor 60. Accordingly, microprocessor 48
can use analog-to-digital converter 50 and switch 52 to measure an additional parameter of interest via transmitter 42.
[0022] Fig. 3B is a diagrammatic view of vortex flowmeter 40 coupled to a piezoresistive pressure sensor 62 using all
of configurable terminations 41A, 41B, 41C and 41D. Many components of flowmeter 40 are similar to that set forth with
respect to Fig. 3A, and like components are numbered similarly. Fig. 3B illustrates switch 52 coupled to four different
nodes 64, 66, 68 and 70 of bridge 72. Piezoresistive pressure transducer 62 is disposed within bridge 72 between nodes
68 and 70. Suitable energization of current source 57 through switch 52 can drive the bridge 72 in such a way that
microprocessor 48 is able to obtain an extremely accurate indication of the resistance of the piezoresistive pressure
transducer. The piezoresistive pressure transducer provides an indication of pressure with respect to the fluid flow.
[0023] Fig. 3C is a diagrammatic view of vortex flowmeter 40 coupled to pressure transducer or differential pressure
transducer 74 using configurable terminations 41B, 41C and 41D. The primary difference between Fig. 3C and the
preceding figures is the manner in which switch 52 is coupled to transducer 74. Specifically, switch 52 wholly powers
transducer 74 via positive and negative power lines 76 and 78 coupled to configurable terminations 41B and 41D,
respectively. Communication between flowmeter 40 and pressure transducer 74 is done over signal line 80, coupled to
termination 41C, in accordance with any suitable known method. Transducer 74 can be any suitable device that can
operate upon the power supplied over lines 76 and 78 and provide an electrical indication over line 80 relative to a
parameter of interest with respect to the fluid flow.
[0024] Fig. 3D is a diagrammatic view of vortex flowmeter 40 coupled to pressure transmitter or differential pressure
transmitter 80 via lines 82, 84 coupled to terminations 41C and 41B, respectively. In embodiments where operating
power for transmitter 80 is not provided over lines 82 and 84, transmitter 80 is also preferably coupled to a power supply
86 via lines 88, 90. In the embodiment illustrated in Fig. 3D, vortex flowmeter 40 includes Controller Area Network (CAN)
control module 92 coupling microprocessor 48 to switch 52. CAN control module 92 allows microprocessor 48 to com-
municate over lines 82 and 84 with pressure transmitter 80 in accordance with the known Controller Area Network
process communication protocol to receive an indication of for example, pressure or differential pressure from transmitter
80.
[0025] Fig. 3E is a diagrammatic view of vortex flowmeter 40 coupled to pressure strain gauge sensor 94 through
terminations 41B and 41C. Switch 52 is coupled to pressure strain gauge sensor 94, which includes a resistance 96
that varies in response to strain. The measured strain is coupled to a member that deflects in response to pressure of
the fluid. Accordingly, microprocessor 48 can measure the pressure of the fluid by determining the resistance of resistor
96. It is appreciated that these examples shown in Figures 3A-E illustrate the flexibility of having a vortex flowmeter 40
with configurable terminations (41A-D) which allows the flowmeter to couple to a variety of pressure or differential
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pressure sensors or transmitters and receive the process fluid information and perform additional calculations based on
the additional information combined with the vortex fluid velocity information. In this way, a user can couple a variety of
different types of pressure or differential pressure sensors or transmitters to the vortex flowmeter for added functionality.
[0026] Thus far, embodiments of the present invention have generally focused on the cooperation of a pair of field
devices to provide a direct indication of fluid density and/or mass flow. However, the manner in which differential pressure
and vortex sensing are done creates synergies that can be advantageously employed in accordance with embodiments
of the present invention. Synergistic combinations are set forth below.
[0027] Fig. 4 is a diagrammatic view of a vortex flowmeter 100 in accordance with an embodiment of the present
invention. Vortex flowmeter 100 includes a vortex displaceable member 102 coupled to displacement sensor 104 which
generates signals indicative of displacement, and thus vortices, to vortex electronics 106. The operation of vortex dis-
placeable member 102, vortex sensor 104 and electronics 106 can be in accordance with any suitable known vortex
sensing methods or techniques. One example of such a method is set forth in United States Patent 4,926,695, assigned
to Rosemount Inc., which provides a rocking beam vortex sensor. The aspect of system 100 in Fig. 4 that is inventive,
is the combination of the known vortex sensing with pressure sensors 108 and 110. Specifically, fluid flow through pipe
18 will generate a differential pressure as it flows past vortex displaceable member 102. Thus, in this embodiment, vortex
deflectable member 102 itself is being used as a fluid flow obstruction that generates differential pressure. The differential
pressure is sensed by electronics 106 via connections 112 and 114. Thus, electronics 106 is able to perform a differential
pressure measurement using pressure sensors 108 and 110, as well as a fluid velocity measurement using vortex
sensing. The resultant mass flow and/or fluid density, as well as and other suitable properties, can be conveyed over
process communication loop 116.
[0028] Each of pressure sensors 108, 110 is preferably a semiconductor-based pressure sensor. These types of
pressure sensors are taught in United States Patent 5,637,802, assigned to the Assignee of the present invention. Such
semiconductor based pressure sensors generally provide a capacitance that varies with deflection of a portion of the
semiconductor sensor. The deflection is in response to an applied pressure. The use of semiconductors, and in particular,
sapphire provides a number of advantages. Sapphire is an example of a single-crystal material that when properly fusion-
bonded has no material interface between the two bonded portions. Thus, the resulting structure is exceptionally robust.
Additionally, semiconductor based sensors have extremely hysteresis and have an extremely high frequency response.
Additional information related to semiconductor based pressure sensors can be found in United States Patents 6,079,276;
6,082,199; 6,089,907; 6,484,585; and 6,520,020, all of which are assigned to the assignee of the present invention.
[0029] The use of a sapphire-based sensor is particularly beneficial in embodiments, such as that illustrated in Fig. 4,
where the pressure sensor itself is exposed to the process fluid. Sapphire is corrosion resistant. Additionally, the sapphire
pressure sensor has a fast response time, typically above 100 kHz, a feature that is particularly advantageous in em-
bodiments of the present invention (such as described later with respect to Fig. 5) where the pressure sensor is also
used to sense vortices. By directly placing the pressure sensor in contact with the process fluid, there is no isolation
fluid, such as silicone oil, that can delay the pressure sensor response and/or dampen system effectiveness.
[0030] Transducer circuits currently used with semiconductor based pressure sensors provide very high accuracy and
a fast response time. Additionally, many circuits can be combined on an application-specific integrated circuit (ASIC).
[0031] Fig. 5 is a diagrammatic view of system 200 in accordance with an embodiment of the present invention. System
200 includes electronics module 202 coupled to a pair of pressure transducers 108 and 110. Pressure transducer 108
is disposed in dual-function primary element 204. Device 204 is dual function in that it couples pressure sensor 108 to
upstream pressure 206 via holes 208, as well as generating vortices 212. Dual function element 204 is shaped to induce
vortices 212 as fluid flows by element 204. Pressure sensor 110 is disposed downstream of element 204 and thus not
only senses downstream pressure, but senses pressure fluctuations indicative of vortices 212 passing thereby.
[0032] Each of pressure sensors 108 and 110 is preferably a semiconductor-based pressure sensor. As set forth
above, such sensors typically have a advantageous high-frequency response. Thus, sensor 110 is able to provide an
indication of instantaneous pressure so rapidly, that pressure fluctuations indicative of vortices can be measured and/or
detected.
[0033] Fig. 6 is a diagram illustrating operation of system 200. Line 214 is indicative of a pressure measurement
indication from pressure sensor 108 relative to upstream pressure over time. As illustrated in Fig. 6, the upstream
pressure indicated by sensor 106 is relatively flat. In distinct contrast, pressure sensor 110 provides an indication of
pressure illustrated at line 216. Line 216 includes a number of peaks 218 and valleys 220 indicative of local pressure
increases and decreases proximate sensor 110 as vortices 212 pass by. An average 222 of the downstream pressure
sensor 110 signal is useful for computing differential pressure. Accordingly, a differential pressure measurement can
be obtained by subtracting average 222 from upstream pressure 214. Further, an indication of vortex frequency is
provided by measuring the relative time between local peaks 218 and/or local valleys 220.
[0034] Fig. 7 is a diagrammatic view of a system 300 in accordance with another embodiment of the present invention.
System 300 also employs a synergy between vortex sensing and differential pressure flow measurement. In particular,
system 300 includes a differential pressure flow measurement device 302 which provides an indication of differential
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pressure relative to fluid flowing past element 304. Preferably, differential pressure flow measurement device 302 is in
accordance with United States Patent 6,470,755. Additionally, element 304 is preferably "T"-shaped, with the cross
section across lines A-A being illustrated in Fig. 8. Other suitable shapes may be used as will be apparent. Element 304
couples first pressure 303 to chamber 306 and ultimately to an upstream pressure sensor in fluid communication with
chamber 306. The upstream pressure sensor is preferably a semiconductor based pressure sensor. Second chamber
308 is coupled to a downstream pressure 305 via one or more holes 310. Additionally, element 304 may contain a recess
or bore 312 that is suitable for inserting a temperature sensing device. The primary element shape(s) taught in United
States Patent 6,470,755, and as well as that set forth in Figs. 7 and 8 provide an important feature. Specifically, the
primary element while effectively transducing differential pressure, also generates Karman vortices downstream. As
illustrated in Fig. 7, a vortex transducer 320 located downstream from primary element 304 provides an indication of
vortices to vortex electronics 322 via lines 324.
[0035] In accordance with one aspect of the present invention, vortex transducer 320 is insertable in and anchored
on a single side of pipe 18. Transducer 320 contains element 326 that is deflectable by passing vortices.
[0036] Figs. 9A-9C illustrate element 326 of Fig. 7 is greater detail. Element 326 is configured to extend through a
hole, sized to pass outer diameter 328, in pipe 18. Element 326 preferably includes a longitudinal beam 330 that is
intersected by a transverse beam 332. A thinned displacement member 334 extends from surface 336 and provides
lateral surface area 338. Lateral surface area 338, supported by longitudinal beam 330 and transverse beam 332,
provides a surface against which the pressure of passing vortices act. As vortices pass, element 326 is displaced slightly
in the directions of arrow 338. Since element 326 is preferably anchored at flange 340 the tip 342 will oscillate in a
direction 344 opposite direction 338. Tip 342 is preferably coupled to a standard piezoelectric vortex flow sensing
apparatus, such as that commercially available from Rosemount Inc. under part number 08800-0250-0001. Element
326 is a relatively low cost item since it can be easily fabricated using known casting techniques.
[0037] In operation, systems operating in accordance with embodiments of the present invention can provide quick
and accurate indications of mass flow and/or density. The calculation of mass flow and/or density can be performed by
a field device, or remotely. One way that the calculation can be performed remotely, is to create a function block in a
digital communications environment such as that sold under the trade designation Plantweb® available from Fisher-
Rosemount Systems Incorporated of Austin, Texas, to calculate mass flow and/or density from two standard flow meas-
urements (one differential pressure flow, and one fluid velocity indication). In such a configuration, the calculation of
mass flow and density is added to a function block. Essentially, the two measurements are then used to create a virtual
densitometer and/or a virtual mass flowmeter. Any volumetric technology, including vortex, magnetic, turbine, positive
displacement and ultrasonic can be used in combination with the differential pressure flow device to provide a fluid
velocity indication.
[0038] As set forth above, embodiments of the present invention employ differential pressure measurement element.
One preferred manner in which differential pressure is measured, is using the commercially available 485 Annubar®
sensor from Rosemount Inc.. This is preferred since the flow coefficient (K) is linear with flow. If an orifice plate is used,
matters become somewhat more complicated since the discharge coefficient is then dependent upon the Reynold’s
number. A conditioning plate could be used in conjunction with the orifice plate in order to reduce the amount of straight
run pipe.
[0039] The measurement of fluid temperature provides valuable information in some embodiments. Particularly, in a
vortex measurement system that contains electronics for reading a vortex shedding signal from a piezo sensor, a
temperature from a temperature sensor (such as a Resistance Temperature Device (RTD), thermocouple, etc.) and a
differential pressure from a differential pressure sensor, mass flow can then be computed directly in the field device and
CP can be compensated for sensitivity to process temperature and velocity, or Reynolds number.
[0040] This is an important feature especially with respect to steam mass flow and quality. To determine steam mass
flow and quality using a vortex meter measuring differential pressure, temperature and volumetric flow, a CP for the
differential pressure measurement should be known over a variety of mass flow and steam quality parameters. Similarly,
the vortex meter flow should be characterized as a function of mass flow and steam quality. Assuming that the steam
is not superheated, vapor and liquid phase densities can be calculated based on saturation properties at the measured
temperature. Given this measured value and a CP = f(x,m), and a vortex flow where the vortex K-factor K = f(x,m) where
the x is steam quality and the m is mass flow, a system of two equations and two unknowns can accordingly be solved
for the two unknowns. Solutions to these types of equations are performed today in a distributed control system, or
similar location remote from the field device. In accordance with embodiments of the present invention, the field devices
are now able to do this measurement in the field saving the customer money and providing higher quality information
for control. Fig. 10 is a graph illustrating a difference in readings between an orifice plate reading and a vortex flowmeter
reading 402 for varying steam quality X.
[0041] In accordance with another embodiment of the present invention, volumetric flow rate from a first field device
can be used to tune, calibrate, or otherwise improve the operation and/or accuracy of the second field device. For
example, volumetric flow rate can be determined by a differential pressure signal and fed back into the vortex flow
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measurement circuit and used to tune a notch filter in the vortex circuit. This feature can help address a problem particular
to vortex sensing where the vortex signal is susceptible to background noise. By tuning the notch filter and digital signal
processing based upon feedback from the differential pressure volumetric signal, the vortex measurement circuit is
better able to track the actual vortex signal. Additionally, separate measurement of vortex and differential pressure flow
enables diagnostics to be run that compare the two signals. For example, if the differential pressure-derived flow and
the vortex-derived flow begin to diverge, an alarm or other suitable indication can be generated alerting the operator to
a problem. This internal checking may be of particular interest in applications that employ safety implemented systems
(SIS).
[0042] Although the present invention has been described with reference to preferred embodiments, workers skilled
in the art will recognize that changes may be made in form and detail without departing from the scope of the invention.

Claims

1. A system (10) for measuring a property of a process fluid in a pipe (18), the system (10) comprising:

a vortex sensing field device (14, 40, 100) adapted to couple to the pipe and to measure a velocity of the fluid
flowing in the pipe, the vortex sensing field device (14, 40, 100) having a plurality of configurable terminations
(41A-41D);
a pressure transmitter (12, 42, 62, 74, 80, 94) operably coupled to the plurality of configurable terminations
(41A-41D) to provide an indication of a fluid pressure ; and
a switch (52) coupled to the plurality of configurable terminations (41A-41D) and to a microprocessor (48) in
the field device (40), wherein the microprocessor (48) controls the switch (52) to selectably couple the config-
urable terminations (41A-41D) to an analog-to-digital converter in the vortex sensing field device;
wherein the vortex sensing field device (14, 40, 100) is configured to calculate the property of the fluid based
upon fluid velocity and the fluid pressure provided through the operably coupled configurable terminations (41A-
41D).

2. The system of claim 1, wherein the pressure transmitter (12, 42, 62, 74, 80, 94) includes a differential pressure
sensor disposed to measure differential pressure across a flow interrupter.

3. The system of claim 1, wherein the property of the process fluid is density.

4. The system of claim 1, wherein the property of the process fluid is mass flow.

5. The system of claim 1, wherein the pressure transmitter is a differential pressure transmitter.

6. The system of claim 1, wherein the vortex sensing field device (14, 40, 100) includes a resistor (60) coupled across
a communication loop of the pressure transmitter.

7. The system of claim 1, wherein the pressure transmitter is disposed within a resistor bridge circuit.

8. The system of claim 1, wherein the vortex sensing field device (14, 40, 100) provides power to the pressure transmitter.

9. The system of claim 2, wherein the differential pressure sensor provides an indication of differential pressure to the
vortex sensing field device in the form of a voltage.

10. The system of claim 1, wherein the vortex sensing field device (14, 40, 100) and the pressure transmitter communicate
in accordance with a process industry standard communication protocol.

11. The system of claim 10, wherein the protocol is the Controller Area Network protocol.

12. The system of claim 1, wherein the vortex sensing field device (14, 40, 100) communicates the fluid flow property
in accordance with a process industry standard communication protocol.

13. The system of claim 2, wherein the vortex sensing field device (14, 40, 100) includes a bluff body that generates
and measures vortices in the flowing fluid, and wherein the differential pressure sensor measures a first pressure
using a first pressure sensor disposed upstream from the bluff body, and a second pressure sensor disposed
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downstream from the bluff body.

14. The system of claim 1, and further comprising a temperature sensor (56) operably coupled to the vortex sensing
field device and disposed to provide an indication of process fluid temperature.

15. The system of claim 14, wherein the property of the process fluid is thermal mass flow.

16. The system of claim 14, wherein the property of the process fluid is fluid composition.

17. The system of claim 14, wherein the property of the process fluid is steam quality.

18. The system of claim 2, wherein the differential pressure sensor comprises a pair of pressure sensing elements,
each element being formed of a semiconductor material.

19. The system of claim 18, wherein the semiconductor material is sapphire.

20. The system of claim 2, wherein the differential pressure sensor is disposed for direct contact with the process fluid.

21. The system of claim 1 wherein the vortex sensing field device is adapted to couple through the plurality of configurable
terminations to a fluid sensor selected from the group consisting of an absolute pressure sensor, a gage pressure
sensor or a differential pressure sensor.

Patentansprüche

1. System (10) zum Messen einer Eigenschaft eines Prozessfluids in einem Rohr (18), wobei das System (10) aufweist:

ein Wirbelmessungsfeldgerät (14, 40, 100), das eingerichtet ist, an ein Rohr gekoppelt zu werden und eine
Geschwindigkeit des in dem Rohr fließenden Fluids zu messen, wobei das Wirbelmessungsfeldgerät (14, 40,
100) mehrere konfigurierbare Anschlüsse (41A-41D) hat;
einen Drucktransmitter (12, 42, 62, 74, 80, 94), der operativ mit den mehreren konfigurierbaren Anschlüssen
(41A-41D) gekoppelt ist, um eine Angabe eines Fluiddrucks bereitzustellen; und
einen Schalter (52), der mit den mehreren konfigurierbaren Anschlüssen (41A-41D) und mit einem Mikropro-
zessor (48) in dem Feldgerät (40) gekoppelt ist, wobei der Mikroprozessor (48) den Schalter (52) steuert, um
die konfigurierbaren Anschlüsse (41A-41D) selektiv mit einem Analog/Digital-Umsetzer in dem Wirbelmes-
sungsfeldgerät zu koppeln;
wobei das Wirbelmessungsfeldgerät (14, 40, 100) konfiguriert ist, auf Basis der Fluidgeschwindigkeit und des
Fluiddrucks, der durch die operativ gekoppelten konfigurierbaren Anschlüsse (41A-41D) bereitgestellt ist, die
Eigenschaft des Fluids zu berechnen.

2. System nach Anspruch 1, wobei der Drucktransmitter (12, 42, 62, 74, 80, 94) einen Differentialdrucksensor aufweist,
der angeordnet ist, um einen über einen Flussunterbrecher liegenden Differentialdruck zu messen.

3. System nach Anspruch 1, wobei die Eigenschaft des Prozessfluids Dichte ist.

4. System nach Anspruch 1, wobei die Eigenschaft des Prozessfluids Massenfluss ist.

5. System nach Anspruch 1, wobei der Drucktransmitter ein Differentialdrucktransmitter ist.

6. System nach Anspruch 1, wobei das Wirbelmessungsfeldgerät (14, 40, 100) einen Widerstand (60) aufweist, der
quer über eine Kommunikationsschleife des Drucktransmitters gekoppelt ist.

7. System nach Anspruch 1, wobei der Drucktransmitter in einer Widerstandsbrückenschaltung angeordnet ist.

8. System nach Anspruch 1, wobei das Wirbelmessungsfeldgerät (14, 40, 100) den Drucktransmitter mit Strom versorgt.

9. System nach Anspruch 2, wobei der Differentialdrucksensor dem Wirbelmessungsfeldgerät eine Angabe eines
Differentialdrucks in Form einer Spannung bereitstellt.
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10. System nach Anspruch 1, wobei das Wirbelmessungsfeldgerät (14, 40, 100) und der Drucktransmitter gemäß einem
Prozessindustrie-Standardkommunikationsprotokoll kommunizieren.

11. System nach Anspruch 10, wobei das Protokoll das Controller-Area-Network-Protokoll ist.

12. System nach Anspruch 1, wobei das Wirbelmessungsfeldgerät (14, 40, 100) die Fluidflusseigenschaft gemäß einem
Prozessindustrie-Standardkommunikationsprotokoll kommuniziert.

13. System nach Anspruch 2, wobei das Wirbelmessungsfeldgerät (14, 40, 100) einen Bluffkörper aufweist, der Wirbel
in dem fließenden Fluid erzeugt und misst, und wobei der Differentialdrucksensor unter Verwendung eines strom-
aufwärts des Bluffkörpers angeordneten ersten Drucksensors und eines stromabwärts des Bluffkörpers angeord-
neten zweiten Drucksensors einen ersten Druck misst.

14. System nach Anspruch 1, und ferner aufweisend einen Temperatursensor (56), der operativ mit dem Wirbelmes-
sungsfeldgerät gekoppelt ist und angeordnet ist, um eine Angabe einer Prozessfluidtemperatur bereitzustellen.

15. System nach Anspruch 14, wobei die Eigenschaft des Prozessfluids thermischer Massenfluss ist.

16. System nach Anspruch 14, wobei die Eigenschaft des Prozessfluids Fluidzusammensetzung ist.

17. System nach Anspruch 14, wobei die Eigenschaft des Prozessfluids Dampfqualität ist.

18. System nach Anspruch 2, wobei der Differentialdrucksensor ein Paar von Druckmessungselementen aufweist,
wobei jedes Element aus einem Halbleitermaterial hergestellt ist.

19. System nach Anspruch 18, wobei das Halbleitermaterial Saphir ist.

20. System nach Anspruch 2, wobei der Differentialdrucksensor für einen direkten Kontakt mit dem Prozessfluid ange-
ordnet ist.

21. System nach Anspruch 1, wobei das Wirbelmessungsfeldgerät eingerichtet ist, durch die mehreren konfigurierbaren
Anschlüsse mit einem aus der folgenden Gruppe ausgewählten Fluidsensor gekoppelt zu werden: ein Absolutdruck-
sensor, ein Eichmaßdrucksensor oder ein Differentialdrucksensor.

Revendications

1. Système (10) de mesure d’une propriété d’un fluide de process dans une conduite (18), le système (10) comprenant :

un dispositif sur site de détection de vortex (14, 40, 100) adapté pour être couplé à la conduite et pour mesurer
une vitesse du fluide qui circule dans la conduite, dispositif sur site de détection de vortex (14, 40, 100) ayant
une pluralité de terminaisons configurables (41A-41D) ;
un transmetteur de pression (12, 42, 62, 74, 80, 94) couplé de manière opérative à la pluralité de terminaisons
configurables (41A-41D) afin de fournir une indication d’une pression de fluide ; et
un commutateur (52) couplé à la pluralité de terminaisons configurables (41A-41D) et à un microprocesseur
(48) dans le dispositif sur site (40), dans lequel le microprocesseur (48) contrôle le commutateur (52) afin de
coupler sélectivement les terminaisons configurables (41A-41D) à un convertisseur analogique/numérique dans
le dispositif sur site de détection de vortex ;
dans lequel le dispositif sur site de détection de vortex (14, 40, 100) est configuré pour calculer la propriété du
fluide sur la base de la vitesse du fluide et de la pression de fluide fournie par le biais des terminaisons confi-
gurables couplées (41A-41D).

2. Système selon la revendication 1, dans lequel le transmetteur de pression (12, 42, 62, 74, 80, 94) comprend un
capteur de pression différentielle disposé pour mesurer la pression différentielle au sein d’un interrupteur de débit.

3. Système selon la revendication 1, dans lequel la propriété du fluide de process est une densité.

4. Système selon la revendication 1, dans lequel la propriété du fluide de process est un débit massique.



EP 1 730 476 B1

11

5

10

15

20

25

30

35

40

45

50

55

5. Système selon la revendication 1, dans lequel le transmetteur de pression est un transmetteur de pression diffé-
rentielle.

6. Système selon la revendication 1, dans lequel le dispositif sur site de détection de vortex (14, 40, 100) comprend
une résistance (60) couplée au sein d’une boucle de communication du transmetteur de pression.

7. Système selon la revendication 1, dans lequel le transmetteur de pression est disposé dans un circuit de pont de
résistance.

8. Système selon la revendication 1, dans lequel le dispositif sur site de détection de vortex (14, 40, 100) fournit de
l’énergie au transmetteur de pression.

9. Système selon la revendication 2, dans lequel le capteur de pression différentielle fournit une indication de pression
différentielle au dispositif sur site de détection de vortex sous la forme d’une tension.

10. Système selon la revendication 1, dans lequel le dispositif sur site de détection de vortex (14, 40, 100) et le trans-
metteur de pression communiquent selon un protocole de communication standard de l’industrie de la transformation.

11. Système selon la revendication 10, dans lequel le protocole est le protocole CAN (Controller Area Network).

12. Système selon la revendication 1, dans lequel le dispositif sur site de détection de vortex (14, 40, 100) communique
la propriété d’écoulement de fluide selon un protocole de communication standard de l’industrie de la transformation.

13. Système selon la revendication 2, dans lequel le dispositif sur site de détection de vortex (14, 40, 100) comprend
un corps non profilé qui génère et mesure les vortex au sein du fluide en circulation, et dans lequel le capteur de
pression différentielle mesure une première pression à l’aide d’un premier capteur de pression disposé en amont
du corps non profilé, et d’un second capteur de pression disposé en aval du corps non profilé.

14. Système selon la revendication 1, et comprenant en outre un capteur de température (56) couplé de manière
opérative au dispositif sur site de détection de vortex et disposé afin de fournir une indication de température de
fluide de process.

15. Système selon la revendication 14, dans lequel la propriété du fluide de process est un débit massique thermique.

16. Système selon la revendication 14, dans lequel la propriété du fluide de process est une composition de fluide.

17. Système selon la revendication 14, dans lequel la propriété du fluide de process est une qualité de vapeur.

18. Système selon la revendication 2, dans lequel le capteur de pression différentielle comprend une paire d’éléments
de détection de pression, chaque élément étant formé d’un matériau semi-conducteur.

19. Système selon la revendication 18, dans lequel le matériau semi-conducteur est du saphir.

20. Système selon la revendication 2, dans lequel le capteur de pression différentielle est disposé en vue d’un contact
direct avec le fluide de process.

21. Système selon la revendication 1, dans lequel le dispositif sur site de détection de vortex est adapté pour être couplé
par le biais de la pluralité de terminaisons configurables à un capteur de fluide choisi parmi le groupe consistant en
un capteur de pression absolue, un capteur de pression manométrique ou un capteur de pression différentielle.
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