INTRODUCING the
‘Multi-Tech’ Flowmeter

When technologies unite in the name of flow measurement

Some multi-tech flowmeters use
other technologies in addition to their
flowmeter operating principle. For ex-
ample, multivariable flowmeters use
pressure and/or temperature sensors
to help determine the density of the
fluid. They then compute fluid density in
light of the actual process conditions.
These meters use the density measure-
ment together with a volumetric flow
measurement to determine mass flow.
Mass flow controllers use either a ther-
mal or differential-pressure method to
compute mass flow and add a control
valve to control the flow. Mass flow con-
trollers, which can be considered a type
of flowmeter with a control function, are
another type of multi-tech flowmeter.

Another type of multi-tech flowme-
ter makes use of a flowmeter technique
or design that works with multiple flow
technologies. Examples of these types
are insertion, battery-operated, and wire-
less flowmeters. All of these meter types
have a certain technique or method in
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common, and they can be

used with more than one type

of flowmeter. The insertion meth-
od can be used with vortex, thermal,
magnetic, ultrasonic, and with other
types of flowmeters. Battery-operat-
ed flowmeters are used when flow-
meters are placed in remote locations
and when portability is desired. Wireless
flowmeters are used to reduce wiring,
installation, and maintenance costs.
These meters are called cross-technol-
ogy multi-tech meters.

Multivariable Flowmeters
Multivariable flowmeters are one exam-
ple of a type of multi-tech meter. They
determine volumetric flow by using
one of the main flow principles, such
as vortex or differential pressure (DP),
then use the temperature and pressure
values of the fluid from the sensors to
compute mass flow.

The difference between volumetric
flow and mass flow is most important
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for steam and for gases.
Mass flow is a function of
the number of molecules
present in the flow. This
varies with fluid tempera-
ture and pressure, and it is es-
pecially pronounced for steam
and gases. The amount of a
fluid present varies with
the density of the fluid,
and these flowme-
ters determine den-
sity from tempera-
ture and/or pressure
measurements.  Density
is multiplied by volumetric
flow to derive mass flow.
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Multivariable differential-
pressure flowmeters:
Multivariable DP flowmeters
rely on a multivariable DP

E i
@ transmitter that typically incor-

porates both temperature and
pressure sensors. Measuring

Emerson Process Management’s
3051SFA multivariable DP
flowmeter with integrated an-
nubar averaging Pitot tube is an
example of a multi-tech flowme-
ter. (Photo courtesy of Emerson
Process Management)

DP flow requires the use of a primary
element, which can be an orifice plate, a
Venturi tube, a flow nozzle, a Pitot tube,
a wedge meter, etc. The primary element
places a constriction in the line so that
the DP flow transmitter can compute
flow based on the difference between
upstream and downstream pressure.

Multivariable DP flowmeters are
mainly used to measure the flow of
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steam and gas. While they do not have
the same accuracy as Coriolis meters,
they are lower in cost. They can also be
used on almost any size flowmeter, while
Coriolis meters are limited to the lower
line sizes. The wide variety of primary el-
ements available gives them versatility
with different fluid types and conditions.
For example, flow nozzles are widely used
with steam, while Venturi tubes are often
used for large line sizes.

Multivariable vortex flowmeters: Vortex
flowmeters are another important type of
multivariable flowmeter. First introduced
in 1997 by Sierra Instruments (www.sier-
rainstruments.com), vortex meters com-
bine a volumetric flow measurement with
temperature and/or pressure sensors to
compute mass flow. The volumetric flow
measurement is based on counting the
number of vortices generated by a bluff
body that is inserted into the flowstream.
Vortex flowmeters are especially suited to
steam flow measurement because of their
ability to handle temperature and pressure
extremes. Multivariable vortex meters are
mainly used to measure steam and gas
flow. Other companies that have brought
out multivariable vortex meters include
Emerson Rosemount and Yokogawa.
Almost any type of volumetric flow-
meter can be turned into a mass flowme-
ter by adding temperature and pressure
sensors and the required tables for com-
puting mass flow based on these values.

Multivariable DP: Multivariable DP
flowmeters rely on a multivariable DP
transmitter that typically incorporates
both temperature and pressure sensors.

Multivariable Vortex: Multivariable
vortex meters combine a volumetric
flow measurement with temperature
and/or pressure sensors to compute
mass flow.

Mass Flow Controllers: Mass flow
controllers use a control valve to con-
trol the flow as well as measure it,
although some are shipped without a
control valve.
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While some multivariable magnetic flow-
meters are made, they are not widely
used because magnetic flowmeters can
only be used on liquids, which are nearly
incompressible. In the past, the flowme-
ter outputs were sent to a flow computer,
which calculated mass flow based on vol-
umetric flow and density. However, with
multivariable flowmeters, the required
tables and software are placed into the
transmitter itself, which does the mass
flow calculation. This eliminates the need
for the flow computer.

Measuring mass flow directly: Coriolis
flowmeters measure mass flow “direct-
ly,” meaning they don’t measure it using
a calculation. Coriolis flowmeters use
a twisting tube that responds to differ-
ences in fluid acceleration. By mea-
suring the amount of twisting motion,
the Coriolis flowmeter determines mass
flow, which is directly proportional to the
amount of twist in the tube.

It might seem that Coriolis flowmeters
should be called multi-tech flowmeters,
since they typically output two or more
variables, including mass flow and den-
sity. However, the term “multi-tech flow-
meter” refers to flowmeters that use one
or more technologjes in addition to those
used in the principle of operation of the
flowmeter, not to the number of outputs.

Some flowmeters use multiple tech-
nologies in their principle of operation,
but these are not classified as multi-tech

Insertion Flowmeters: Insertion
flowmeters are called-so because the
sensor is inserted into a pipe, usually
through a hole that is drilled into the
pipe. Some different types of insertion
flowmeters include magnetic, ultra-
sonic, turbine, vortex, and thermal.

Battery-Operated & Wireless Flow-
meters: Battery-operated flowmeters
are used when flowmeters are placed in
remote locations and when portability is
desired. Wireless flowmeters are used
to reduce wiring, installation, and main-
tenance costs. These meters are called
cross-technology multi-tech meters.
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flowmeters based on that
alone. Vortex flowmeters,
for example, use pres-
sure sensors in the shed-
der bar to determine the
alternating effect of the
formation of vortices as
measured by pressure
sensors in the shedder
bar. The vortices formed
are sensed by a variety
of technologies, including
piezoresistive, ultrasonic,
and capacitive. But these are all part of the operating principle
of vortex flowmeters that are used to measure volumetric flow.
Vortex meters do not become multi-tech meters until pressure
and/or temperature sensors are added for the purpose of de-
termining mass flow, making them multivariable meters.

Mass Flow Controllers

Mass flow controllers are another type of flowmeter that use
an additional technology beyond its flowmeter operating prin-
ciples. Mass flow controllers use a control valve to control the
flow as well as measure it, although some are shipped without
a control valve. Most mass flow controllers are 2”7 or less in
diameter, and they are widely used in the semiconductor indus-
try. They also have a growing use in industrial environments,

“ Why should we have another flowme-
ter category? We already have new,
traditional, and emerging technology
flowmeters, along with all the individ-
ual flowmeter types. There is a simple
reason for this category—it defines some-
thing that is both important and com-
mon to certain types of ﬂowmeters.,,
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including chemical, fuel
cells, metals processing,
gas analyzers, solar/pho-
tovoltaic applications,
and many other indus-
trial applications where
gases are measured.
Mass flow control-
lers are almost entirely
used for gas flow mea-
surement and control,
though some do exist for
liquid applications.

Cross-Technology Multi-Tech Flowmeters
Another group of multi-tech flowmeters use a technique or
method across a range of technologies. These flowmeters are
still classified according to their flowmeter type, such as mag-
netic or ultrasonic, but they have a unique feature that sets
them apart from other flowmeters of the same type. Examples
include insertion, battery-operated, and wireless flowmeters.

Insertion Flowmeters: Insertion flowmeters are called-so
because the sensor is inserted into a pipe, usually through a
hole that is drilled into the pipe. Insertion meters have some
important advantages. One is that they can handle flow mea-
surement in pipes of almost any size. Secondly, they do not
have a meter body, like inline meters, so they typically are less
expensive than their inline counterparts. One disadvantage of
insertion flowmeters is that they are typically not as accurate
as inline meters. Some different types of insertion flowmeters
include magnetic, ultrasonic, turbine, vortex, and thermal.

Insertion magnetic flowmeters are of special interest be-
cause large line size magmeters get very expensive. Some
have diameters as large as 110”". Inline meters also require
cutting a segment from the pipe, while insertion meters can
be installed through a hole in the pipe, reducing installation
costs. Insertion ultrasonic flowmeters typically place a send-
ing and receiving transducer on either side of the pipe. This
causes very little pressure drop. Because the signal does not
have to pass through the pipe wall, they are more accurate
than clamp-on meters.

Battery-operated and wireless: Battery-operated and wire-
less flowmeters are used in remote places where electricity is
unavailable or wiring is impractical or not available. Battery-
operated and wireless magnetic flowmeters are a small but
growing segment of the magnetic flowmeter market. These
meters are used for water applications, including distribution,
extraction, agriculture, irrigation, and networking. Remote loca-
tions that would have been uneconomical to wire for power are
now being done almost routinely. This change means that the
magnetic flowmeter benefits of higher accuracy, minimal flow
pressure drop, and reduced maintenance are now affordable to
many end-users.

Other types of battery-operated flowmeters include ultrasonic
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and vortex. Battery-operated ultrasonic
flowmeters are used for applications in
pure water, sea water, wash water, sew-
age, process liquids, oils, and chemicals.
Battery-operated vortex flowmeters are
used for circulating water, well water, and
wastewater applications, among others.
Vortex meters have minimal pressure drop
and can handle dirty water applications.
Their main weakness is measuring very
low flows.

Wireless is also a growing trend among
temperature and pressure transmitters,
including differential pressure transmit-
ters. Honeywell (www.honeywellprocess.
com) has a wireless DP transmitter that
operates in four modes—differential
pressure, orifice flow, open-channel, and
level. Wireless pressure transmitters are
used for remote monitoring of oil, gas,
natural gas, and production wells. Wire-
less has also reached the area of com-
munication protocols. Emerson Process
Management (www.emersonprocess.
com) is offering a WirlessHART pressure
transmitter. This transmitter is offered for
differential, gauge, and absolute pres-
sure transmitters.

Why Recognize Multi-Tech
Flowmeters As a Category?
Why should we have another flowmeter

category? We already have new, tradition-
al, and emerging technology flowmeters,
along with all the individual flowmeter
types. There is a simple reason for this
category—it defines something that is
both important and common to certain
types of flowmeters. These meter types
usually get discussed in the context of
the type of flowmeter they are. So mul-
tivariable meters get discussed with vor-
tex meters, battery-operated meters get
discussed as segments of the magnetic
flowmeter market, and insertion meters
get talked about as a type of thermal or
ultrasonic meter. But the different types of
insertion or multivariable flowmeters sel-
dom get considered alongside other flow-
meter types with the same technology.
Someone who is looking for a multi-
variable flowmeter may wish to know how
vortex multivariable meters compare to
multivariable DP flowmeters. Or an end-
user looking for an insertion flowmeter
might want to know how insertion mag-
netic, vortex, ultrasonic, thermal, and
turbine all compare. While such a per-
son could probably piece the information
together from different sources, they are
more likely to find it if these meters are
all considered part of the same category
of meter, i.e., multi-tech meter. It is also
possible that the concept of multi-tech

meter could suggest or inspire new ways
to measure flow.

It is likely that other types of flow-
meters can be considered multi-tech
meters. These include steam flowme-
ters, gas flowmeters, and possibly cus-
tody-transfer meters. The flowmeters
described above are the most obvious
candidates for the multi-tech category,
but it is probable that other types will be
added as the category is considered.
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For more on multi-tech flowmeters, visit
www. multitechflow.com.
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