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Selecting Flow Measurement Devices

Five flow meters to consider for chilled-water applications

By DAVID W. SPITZER
Spitzer and Boyes LLC
Chestnut Ridge, N.Y.

low meters are often raken for
granted because they are in-
stalled and "work"most of the
time. What is often meant by “work” is
that moving a valve to change the flow
rate seems to change the flow measure-
ment appropriately. Notice thart the
measure of success is of a subjective na-
ture in that flow measurement accuracy is
not even mentioned.

In some installations, it 1s remarkable
thar even this rudimentary level of success
is achieved. For instance, one such con-
trol loop “worked” for 15 years withour a
square root extractor, which caused the
measurement to be half of the actual How
rate.

As more measurements are analyzed to
better control processes, more emphasis
should be put on what is actually being
measured and the quality of the data pro-
duced. This process often exposes existing
flow measurement problems that often
are caused by having different people
specify, pipe, install, startup, and operate

How measurement instruments.

WHAT FLOW METERS MEASURE

How many times have you heard
someone say that they want to measure
the flow of a fluid, such as chilled water?
Measuring flow entails the measurement
of the quantity of fluid passing a given
point in a conduit. However, this does
not clearly define the measurement re-
quirement due to the various types of
How and the different measurement prin-
ciples used to measure flow. The follow-
ing equations express the relationships
between the types of flow.

Q = Av (volumetric flow)

W = p Q (mass flow)

where:

Q = volumetric flow rate

A = cross-sectional area of the conduit

v = average fluid velocity

W = mass flow rate

p = fuid density

Referring to the above equations, the
volumertric flow rate is the volume of
fluid that passes through the flow meter
per unit of time. Flow meters that meas-
ure fluid volume directly should be con-
sidered volumetric flow meters.

Some flow meters measure the average
Huid velocity. The volumetric Hlow rate
can then be in-
terred from the av-
erage Huid velocity
when the cross-
sectional area is
known, Uncer-
tainty associated
with the cross-sec-
tional area can de-
grade the inferred
volumertric tlow
MEasUrement.
Flow meters that
measure velocity
should be consid-
ered velocity flow
meters.

The mass flow

rate is the mass of Example of magnetic flow meter with integral

fluid that passes transmitter.
through the flow

meter per unit of time, Flow meters that
use the properties of mass to measure the
fluid mass should be considered mass
flow meters. Some flow meters (some-
times also called mass flow meters) infer a
mass flow rate from measurements using
fluid properties that are assumed to be
constant or from multiple measurements
that are used to compensate for changing
fluid properties. Uncertainty associated

with fluid properties can degrade the in-
ferred mass flow measurement.

Inferential flow meters measure a
quantity related to the velocity head (4p
v'). The volumetric flow rate can then be
inferred when the density is known. Un-
certainty associated with the fluid densiry
can degrade the inferred volumetric flow
measurement. Inferential How meters do
not measure volume, velocity or mass,
but rather a quantity related to velocity
head, from which a volumetric flow rate
can be inferred.

The above equations describe the
mathemarical re-
lationship be-
tween the volu-
metric flow, fluid
velocity, and mass
flow rate, Given a
volumetric flow
rate, fluid veloc-
ity, or mass How
race mecasure-
ment, the other
two  types of
measurement can
be calculated
when the fluid
density and/or
cross-sectional
pipe area are
known. Uncer-
rainty associated
with the Huid
density and/or cross-sectional pipe area
can degrade the calculacion. Flow meters
are sometimes calibrated in units (such as
kilograms per minute) that are different
from the type of flow that is measured by
the How meter (such as volumetric), This
may mislead an observer as to which type
of flow is truly being measured by the
flow meter.

Photo courtesy of Krohne Inc.
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TYPES OF CHILLED WATER FLOW METERS
Which type of flow measurement
would be desirable in a chilled water flow
measurement application? The following
equation can be used to calculare the

thermal load.
Qlll.l'ﬂ]'l..lF - w Ef‘ .&[1

where:

(Qitrent = thermal heat load

W = mass How rate

¢, = heat capacity of the chilled water

AT = temperature ditference berween
supply and return streams

From this equation, it can be seen that
the mass flow of chilled water 1s used ro
calculate the thermal load. However,
mass flow meters are rarely used for
chilled water because they are relatively
expensive and may not be available in the
necessary sizes. Volumetric flow meters,

such as a cold-water flow merer with a
pulse contact head, can be accurare and
inexpensive for small systems. In larger
piping, insertion flow meters may be
more economical than full-bore flow me-
ters. These flow meters infer the low in
the entire pipe from a flow measurement
at one location in the pipe. Insertion low
meters are generally less accurate than
full-bore flow meters because they are
sensitive to flow stream distortions (such
as caused by an ¢lbow). and sensor loca-
tion and are subject to hydraulic issues.

Notwithstanding the above, in most
systems, full-bore chilled water flow me-
ters are installed that measure inferen-
tially (differential pressure), or measure
fluid velocity (magnetic, turbine, ulera-
sonic and vortex shedding).

DIFFERENTIAL-PRESSURE FLOW METERS
A differential-pressure flow meter uti-
lizes the pressure drop that results from a

piping restriction to infer the flow of a g
fluid in the pipe. A differential pressure
flow meter system consists of a flow me-
ter element (such as an orifice) installed
in a pipe to produce the pressure drop,
and a differential pressure transmitter
that measures the pressure drop and gen-
erates an electrical signal. Impulse tubing
or piping connects the flow meter ele-
ment (taps) to the differential pressure
transmitter,

Most differential pressure How meter
elements generate a pressure drop that is
proportional to the square of the How rate
through the flow meter. This means that
if the flow rate is doubled, the differendal
pressure will increase four-fold, Con-
versely, if the flow rate is reduced by a fac-
tor of four, the differential pressure will be
reduced to (4)°, or % of the differential
pressure at the original flow rate.

The following example illustrates the
effect of the squared relationship on the
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Clamp-0n Utility Grade
Thermal Energy Meters

Complete with:

v Precise Mass Flow Measurement

\ Differential Temperature Measurement
«1000 Ohm, Platinum, 4-Wire RTDs
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flow measurement. In a typical applica-
tion, it would be reasonable for a flow
meter to operate between 10 and 100
percent of its full scale range. The squared
output relationship between flow and dif-
ferential pressure means that between 10
to 100 percent of the flow range, the dif-
ferential pressure will vary over a 100-to-1
range because the differential pressure at
10 percent flow is (1/10)°, or only 1 per-
cent of the differential pressure at the

pressure loss is also lower. ‘Taps for meas-
uring the differential pressure produced
are located upstream and in the throat of
the Venturi flow element.

MAGNETIC FLOW METERS

Magnetic flow meters urilize Faraday’s
Law of Electromagnetic Induction to de-
termine the velocity of a liquid flowing in
a pipe. Faraday's Law forms the basis for
electrical generation systems where wires

conductive liquid through the magnetic
field will cause a voltage signal to be gen-
erated. This signal is sensed with elec-
trodes locared on the flow tube walls.
When the coils are located externally, a
non-conductive liner is installed inside
the flow tube to electrically isolate the
clectrodes and prevent the signal from
being shorted. For similar reasons, non-
conductive materials are used to isolate

the electrodes for internal coil designs.

F‘:s ~ original flow rate. To measure flow accu-  travel through a magnetic field and pro- The Huid itself is the conductor that
L%' rately, the ﬂf::w meter must generate an  duce a voltage, will move (flow) through the magnetic
~— accurate differendial pressure from [n a typical physics class experiment to  field and generate a voltage signal at the
;il - 10 to 100 percent of full scale illustrate the phenomenon, a wire (con-  electrodes, When the fluid moves faster,

flow, and the differential pressure
transmitter mMust accurately meas-
ure from 1 to 100 percent of the

' ductor) connected across a galvanometer
can be moved through the magneric
field of a horseshoe magnet and cause

more voltage is generared. Faraday’s Law
states thart the voltage generated is pro-
portional to the movement of the flow-

| i
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~ differential pressure at full scale ,.-.::' the galvanume:er pointer to move. ing liquid. The transmitter processes the
~ flow. Because many differential =5 Moving the wire in the opposite direc-  voltage signal to determine liquid flow.
~ pressure transmitters can measure T tion will cause the pointer to The voltage signal will take the same
e ‘ . .
& between 5-10 and 100 per- move in the opposite direc-  general form as its eleccromagnetic exci-
F-: ok 1

cent of full scale dlfﬁ:rtnml Y
pressure, flow measure- /
ment accuracy could be |
significantly degraded or |
unknown ar flow rates be-

low approximately 30 per-
cent of full scale flow.

Common differential pres-
sure elements used to measure
chilled water include the orifice-plate
and Venturi flow elements. The ori- &
fice-plate flow element is a plate thar
is sandwiched between two flanges. A
hole (orifice) in the plate allows the
fluid to flow through the flow meter and
forms a restriction to flow. The hole in the
orifice plate can have different shapes, but
most are concentric and have a round
hole located in the center of the pipe.
Taps for measuring the differential pres-
sure produced are located at specific loca-
tions upstream and downstream of the
orifice plate flow element.

A Venturi How element consists of a re-
duction and subsequent increase in pipe
diameter that forms a restriction to flow,
The restriction is smoother than that of
an orifice plate low element, so the dif-
ferential pressure across this flow meter is
generally lower under the same flowing
conditions. As a result, the permanent

1

,_

tion due to the changing
voltage polarity. Moving
the wire faster will cause
more voltage to be gener-
E[Ed ﬂnd thﬂ movement
to move higher.
' ln  magnetic
flow meters, a
magnetic field
is generated
and chan-
neled into the
liquid flowing
through the
e pipe. To accom-
- plish this, the electro-
Orifice plate differential pressure flow

elements. Counesy ol Daniel Measurement and
Control

I- " ';- L

magnetic coils can be located outside of
the pipe (flow tube); however, the flow
tube must be non-magnetic to allow pen-
etration of the magnetic field into the lig-
uid. Locating the coils internal to the
flow meter (closer to the liquid) can re-
duce the electrical power necessary to de-
liver the magnetic field, as well as reduce
the size of the flow meter and fabrication
COSTS.

Following Faraday'’s Law, flow of a
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ration. When a magneric flow meter is
excited by a sinusoidal magnetic field (Ac
waveform), the signal generared ar the
electrodes is also sinusoidal. In earlier de-
signs, these signals were subject to a num-
ber of influences thar affected measure-
ment quality, including stray voltages in
the process liquid, capacitive coupling
between the signal and power circuits, ca-
pacitive coupling berween inrerconnect-
ing wiring, electrochemical voltage po-
tential between the electrode and the
process fluid, and inductive coupling of
the magnets within the flow meter, These
flow meters required a zero adjustment to
compensate for these influences and the
effect of electrade coating,

Turning the electromagnetic field on
and off (DC waveform) causes the signal
to resemble a square wave. When the
electromagnetic field is on, the signal due
to flow plus noise is measured. When the
electromagnetic field is off, the signal due
to only noise is measured. Subtracting
these measurements cancels the effects of
noise and eliminates the zero adjustment,
reducing the above mentioned drift

problems and improving performance.
Waveforms other than those described
above are also in use.
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TURBINE FLOW METERS

Turbine flow meters use the mechanical
energy of the fluid to rotate a rotor in the
flow stream. A turbine flow meter consists
of a turbine rotor with blades, shaft, and
bearings located in the flow meter body in
the pipe, and a mechanical registration de-
vice or a transmitter that generates an elec-
trical signal. The turbine rotor shaft spins
on bearings and transforms energy from
the flow stream into rotational energy. The
turbine rotor spins at a speed that is pro-
portional to the velocity of the flow
through the flow meter. This means thar if
the flow rate is doubled, the turbine rotor
will spin twice as fast.

Various types of sensing systems are
used to derect the turbine rotor speed 1o
drive the registration device or transmitter.
Rotation can be sensed mechanically via
the shaft or by detecting the movement of
the turbine rotor blades. Turbine rotor
blade movement is often detected magnet-
ically, with each blade generating a pulse.
When the fluid moves faster, proportion-
ally more pulses are generated. Optical
and radio frequency (RF) sensing systems
are also available,
Nore thar the
sensing systems
presented gener-
ally exert progres-
sively less physical
drag on the tur-

bine rotor. Sens- || '

ing systems that
exert less drag on  Transit-time ultrasonic
the turbine rotor  flow meter.

generally provide better performance at
low flow rates because of the lower drag,
An electronic transmirter can be used to
process the pulse signal to determine the
flow of the fluid.

Turbine flow meters have moving parts
that are subject to wear and damage.
Worn bearings can increase drag and
cause turbine flow meters to measure
lower than actual flow well before a cata-
strophic failure occurs. In some applica-
tions, occasional calibration and mainte-
nance may be required to ensure that
wear has not compromised turbine flow
meter accuracy.

P MM E N T

Courtesy of McCrometer

Propeller-type turbine flow meter.

Paddlewheel and propeller low meters
are also turbine flow meters. They are
generally less expensive and less accurare
than conventional turbine flow meters.
However, they can provide the perform-
ance and service life necessary in many
applications.

ULTRASONIC FLOW METERS

Ultrasonic flow meters utilize sound
waves to determine the velocity of a fluid
tlowing in a pipe. At no flow conditions,
the frequencies of an ultrasonic wave
transmitted into a pipe and its reflections
from the fluid are the same. Under flow-
ing conditions, the frequency of the re-
flected wave is different due to the
Doppler eftect. When the
Hluid moves faster, the fre-
quency shift is propor-
tional to the fluid velocity
in the pipe. The electronic
transmitter processes sig-
nals from the transmitted
wave and its reflections to

Courtasy of Controlotron

Courtesy of ABB Inc

Fnﬂex-she&dig flow meter.

determine the flow rate.

Transit-time ultrasonic flow meters
send and receive ultrasonic waves be-
tween transducers in both the upstream
and downstream directions in the pipe.
At no flow conditions, it takes the same
amount of time to travel upstream and
downstream berween the transducers.

N O T EB O O K

Under flowing conditions, the upstream
wave will travel slower and take more
time than the (faster) downstream wave.
When the fluid moves faster, the difference

between the upstream and downstream &

times increases proportionally to the fluid

velocity in the pipe. The electronic trans-
mitter processes upstream and down- =7

stream times to determine the flow rate.
Ulrrasonic transducers are either in

contact with the flow stream (werted) or 7o

clamped on the outside of the pipe (non-

wetted). Because they are in direct con- |

tact with the fluid, werted transducers

generally provide a better sonic connec- &
ton to the tluid. In contrast, a clamp-on * 3

transducer relies on its mechanical con-

nection to the exterior of the pipe anda =

sonically conductive interface berween
the pipe and the fluid. Non-uniform,
painted and corroded piping surfaces can
degrade these mechanical connections.
In some designs, a sonically conducrive
gel is applied between the transducer and
the pipe to improve the connection. Due
to dehydration, the gel may require peri-
odic replacement.

Transit time ultrasonic flow meters are
usually more accurate than Doppler ul-
trasonic How meters. Doppler ultrasonic
flow meters are usually more economical.

VORTEX SHEDDING AND FLUIDIC FLOW
METERS

Vortex shedding and other fluidic ef-
tects are oscillations that occur when flu-
ids pass by an object or obstruction, Fx-
amples of these effects in nature include
the whistling caused by wind blowing by
the branches of trees, the swirls produced
downstream of a rock in a rapidly flowing
river, and the waving of a flag in the wind.
Note that in all of these examples, when
the How is slowed, the phenomenon
ceases. That is, the whistling stops when
the wind dies down, the water flows
calmly around the rock when the river is
not flowing rapidly, and the tlag does not
wave in a mild breeze.

Fluidic How meters are a class of flow
meters that generate oscillations as a re-
sult of flow. The number of oscillations

Continyed on Page 59
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Continued from Page 55

can be related to the rate of flow passing
through the flow meter. Vortex shedding
Hlow meters are a specific type of fluidic
flow meter. Other fluidic flow meters in-
clude designs based upon the Coanda ef-
tect and vortex precession.

Vortex shedding flow meters present
the flow in a pipe with an obstruction in
the general shape of a bluff body or strut.
At low flow rates, the fluid simply goes
around the bluff body (or strut). As veloc-
ity increases, alternate vortices are formed
(shed) on each side of the bluff body (or
strut) and travel downstream. The num-
ber of vortices formed is proportional to
the velocity of the fluid, such that dou-
bling the flow will form twice as many
vortices. A variety of electronic and me-
chanical techniques can be used to sense
the vortices. The frequency of vortex for-
mation is used to generate a flow meas-
urement signal,

Bluff body vortex shedding flow meter
designs have shedder bars that have a
width of approximately 20 percent of the
inside diameter of the pipe. As a result,
the pressure drops associated with these
designs are similar. [t is advisable to use
supplier information to determine the ac-
tual pressure drop across these flow me-
ters. For estimation purposes, one rule of
thumb is thar the pressure drop from a
water flow at 5 meters per second is ap-
proximately 400 mbar differential (or ap-
proximately 15 ft per sec and 5 Ibs per sq
in., respectively). Pressure drop varies as
the square of the flow rate such that dou-
bling the flow will result in four times the
differential pressure across the flow meter.

The relatively thin strut shedder de-
signs reduce the loss of hydraulic energy
across the How meter (pressure drop). Re-
ducing the pressure drop across the flow
meter can conserve hydraulic energy in
some applications, such as when a pump
is controlled with a variable speed drive.
Note that, in many installations, in-
stalling a flow meter with a lower pressure
drop in place of a flow meter with a higher
pressure drop can cause the pressure drop
to be transferred from the flow meter to
the control valve, and result in no energy
savings, Note that providing increased
pressure drop through the control valve

can affect the quality of control.

Coanda effect fluidic flow meters con-
tain passages or other hydraulic mecha-
nisms that allow a portion of the down-
stream fluid to be fed back near the inlet
of its fluidic oscillator. By impacting the
incoming fluid, the feedback flow causes
the main flow to preferentially attach it-
self to the opposite surface of the flow
meter. This increases the opposite feed-
back flow and forces the main flow away
from that surface. This process repeats
and causes flow in the feedback passages
to oscillate in proportion to flow, such
that doubling the flow will create twice as
many oscillations. A variety of electronic
and mechanical techniques can be used
to sense the feedback flow oscillations.
The frequency of feedback flow changes
s used to generate a flow measurement
signal.

In vortex precession fluidic flow meters
(often called swirl flow meters), a static el-
ement is used to impart rotation to the in-
coming fluid and cause the fluid to form a
vortex downstream that resembles a cy-
clone. The downstream portion of the
vortex rotates around the axial centerline
of the pipe. In other words, looking
through the flow meter in the down-
stream direction, the downstream por-
tion of the vortex is rotating in a circle at
the pipe wall. A vortex breaker is installed
at the outlet of the flow meter body to sta-
bilize the vortex and to keep it from prop-
agating downstream where it can disturb
the process or other hydraulic devices,
such as control valves. The speed with
which the vortex rotares is proportional
to the flow rate, such thar doubling the
flow will cause the vortex to rotate rwice
as many times, A variety of electronic and
mechanical rechniques can be used to
sense number of vortex rotations. The
trequency of vortex rotation is used to
generate a flow measurement signal,

CONCLUSION

This article is intended to help you
narrow your choices when in the process
of selecting a flow meter for a specific ap-
plication. Next month’s article will re-
view flow meter installation, followed by
operation and maintenance in February
and commissioning in March.
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