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loww measurement is one of the most
F unportant functions in modern industn-

Al plants, Whether the application in-
volves ell from a well, hydrecarbon in a
refimery, or steam ina chemical plant, accu-
rate flow measurement s essenbal to efficient
and procuctive manutacturing operabions.

This article discusses the operating prin-
ciphes of the different types of Fowmeters
curtently available, as well as thisr advan-
fages and disadvantages, |t also identifics
new flowmeter technologies that are replac-
myg more tradibonal methods based on dif-
ferential pressure (DFFbased measurement,
and explains why this oecurring,
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Types of flowmeters

Most flowmeters can be  ¢lassified
amoeng the types histed in Table 1 (though
you will undoubtedly mun into other classifi-
cafion structures]. The table lists flowmeter
bypes, along with o brief descrption of the
technolopy used by each type.

DP-hasad  flowmieters measure the de-
chese in pressure that ocours when there 15 a
restriction in the flow path. The wype of Dp-
based flovwmeter varles with the bype of e
strichion—with the restrichion being referred
b as the primary element The main tvpes of
primary elements afe orifice plates, venturis,

Table 1: Types of lowmelers and
fowmeter technologies
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flow nozzles, and averaging Pitor tubes,
Magmetic flowmeters are used exclusive-
Iy for conductive liguids or slurries, and an




widely used in the food and beverage and
pulp and paper industries. The sizes of mag-
netic flowmeters range from under one inch
to nearly 100 inches.

Coriolis flowmeters measure mass How
directly by sensing the effect of flowing lig-
uid on a vibrating tube. They are known
mainly for their high accuracy, and are the
maost expensive flowmeter, in terms of initial
price, within their size range. They range in
size from under one inch to six inches.
Besides mass flow, many Coriolis meters also
provide a density measurement.

Thermal mass Howmeters are mainly
used lo measure the Nlow of clean gases with
known heat capacities. They are largely used
in the refining and chemical industries.

While mast Howmeters measure How in
closed pipes, open-channel flowmelers are
used to measure the flow of liquids in open
channels and partially-full pipes. In many
cases, open-channel flowmeters are the only
type of measurement device available. They
are widely used in the water and wastewaler
industry and process plants to measure the
flow of effluent,

Positive displacement (PLY) flowmeters
are based on the idea of collecting fluid in a
comtainer of known size, then counting how
many times the container can be filled with
the fluid, PD meters are very accurate, and
widely used in the oil and gas industey.

Turbine flowmeters rely on a rotor thal
sping in proportion to flow rate, They are
widely used to measure both liquid and gas
How, The American Gas Association (AGA)
has published a standard for use of turbine
meters called AGA-7. The American Petrole-
um Institute (AP} has alse published stan-
dards for the use of turbine meters.

Ultrasomic flowmeters were fArsl inlro-
duced commercially in 1963 In the early days
of their use, they gained a bad reputation,
mainly because thev were being misapplied.
Recent improvements have dramatically
improved their accuracy, and have reversed
this negative impression. Today, the world-
wide ultrasonic flowmeter market is the
tastest growing of all flowmeters, outpacing
even the Coriolis meter market.

Vortex flowmeters were introduced in
the early 1970s. They rely on the generation
of vortices by a bluff body placed in the flow

stream, Vortex meters are most widely used
for steam measurement, but can also be used
to measure hquid and gas. These instruments
have higher accuracy than DP-based meters
using an orifice plate, and their installation is
relatively simple.

Flowmeter advantages and disadvantages
While reasons for selecting one flowme-
ter over another vary, users typically make
their decisions based on the perceived advan-
tages and disadvantages of the flowmeters
they are considering, A complete list of ad-
vantages and disadvantages would take into
account al leas| these criterfa: accuracy, relia-
bility, purchase price, installed cost, cost of
ownership, ease of use, capability of measur-
mg liquid, steam, and gas, rangeability, tum-
down, degree of smartness, repeatability,
pressure drop, intrusiveness, Beynolds Num-
ber constraints, sizes available, maintenance,
sensitivity to vibratiom, and upstream and
downstream piping requirements. ( Table 2).

Volumetric flow vs mass flow

Flow in a pipe is the actual volume of
fluid that passes a given point in a specified
uniit of time, Volumetric flow {Q) can be cal-
culated by multiplying the cross-sectional
area of the pipe times average fluid velocity.
Typical units of volumetric fow include gal-
lons {or liters) per minute and cubic fest (or
MEeTs) Pper minute,

The flow of gases is normally measured
in terms of mass per unit time. Mass flow (W)
of a gas can be calculated by multiplving its
density (p) times the volumetric flonw. Typical
units of mass low include pounds (or kilo-
grams) per minute and standard cubic feel
o meters) per minute,

While most liquids are nearly incom-
pressible, densities of gases vary with operat-
ing temperature and pressure. Some flowme-
ters, such as Coriolis metors, measurne mass
Aowe directly. While volumetric flowmeters
de net measure mass flow directly, mass flow
can be computed from density and volumet-
ric flow (W = Qp). Some volumetric merers
infer density based on the measured pressure
and /or temperature of the fluid, then use
this density value together with volumetric
tlow to compute mass flow, This is called an
inferred method of measuting mass low,



Mew technologies displace workhorses

One of the most significant brends in
today’s flowmeter market is that new techh-
nologies, such as Coriclis mass, ultrasonic,
and wvortex, are displacing  traditional DP
flowmeters that use orifice plates and other
primary elements. These newer technologies
are also displacing turbine and positive dis-
placement flowmeters.

The increasing need for highly-accurate
measurements is the principal driving force
behind the increased use of Coriolis mass
flowmeters, Ultrasonic flowmeters are being
used more because they are nonintrusive,
have wide rangeability, and are substantially
more accurate than they were len years ago.
Vortex fowmeters are used because they
have low mstalled cost, low maintenance,
and ean measure steam. liquid, and gas.
Thus, the perceived advantages of the new
technology  flowmeters are driving the
flowmeter market.

While there is no doubt about the trend
toward new  technologies, the speed with
which the large installed base of traditional
technologies (e.g., orifice plate, turbine, and
positive displacement meters) is being dis-

placed is being limited by several factors. To
begin with, users prefer to stick with &
proven technology, and tvpically need a
compelling reasoen to move to a new technol-
gy As a result, they often choose the same
tvpe of flowmeter when selecting a replace-
ment meter, Also, many users simply do not
understand the newer technologies well
encugh to feel comfortable selecting then.
And finally, the traditional lechnologies have
4 strong advantage in approvals from indus-
try associations such as the AGA and the APL
While this is changing, it is changing slowlw

However, pressure transmitter suppliers
are not standing idly by while their market
shares in flow measurement lose ground to
altermative technologies. They have respond-
ed in two ways introducing mualtivariable
flowmeters that provide a measurement of
inferred mass fAow, and accelerating the
search for improved primary elements to use
with pressure transmitters,

Multivaricable lowmeters tor inferred mass flow

Most volametric flowmeters, such as
Di*based flowmeters, sense a smgle process
variable and calculate volumetric Aow based

Table 2: Advantages and disadvaniages of different types of flowmeters
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(counter clockwise)

FIG. 1: Multivariable tech-
nology is not limifed to dif-
ferential pressure transmit-
ters. Honeywell has intro-
duced a multivariable ver-
sion of its MagneW 3000
Plus magnetic flowmeter
that uses a process tem-
perature measurement
and a density compensa-
tion calculation fo calcu-
late mass flow.

FIG. 2: Sierra instruments
recently infroduced ifs
innova-Mass multivariable
vortex flowmeter. This
instrument measures mass
flow, along with four other
process variables.

FIG. 3: Fisher-Rosemount
has integrated its Model
3095 MV transmitter with
the Annubar to create the
Mass ProBar—a system that
computes mass flow from
the differential pressure,
static pressure, and tem-
perature process values.

on this parameter.
However, the past
few years have
seen the introduc-
tion of multivari-
able flowmeters
that measure more
than one process
variable, and pro-
duce more than

one output.
Among  the

multivariable

flowmeters cur-

rently available are pressure transmitters that
use differential pressure, static pressure, and
process temperature measurements to calcu-
late mass flow. Examples of these instruments
include the Model 3095 MV from Fisher-Rose-
mount and the SMV 3000 from Honeywell
These multivariable pressure transmitters can
do the same job as two pressure transmitters, a
temperature transmitter, and a flow computer.

While transmitters such as these mea-
sure mass flow, the measurement is a calcu-
lated, or inferred, value rather than a direct
measurement, as is achieved with Coriolis
flowmeters. Calculated mass flow is less
accurate than a direct measurement because
of the inaccuracies in the variables involved
in the calculation.

Multivariable technology is not limited to
DP transmitters. Honeywell has introduced a
multivariable version of its MagneW 3000
Plus magnetic flowmeter (Fig. 1). This
flowmeter uses a process temperature mea-
surement and a density compensation calcula-
tion to calculate mass flow. And Sierra Instru-
ments has recently introduced its Innova-
Mass (Fig. 2), a multivariable vortex meter that
measures mass flow (see 1&CS, Oct. 1997, p 96).

Changes in the primary element market

In addition to introducing multivariable
flowmeters, some pressure transmitter suppli-
ers are taking a new look at the role of prima-
ry elements in the measurement of flow.
Fisher-Rosemount has shown that it's serious
about primary elements by purchasing
Dieterich Standard, a primary elements sup-
plier that sells the Annubar—an averaging
Pitot tube. Fisher-Rosemount has integrated
its Model 3095 MV transmitter with the
Annubar to create the
Mass ProBar (Fig. 3), a
system that computes
mass flow from the dif-
ferential pressure, stat-
ic pressure, and tem-
perature process val-
ues. What's unique
about the Mass ProBar
is that it's a DP flow-
meter. By integrating a
sensing element with a
transmitter in a single
unit, this system re-
sembles most other flowmeters, and simpli-
fies installation and calibration procedures.

The implications of this approach are
significant. It provides a way for pressure
transmitter suppliers to reduce the encroach-
ment of other new technology flowmeters
into DP-based flow measurement. Instead of
switching out of DP-based flow measure-
ment altogether, users can switch to a new
primary element. At the same time, they can
take the opportunity to upgrade to multi-
variable flowmeters.

Ongoing flow measurement development
Primary flow elements are important

because they place a limitation on the accu-

racy of any flowmeter using them. Today,



The need for a new geomelry of flow

One other area that may prove fruitful in prowdlng a fresh perspec‘nve
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circular geometry has the promise of bringing rchonolﬁry to ﬂow measureme

users are attaching pressure transmitters
with 0.5% accuracy or better to orifice plates
that have 3% accuracy or greater. Even if an
orifice plate has an initial accuracy of better
than 3%, this accuracy typically degrades
with use. Yet the accuracy of any flowmeter
system is no better than the accuracy of its
weakest element. As a result, highly accurate
transmitters are sending digital signals to the
controller that can be carried out to any
desired degree of precision, but that carry the
baggage of inaccurate sensing elements.
Attempts to find improved primary ele-
ments are part of a broader search for
improvements in flow sensing. The search
for the ultimate flow sensor, whether it's in
the form of a primary element or some new
type of sensor no one has yet conceived, is an
ongoing goal of flow measurement research.
Whether or not anyone succeeds in find-
ing an ultimate flow sensor, finding more
accurate sensing techniques is the next logi-
cal step in generating more accurate flow

etfry that has rcmonol values for the area of a circle. OF course, squﬂres would no_
in this geometry. But possibly square and circular areds are incommensurable,
convert from one fo the other without using irraticnal numbers. If this is fhe:c s
cuculor geometry that can prowde rational vo}ues for cwculor area L

measurements. Compames will continue to
refine the sensors on existing magnetic, vor-
tex, Coriolis, ultrasonic, and other flowme-
ters, while their R&D groups continue their
efforts to invent previously untried ways to
sense and measure flow.
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