
Going with the flow -
m u lti-function flow com puters

The measurement  of  f low is  one of
t he  mos t  f undamen ta l  p rocess
measuremen t  pa ramete rs  and  i s
used  f o r  a  d i ve rse  range  o f
appl icat ions -  f rom the sa le of
goods such as petrol through to the
dispensing and monitoring of sewage
sludge.  F low can be measured to
provide either a volumetric quantity
or an instantaneous f low velocity,
which is  then normal ly  t rans lated in to
flow rate.

f ' )  v e r  t h e  y e a r s ,  a  w i d e  v a r i e t y  o f
l r . r /  methods  have been deve loped to
produce a signal proport ional to f low,
each with i ts own merits, shortcomings,
complexity and accuracy. The choice of
f low measurement methods wil l  depend
on a  number  o f  c r i te r ia  inc lud ing :
. Material
.  Flow rate
. Accessibi l i ty
. Accuracy required
'  Cos t

The w ide  var ie ty  o f  f low meter ing
m e t h o d s  h a v e  r e s u l t e d  i n  a n  a l m o s t
e q u a l l y  w i d e  r a n g e  o f  a c c o m p a n y i n g
ins t rumenta t ion ,  wh ich  can present  the
user with two main problems.
1 .  Upgrad ing  o f  cur ren t  ins t rumenta t ion
can be dif f icult  or expensive, especial ly i f
e x i s t i n g  i n s t r u m e n t a t i o n  h a s  b e c o m e
obso le te  w i th in  the  use fu l  l i fe  o f  the
meter .
2. Spares holding on sites where a wide

variety of f low measurement methods are
used, can be a major headache.

To overcome these problems, a number
o f  i n s t r u m e n t  m a n u f a c t u r e r s  h a v e
d e v e l o p e d  u n i v e r s a l  i n p u t  i n s t r u m e n t s
which give the f lexibi l i ty ro be able to be
integrated with most types of f lowmeter.
These 'smart '  

indicators can display either
f low rate or total.  One of these can be
chosen by the operator to be the prime
display while the other can be viewed by
pressing a front panel key.

Many o f  these ' smar t '  
un i ts  accept  ana-

l o g u e  s i g n a l s ,  t y p i c a l l y  4 - 2 0  m A  o r
voltage. Bui l t  into many of these units is
ttre ir i l lny to enter non-l inear functions;
square root, power 312 and. power 512
and in many the user can also enter their
own l3  po in t  non- l inear  charac ter is t i c .
Other ir iputs such as al l  common types
of  pu lse  s igna ls  w i th in  the  f requency
range 0 .03  Hz to  20  KHz w i thout  loss  o f
resolut ion or accuracy (Relay, TTL, NpN,

PNP, Low Level and NAMUR), can also
be accepted .

Option cards are avai lable for relays
and re - t ransmiss ion  o f  da ta  wh ich  can
be ass igned to  e i ther  the  ra te  o r  the  to ta l . .
Many units also have an innovative non-
l i n e a r  f e a t u r e  w h e r e b y  a  c u s t o m
c h a r a c t e r i s t i c  c a n  b e  a p p l i e d  t o  t h e
incoming frequency, greatly improving
the accuracy to turbine f lowmeters over
the operating range.

A  t y p i c a l  f l o w  m e a s u r i n g  s y s t e m
cons is ts  o f  an  appropr ia te  sensor ,  s igna l
cond i t ion ing  e lec t ron ics  and a  d isp lay ,
control or alarm instrument.

Sensors usually measure f low by meas-
ur ing  f low ve loc i ty ,  wh ich  is  d i rec t l y
related to f low rate when the cross section
of  the  p ipe  is  cons tan t .

Flow measurement can be spl i t  up into
four main categories:
. Differential pressure
. Open channel f low
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.  Posit ive displacement meters

. Velocity meters

Differential pressure
This method measures the pressure drop
across some form of restr ict ion in the
f low l ine .  The re la t ionsh ip  be tween
d i f fe ren t ia l  p ressure  and f low ra te
depends on the type of restr ict ion, the
most common being square root, power
312 and, power 512 (rectangular or V).

Because f low is often proport ional to
the square root of pressure, small  zero
offsets can cause significant flow errors.
A useful feature of some 'smart '  

units is
the  ab i l i t y  to  compensate  fo r  th is  by
changing from a square root function to
a l inear function below l0 per cent f low
rates. In addit ion, any input below a
programmable level may be 'clamped' 

to
zero to prevent small offsets at zero flow
from adversely affect ing the total ised
value.

A universal 'smart '  unit  can be used
wi th  the  most  common fo rm o f
restr ict ions including:
Orlflce plate
An ori f ice plate is simply a f lat plate
installed in a pipe between two flanges,
with an accurately-sized hole bored in i t .  .
The pressure  drop  across  the  p la te  i s '

measured and is  p ropor t iona l  to  the
square root of the f low.
Venturi tube
These provide a gradual reduction in pipe
diameter fol lowed by a similar expansion.
The f low rate increases through the neck
causing a pressure difference between this
point and the inlet pressure. As with the
orif ice plate, the pressure drop is pro-
port ional to the square root of the f low.

A typical flow computer.

Pitot tubes
Here a tube is inserted into the f low at
r igh t  ang les .  Ho les  fac ing  the  f low
measure the impact pressure and this is
compared with the stat ic pressure. Again
the  d i f fe rence is  p ropor t iona l  to  the
square root of the flow. Although they

are low cost and easy to instal l ,  small
holes make them susceptible to blockage.

Open channel f low
Open channel flow refers to flow, which
has one free surface. Several types of
restr ict ion are in common usage which
cause a 'head' of f luid to back-up, the
height of which is proportional the flow
ra te .  The most  common types  o f
restr ict ion are:
Welr
This is the open channel equivalent to
the ori f ice plate and is normally either
rectangular or 45o 'V' notch. The micro-
processor incorporated into many'smart '
un i ts  has  the  requ i red  power  laws as
standard.
Flume
This is the equivalent of the venturi  and
a narrowing of the channel produces an
increased f low rate, which helps to keep
the f lume clean. The f lume produces a
smaller loss of head than the weir and
uses the 312 power conversion.

Positive displacement metets
These sp l i t  the  f low in  smal l  d isc re te
'packets'  

and count each one as i t  passes
through the f lowmeter. Each packet has
an accura te ly  de f ined vo lume and
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therefore these meters are usually very
accura te ,  mak ing  them idea l  fo r
automatic batching or dosing of clean
l iquids. The common types of this type
of meter are:
Oval gear meterc
Two closely meshing oval gears al low a
measured quanti ty of f luid to pass with
each revolut ion. A f low computer that
can accept a wide range of pulse input
types to measure shaft rotat ion and hence
compute f low rate is required for this
type of sensor.
Reciprocating piston meters
Here an osci l lat ing piston is moved as
the f luid passes through the meter and a
magnetic pick-up counts the number of
col lat ions. A f low computer that accepts
low level signals from a magnetic pick-
up and converts the count to flow rate
is required for this type of sensor.
Rotary Yane meterc
The passage of fluid through this type of
meter  fo rces  the  vanes  around,  the
number  o f  ro ta t ions  be ing  d i rec t l y
p r o p o r t i o n a l  t o  t h e  v o l u m e  p a s s i n g
through.

Many of the 'smart '  f low computers
now avai lable are compatible with most
methods of measuring shaft rotat ion and
covert this to flow.

Velocity meters
These meters use a variety of techniques
to measure the velocity of l iquids in pipes
and hence f low. These can vary from
turb ine  meters ,  wh ich  have a  tu rb ine
blade rotating in the fluid, to magnetic
or acoustic flowmeters, which are totally
non-invasive and are therefore ideal for

retrof i t  and hygienic appl icat ions.
Turbine meterc
This type of meter performs well in clean
fluids and can be very accurate (0.25 per
cent ) .

The speed of rotat ion of the turbine
is measured via a magnetic pick-up or
optical means and the result ing pulses
can be processed by the f low computer.
Mag flowmeters
These are non-invasive hence can be used
for aggressive fluids or where hygienic
ins ta l la t ions  are  requ i red .  They  are
suitable for most electrically conductive
fluids and are based on Faraday's law,
which states that as a conductor (the

fluid) is moved through a magnetic field,
the induced voltage is proport ional to
the magnetic f ield and speed (f low) at
which i t  traverses the f ield. Most Mag
flowmeters provide a 4-20 mA output
directly proportional to flow.
Vortex shedding flowmeters
This_  method invo lves  the  ar t i f i c ia l
c rea t ion  o f  vor t i ces  in  the  f lu id  by
inserting a small strut across the flow.
The rate of shedding of these cort ices is
proport ional to the f low and is measured
by a sensor. Most types provide a pre-
cal ibrated 4-20 mA output proport ional
to flow.
Doppler flowmeters
In  Dopp ler  f lowmeters ,  an  u l t rason ic
transducer excites the fluid with waves
of a known frequency and then measures
the reflected waves. Because the fluid is
moving, the returned frequency is altered
and the degree of this frequency change
is  p ropor t iona l  to  f low.  Dopp ler

f lowmeters  have bu i l t - in  e lec t ron ic
condit ioning and most provide a 4-20
mA output proport ional to f low.
Time of fliglht meters
These use an ultrasonic generator and a
down-stream receiver. The time taken for
the pulse to reach the receiver is propor-
t iona l  to  the  speed o f  f low and most
meters provide a 4-20 mA output, which
can be processed by the microprocessor.
Distort ion and scatter of the ultrasonic
signal can be a problem however.

Gonclusion
Smart f low computers offer a compre-
hensive solut ion for processing signals
from f low measurement equipment and
can readi ly be integrated into exist ing
instal lat ions. Many units now avai lable
provide excellent user flexibility and are
easy to install and set up. Key features
ensure optimum performance and long-
term rel iabi l i ty.
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