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INTRODUCTION

The most rudimentary process control system requires a
means of measuring physical variables of the material
streams involved. The important parameters are tempera-
ture, pressure, flow, level, density and wviscosity. This
article presents the operating principles involved in
commercially available liquid flowmeters and offers
guidelines to the parameters to be considered for their
suitability for particular applications.

DIFFERENTIAL PRESSURE (DP) METERS
The most common flow measurement devices are those
in which a restriction or constriction is placed in the fluid
flow path. The flow velocity is thereby increased and
hence the kinetic energy, with a corresponding change in
the pressure difference across the restriction. The pressure
difference may be measured by a manometer, a differen-
tial pressure (DP) cell or by a pressure transducer.
Fundamental calculations are based upon derivatives of
the Bernoulli equation, but basically it can be shown that
the flow rate is proportional to the square root of the
pressure differential. The principle finds application in
orifice plates (Figure 1), venturi meters (Figure 2) and Pitot
tubes (Figure 3). (In Figures 1 and 2 Az is the differential
pressure.)
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Figure 1 — Orifice meter
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Figure 2 — Venturi meter
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Figure 3 — Pitot tube

The basic meters are of simple construction with no
moving parts, resulting in low capital and maintenance
costs. They may be fabricated in corrosion-resistant
materials and operate over a wide range of temperatures,
pressures and pipe diameters. Measuring devices do not
normally show a straight-line relationship between flow
rate and differential pressure. They have low turn-down
ratios (i.e. the ratic of change in flow rate), typically 4:1,
and all are intrusive, i.e. there is a mechanism that
‘intrudes’ into the flow path.
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In open channels or flumes a weir or dam is commonly
used to measure the volumetric flow rate, especially of
water and effluents. The weir is usually rectangular or
notched. The pressure energy of the fluid is converted
into kinetic energy and again the Bemoulli equation is
used, to determine the relationship between this flow rate
and the level of liquid above the weir.

VARIABLE AREA METERS (ROTAMETERS)

The rotameter principle is the opposite of the orifice plate
flowmeter as it consists of a fixed pressure difference with
a variable orifice area. In its simplest form it is a tapered
glass tube with its wide end uppermost. Inside the tube is
a free-floating bobbin or float (Figure 4}. Fluid flow is
vertically upwards. Fluid flowing past the float causes it to
move to a position where its weight is balanced by the
pressure differential across it. Small inclined grooves in
the rim of the float give it a rotary movement, steady it and
keep it in the centre of the tube.

Differential
pressure

Figure 4 — Rotameter

Glass tube meters are cheap but are restricted to
transparent fluids with limited temperature and pressure
ranges. For applications involving high pressures and
temperatures, opaque liquids and dangerous fluids, a
metal tube meter is employed. A float sensor mechanism
and transmitter are used to provide indication.

Variable area meters are excellent for accurate meas-
urement of low flows but are susceptible to changes in
viscosity. Reasonably accurate corrections can be made
for density changes.

VORTEX SHEDDING METERS

This class of meter relies on fluidic properties. When a
bady is placed in a turbulent stream, periodic vortices are
generated which travel several pipe diameters
downstream at the mean velocity of the stream (Figure 5).
The vortices are detected by several methods including
thermal, mechanical, ultrasonic, strain gauge and differen-
tial pressure devices. The output is in digital or square
wave forms at the shedding frequency. This frequency is
proportional to the volumetric flow rate. Meters are
available in a wide range of sizes, and a standard
turn-down ratio is 10:1. They can operate over a
temperature range of —4@ to 200°C, and are suitable for
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Figure 5 — Vortex shedding meter, in which vortices are formed
and swept downstream as the fluid passes on either side of the
delta-shaped flow element

corrosive liquids, calibration is independent of fluid
density and viscosity.

The major disadvantage is the necessity to have
turbulent flow velocities {Reynolds number >10000) and
hence an inability to measure at low flow rates. They can
be susceptible to pipe vibration, which interferes with
vortex formation and detection, and to pulsating flows.

ELECTROMAGNETIC FLOWMETERS

The electromagnetic flowmeter relies on Faraday’s law of
electromagnetic induction for its operation. If a conductor
is moved within a magnetic field an electromotive force
(e.m.f.) is induced in that conductor at right angles to the
direction of motion. The magnitude of the em.f. is
proportional to the speed of the conductor. In the
flowmeter, the magnetic field is produced by a pair of field
coils and the conductor is the flowing fluid. The resultant
e.m.f. is detected by small electrodes implanted in the
walls of the sensor tube. The signal is amplified and
converted into suitable current output {Figure 6).
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Figure 6 — Elecfromagnetic meter

There are no moving parts and the clear bore (from
3 mm to 3 m) creates no measuring pressure loss. Such
meters are suitable for corrosive liquids, viscous and
non-Newtonian fluids and slurries. Accuracy is unaffected
by changes in density, viscosity, pressure or temperature.
However, the measured liquid must be conductive. The
flow sensor must be lined with an electrically insulating
material, which restricts the maximum operating tempera-
ture to about 200°C.

TURBINE METERS

In a turbine meter a rotor mounted on a low-friction
bearing is driven by the liquid flowing in the pipe (Figure
7). The speed of rotation is detected and a pulsed output
is produced at a frequency proporticnal to volumetric



flow. The meters have tum down ratios of 10:1 to 40;1
and give good repeatability after calibration. They are not
suitable for dirty or abrasive fluids, which affect bearing
life, and they are susceptible to flow pulsations and swirl.

Specialist designs are available for high-temperature
and corrosive conditions. A meter is available that relies
on hydrodynamic suspension of the rotor rather than
mechanical bearings; this allows measurement of solid/
liquid suspensions.

Figure 7 — Turbine meter

ULTRASONIC FLOWMETERS

Several versions of the ultrasonic meter are available. The
Doppler flow sensor uses the principle of change in
frequency of sound waves as a function of motion. A
transmitting crystal sends an ultrasonic pulse into the
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Figure & — Ultrasonic meter (Doppler principle)

liquid stream. When the transmitted frequency is reflected
back from a suspended particle or bubble moving in the
stream, the apparent frequency change is proportional to
the velocity of the moving object (Figure 8).

The sensors are provided as economic clamp-on
devices that are useful for measuring slurries and dirty
liquids. Their accuracy can be impaired by acoustic
coupling changes, liquid at different temperatures, vari-
able depth of penetration and vibration.

Ultrasonic transmission sensors rely on the principle
that a sound wave travelling opposite to the direction of
liquid flow requires a longer time of travel from one point
to another than a sound wave travelling with the flow.
Different travel times are an indication of the flow velocity
{Figure 9). These meters are available for pipe sizes from
10 to 350 cm. They have a low pressure drop, are
insensitive to fouling liquids and are available in corro-
sion-resistant materials.

Figure 9 - Ultrasonic meter (transmission principle)

MASS FLOWMETERS

A recent innovation is the true mass flowmeter based on
the Coriolis principle. The flow sensor is an obstruction-
less U-tube, which is caused to vibrate by a drive coil
while the fluid flows through it. The velocity of the fluid,
combined with the angular movement of the tube, causes
the tube to twist. The angle of twist is measured and is
directly proportional to mass flow.

The meter is completely non-intrusive with no obstruc-
tion or moving parts in contact with the liquid. It is
unaffected by changes in viscosity, density, pressure,
temperature, pulsations, entrained gas or suspended
solids. On the other hand, the meters are limited to a 30
cm pipe size and are expensive and bulky.
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