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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

Clauses 3 to 7 cover the definitions, symbols and basic theory of electromagnetic flowmeters. This
document does not cover insertion type meters, partially filled meters or meters for non-conductive
and highly conductive fluids.

Clause 8 covers installation types and practice, the different types of meter construction, transmitters, lay
lengths and sizing, in order to achieve the best performance of the electromagnetic flowmeter in the field.

Clauses 9 to 11 cover some methods of calibration, verification, evaluation, and uncertainty analysis,
which can be useful for users or independent testing establishments to verify manufacturer’s relative

performance and to demonstrate suitability of application

The tests specified in this document are not necessarily sufficient for instruments specifically designed
for unusually difficult duties. Conversely, a restricted series of tests may be suitable for |nstruments
designed to perform within a limited range of conditions.

This|document is for users and manufacturers.

© IS0 2017 - All rights reserved v
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Measurement of fluid flow in closed conduits —
Guidance for the use of electromagnetic flowmeters for
conductive liquids

1 Scope

This|[document applies to industrial electromagnetic flowmeters used for the measuremeént of flowrate
of a|conductive liquid in a closed conduit running full. It covers flowmeter types“utilizing both
alterpnating current (AC) and pulsed direct current (DC) circuits to drive the field coils|and meters
runnfing from a mains power supply and those operating from batteries or othersseuirces of|power.

This|document is not applicable to insertion-type flowmeters or electromagnetic flowmeté¢rs designed
to wprk in open channels or pipes running partially full, nor does it apply to the meapurement of
maginetically permeable slurries or liquid metal applications.

This|document does not specify safety requirements in relation totazardous environmerjtal usage of
the flowmeter.
2 Normative references

Therk are no normative references in this document:

3 Terms and definitions
For the purposes of this document, the follewing terms and definitions apply.
ISO gnd IEC maintain terminological'ddtabases for use in standardization at the following dddresses:

— IEC Electropedia: available-at-http://www.electropedia.org/

— ISO Online browsing platform: available at http://www.iso.org/obp

3.1
electromagnetic flowmeter
flowmeter which'créates a magnetic field perpendicular to the direction of flow, so gnabling the
flowrate to be deduced from the induced voltage, Uy, produced by the motion of a conducting fluid
throyigh the magnetic field

Note [l to'entry: The electromagnetic flowmeter consists of a sensor (3.2) and a transmitter (3.3).

3.2
sensor
device containing at least the following elements:

— an electrically insulating meter tube through which the conductive fluid to be measured flows;
— one pair of electrodes across which the signal generated in the fluid is measured;
— an electromagnet for producing a magnetic field in the meter tube (3.4)

Note 1 to entry: The sensor produces a signal proportional to the flowrate and, in some cases, a reference signal
(3.9).See 6.2.

Note 2 to entry: For a sensor, the wording primary device or flowtube has previously been used.

© IS0 2017 - All rights reserved 1
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Note 3 to entry: In some cases, further electrodes are used such as grounding electrodes, full pipe detection
electrodes (empty pipe detection) (see 3.5).

3.3

transmitter
equipment which contains the circuitry which drives the field coils and extracts the flow signal

Note 1 to entry: This equipment may be mounted directly onto the sensor (3.2) or remotely, connected to the
sensor by a cable.

Note 2 to entry: For a transmitter, the wording secondary device, converter or electronic unit has previously

been used.

3.4

meter tube
pipe section
electrically

3.5
measuring
one or morg
detected

3.6
lower rang
lowest valug

3.7
upper rang

of the sensor (3.2) through which the liquid flows, at least part of whose inner’surfg
nsulating

electrodes
pairs of electrical contacts or capacitor plates by means of which/the induced volt3

b value
of the measured variable that a device is set to measure

e value

highest value of the measured variable that a device is.setto measure

3.8
span
difference b

3.9
reference s

etween the upper and lower range.yadues (3.6)

ignal

signal whicly is proportional to the magnetic flux created in the sensor (3.2) and which is compar

the transmit

3.10
output sign
signal from

3.11
Reynolds n
dimensionld

ter (3.3) with the flow~signal

al
the transmitter(3.3) which is a function of the flowrate

pmber
ss-parameter expressing the ratio between the inertial and the viscous forces

ce is

ge is

ed in

Note 1 to entry: For closed pipe flow through an electromagnetic flowmeter (3.1), Reynolds number should be
based on the nominal diameter of the meter and corresponding mean velocity through a section of that size.

3.12
accuracy

closeness of the agreement between the result of a measurement and the (conventional) true value of
the measurement

Note 1 to entry: The quantitative expression of accuracy should be in terms of uncertainty (see Annex E).

Note 2 to entry: The use of the term precision for accuracy should be avoided.
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3.13

uncertainty
<of measurement> range within which the true value of the measured quantity can be expected to lie
with a specified value and confidence level

Note

1 to entry: See Clause 11.

3.14
calibration factor
number, determined by liquid calibration, that enables the output signal (3.10) to be related to the

volu

3.15

metric flowrate

calibration
operftion that, under specified conditions, in a first step, establishes a relation between {

valu

¢s with measurement uncertainties provided by measurement standardsCand co

indidations with associated measurement uncertainties and, in a second step, Uses this inf
establish a relation for obtaining a measurement result from an indication

3.16

veri

fication

<in-gitu electronic verification> means of verifying that an electromagnetic flowmeter (3.1)

corr

3.17

¢ctly, normally with a poorer uncertainty than under controlled laboratory conditions

calibration validation
number of runs (one or more) at flowrates between zero and the upper range value (3.7]
verify that the flowmeter does perform in the expected way and within the manufacturer's §

3.18

measuring window
peridd of time during which the voltage representing the flow velocity is measured

3.19

idea] flow conditions
condiitions that exist when a pipe:is infinitely long and straight with no internal disturbanc

Note

1 to entry: For electromagnetic flowmeters (3.1), it may, in addition, also be assumed that the m

has a|viscosity and density similar to water. Under these conditions, the flow is axisymmetric ang

deve

loped and turbulentatflowrates and pipe sizes most often found in industry.

he quantity
'responding
ormation to

is operating

in order to
pecification

esS

btering liquid
will be fully

4 S$ymbols
Symbol Quantity Units (SI)
B magnetic field strength Tesla (T)
B mean magnetic field strength Tesla (T)
d inside diameter of meter tube metres (m)2a
P electric field strength volt per metre (V/m)
U electrochemical voltage volt (V)
Ut transformer voltage volt (V)
Uy velocity related voltage volt (V)
Florentz Lorentz force newton (N)
kq constant dimensionless (—)
ky constant dimensionless (—)
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Symbol Quantity Units (SI)
Le distance between measuring electrodes metres (m)
qv volumetric flowrate of the liquid cubic meters per second (m3/s)
v mean axial liquid velocity metres per second (m/s)
\V/ Nabla or Del operator dimensionless (—)
a See Annex D for a conversion table of nominal diameters from metric to US units.

5 Theor

and basic formulae

When a con|
with Faradd
expression §

FLorentZ
E=-vx
V(Uv ) B

Spatial integ

U, =k

The volume

Which, com

_ md1
LTSy

Or Formula

Formula (5

ductive liquid moves through a magnetic field, voltage(s), U,, are generated in aceordance
y’s law (see Formula 2). The strength of the induced voltages is given by the, 'simplified

hown in Formula (1):

=q(§+\7><é)=0 (1)
B=V(UV);
—VxB

fration of Formula (1) results in Formula (2):

L.V (2)
flowrate in the case of a circular pipe is,given in Formula (3):

v (3)
bined with Formula (2), gives*Formula (4):

—[UT] @
.| B

(5)

may be interpreted in various ways to produce a calibration factor which in practice is

usually detd

rmined hy wet calibration as descrihedin 91

6 Construction and principle of operation

6.1 General

As indicated schematically in Figure 1, the magnetic field is so placed with respect to a lined meter

tube that th
In accordan

e path of the conductive liquid, flowing in the meter tube, is normal to the magnetic field.
ce with Faraday’s law, motion of the liquid through the magnetic field induces a voltage,

Uy, in the liquid in a path mutually normal both to the field and the direction of liquid motion. By
placing electrodes which contact the liquid in insulated mountings or by using insulated electrodes
with capacitance-type coupling in the meter tube in a diametrical plane normal to the magnetic field, a
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voltage proportional to the flow velocity is produced which can be processed by a transmitter. Meters
based on this principle are capable of measuring flow in either direction through the meter tube.

1

Key

1  (qoil system

2 lined meter tube

3 easuring electrodes
B agnetic flux density

Le distance between measuring electrodes
Uy flow signal (velocity related voltage)
v ean axial liquid velocity

Figure 12~ Principle of Faraday's law

The [electromagnetic flowmeter-consists of a sensor through which the process liquig flows and
a transmitter which converts'\the flow signal generated by the sensor into a standardizgd signal for
suitable acceptance by industrial instrumentation (see, for example, IEC 60381-1 and IEC 60381-2).

The |system produces“an output signal proportional to volume flowrate (or average velocity). Its

applllclation is generally limited only by the requirement that the metered liquid shall be electrically
condpuctive.

The sensor and/transmitter can be separate, linked by one or more electrical cables, or intggrated with
the transmitter directly joined to the sensor.

6 2 Cancor
. DCIISOT

Figure 2 shows an exploded drawing of an industrial version of a sensor with an integrated transmitter.
The principal components of the sensor are as follows.

a) The meter tube is the pipe section of the sensor through which the liquid flows. For a meter
with field coils mounted outside the meter tube, this would be constructed from a non-magnetic
material. On a design where the field coils are inside the meter tube, it may be made of a magnetic
material.

b) An insulating liner which electrically insulates the measuring electrodes from the meter tube
preventing the induced Uy, from short circuiting through the meter tube. The liner may be concentric
with the pipe or be profiled to provide a specific cross-section at the plane of the measuring
electrodes; if the meter tube is non-conductive, then a liner is not mandatory.

© IS0 2017 - All rights reserved 5
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c) The field coils produce the magnetic field. The most common configuration is to have two field coils
mounted diametrically opposite to each other, though single field coil designs are available. Field
coils may be mounted on the outside of the meter tube or within the meter tube isolated from the
fluid. The field coils can be either:

— excited by sinusoidal alternating current (AC), as described in 6.3.4, or

— excited by direct current. In this case, it is usual to use a pulsed direct current (DC) as described
further in 6.3.3;

d) The measuring electrodes which detect the induced U,. These normally comprise two metallic

contact

direct cpntact with the fluid. In some designs for harsh applications, capacitive electrodes’m

used w

The sensor
measured U
with the flu

The materis
measured (9

The sensor
with flange
electrically
conductive 4

ich are not in direct contact with the fluid.

may also contain a reference or ground electrode to provide a referencelwalue fo
» and/or an empty pipe detection electrode which triggers an alarm whéen-hot in co
d.

\Is for the lining and for the electrodes shall be selected depending on the liquid {
ee Annex A).

is usually connected to the piping by means of flangesjchowever, measuring de
ess versions and other process connections are also available. The process fluid sh4
connected to the body of the flowmeter by means of a.grounding electrode or electr
ind unlined adjacent pipework or grounding (potentiabequalizing) rings; see 8.1.3.

vices
11 be
cally

Key

oo U1 A W N R

sensor

field coils

coil housing

lined meter tube
measuring electrodes
power supply
transmitter

Figure 2 — Elements of an industrial electromagnetic flowmeter

NOTE The sensor can have a non-circular cross-section.
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6.3 Transmitter

6.3.1 General

The transmitter carries out the following functions:

a)
b)

f)

g)

Instrijuments may include additional circuitry to perform self-verification.

The fransmitter may be mounted directly onto the sensor orremotely, connected to the sens

6.3.21 Alternating magnetic field in the measuring system

provides the current to drive the field coils;

amplifies and processes the measuring electrode signal in order to derive a signal proportional to

the flowrate;

provides means of compensating for supply voltage and frequency variations where'ne

provides the various outputs specified by the user or incorporated in the meter; These
3 visual display and/or electronic outputs of the flowrate, alarm functions;’totalised
dliagnostics;

cessary;

may include
values and

provides an interface for the user to configure the meter using buttons; touchpad or copnections to

4 PC or other device;

may provide an interface to a network.

r by a cable.

Elecfromagnetic flowmeters use an alternating-magnetic field to avoid any voltages which mpay interfere

with|the measurement of flow.

In addition to the flow related voltage; ¥, described in Clause 5, two other source voltz
electromagnetic flowmeters. These ‘are the electrochemical voltage, U, and the voltagd
chanjges in the magnetic field, the\transformer voltage, U;. Both of these voltages may have
larggr magnitude than U,,.

Further details may be found in Annex B.

6.3.3 Measuringsystem with applied pulsed DC excitation (simplified model)

In mleasuring systems with applied pulsed DC excitation, the magnetic field polarity if

ges exist in
created by
a similar or

alternately

reversed. Dutihg each magnetic field polarity cycle, the electrode voltage is measur¢d once the

magnetic field is considered to be constant. This period is called the measuring window (s
Thisjmeasured voltage is a sum of both U; and U,.

be Figure 3).

The difference between minimum and maximum value of the measured voltage, Uy, 15 proportional to
the flow velocity in the meter tube (see Figure 3).
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U,
0
1
U_J
Key
m
6.3.4 Mes

In AC excita
coils or is su
in strength

(see Figure 1
sine wave, [

easuring window

Figure 3 — Principle of pulsed DC system (simplified model)

suring system with applied AC excitation (simplified model)

Fion, line voltage (typically 115 V018230 V at 50 Hz or 60 Hz) is applied directly to the
pplied by the transmitter. This voltage generates a magnetic field in the sensor that v
with the amplitude of the applied voltage. The variation follows the pattern of a sine
). This means that the flowssignal, U,, will also be a sine wave. The peak to peak value ¢
» Will be proportional to the flow velocity.

field
aries
vave
fthe
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v+

Key \\

- measuring window @S\\)

Figure 4 — Principle of AC W@tion systems (simplified model)

xO
6.4 | Flowmeter/Transmitter out{\@fs~

The $ystem output can be one or mong)of the following:

a) 4nalogue direct currenti ordance with IEC 60381-1;

b) 4nalogue direct Volta®(1;’1)accordance with [EC 60381-2;

c¢) afrequency data&ut in the form of scaled or un-scaled pulses;

d) alarm outpu@},

e) digital communication buses);

f) ir gg;

g) dispiay:

NOTE Electromagnetic flowmeters are available as 2-wire and 4-wire systems.

7 Equipment marking
7.1 Recommended data

7.1.1 Sensor
The following data should be displayed either on the sensor or on a name plate:

a) instrument manufacturer;

© IS0 2017 - All rights reserved 9
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serial number;

nominal diameter;

maximum process temperature;
rated ambient temperature range;
maximum process pressure;

instrument classification (e.g. degree of protection, hazardous area classification);

h) modelr

NOTE 1
range.

R:

NOTE 2
regulations (

7.1.2 Tra
The followiy
a) instrun
b) serialn
c) voltage,
d) instrunj
e)

f)

NOTE

regulations (i

8 Install

rated aJ'l
model number.

Adlditional labelling requirements:can be required for specific applications or to meet nat

1
UuIlpct.

ited ambient temperature range can be omitted if it is the same as the rated process temper

Adlditional labelling requirements can be required for specific applications orf{te’ meet naf

b.g. Ex approvals).

hsmitter

1g data should be displayed on a name plate:

ent manufacturer;

imber;

frequency, and power requirements;

ent classification (e.g. degree of protection, hazardous area classification);

bient temperature range;

b.g. Ex approvals).

ation design and practice

8.1 Sensor

8.1.1 Sizi

Usually, the
care should

ng

sensor process connection size will be the same as that of the adjacent pipework. How
betaken if the optimum performance is desired. Points to be considered are, for exam

pture

ional

ional

ever,
ple:

minimu

pressur

pipe size;
pipe connection;

flowrates;

m and maximum flow to be measured;

e loss.

The manufacturer's specifications, such as minimum span, velocity, abrasive fluid, low flow conditions
etc., should be followed. Typically, the measurement uncertainty of electromagnetic flowmeter will
be lowest above 1 m/s and below 1 m/s, the uncertainty will tend to increase. Although there is no

10
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theoretical maximum flowrate for an electromagnetic flowmeter, in practice, meters are sized such
that the maximum velocity does not exceed 10 m/s under normal operational conditions.

NOTE

cana

ffect the flowmeter performance and pressure loss.

8.1.2 Mounting conditions

8.1.2.1 General

If flowmeter size is different from that of the adjacent pipework, then the effect of this discontinuity

Provided the pipe remains full at all times, there is no theoretical restriction on the orientation in which

the o
the f
prac

8.1.2

Calib
Inst4
placi
Diffe
such

8.1.2

Inal
colle
in th

8.1.2
If it

throt
auto

8.1.2

8.1.2

Whe
elect
shou

On s

ensor should be mounted. Where possible, if installing in a pipeline running vertig
ow direction is upwards through the sensor to eliminate the possibility of annualflg
ice, the following conditions should be observed.

.2 Effects of non-ideal flow conditions

ration laboratories strive to have flow conditions that are as close "to ideal flow
lling a flowmeter in conditions that are significantly different frommideal flow conditi
ng the flowmeter closely downstream of an elbow or valve, may result in reduced p
rences in the flowmeter design may have an effect on how,much the performance ig
non-ideal flow conditions.

.3 Electrode position

norizontal pipe, since any gas bubbles will rise and-collect at the top of the pipe, or s¢
ct at the bottom of the pipe, the sensor should\b& mounted so that neither measuring
Pse positions.

.4 Zero-checking provision

s necessary to check the flowmeter zero in situ, then valves should be provided to s
igh the device, leaving it filled with stationary liquid. When the flowmeter is equip
matically adjusting zero, thisprovision may not be necessary.

.5 Multiphase flow-through the sensor

.5.1 Entrained-solids

rode mateyial (see Annex A). Where there is a possibility that material may settle in
|d be mouinted vertically or provision should be made to flush it through.

boo] piece devices, a ring to protect the leading edge of the electromagnetic flowms

ally, ensure
'w errors. In

conditions.
ons, such as
erformance.
affected by

diment may
electrode is

top the flow
ped with an

h solids are-entrained in the liquid, care should be taken in the selection of the lining material and

he sensor, it

ter lining is

] ] oy : 111 1 : 1 4 4 1 1 £
SOMmMeEtTImes used. IS T IIg SII4dIT UT UCSIZICU LU TIISUTT SU CAHITITICU TTUW.

8.1.2.5.2 Entrained gases

Entrained gases cause measurement inaccuracies in direct relation to the volume percentage of gas
to liquid. An electromagnetic flowmeter measures velocity and computes the total volume flow by
multiplying the velocity by the cross sectional area. Precautions should be taken to reduce this effect by
increasing the liquid pressure, e.g. by locating the sensor on the high-pressure side of a restrictor such
as a control valve, or by eliminating the entrained gas.

NOTE High amounts of entrained gas can lead to a noisy measurement signal, or complete loss of the signal.

An automatic gas/air relief valve may be mounted at an appropriate distance before the sensor.

© IS0 2017 - All rights reserved 11
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8.1.2.6 Buried sensors

Where itisnecessary to install sensors in underground pipework, they should be installed in appropriate
chambers. However, where it is necessary to backfill over the sensor, advice should be sought from the
manufacturer and appropriate steps taken to protect the sensor from corrosive ground conditions, soil
loading, and impact from excavators. For an installation below heavily stressed surfaces, e.g. streets, a
metal plate may need to be installed above the sensor. Connecting cables to the transmitter should be
run in a continuous length without joints which could be penetrated by groundwater.

8.1.2.7 Submerged sensors

Sensors insfalled in a Tocation where they may be flooded or submerged should be rated t¢ the
appropriate|depth as expected in the application.

8.1.2.8 A¢cess for maintenance and cleaning

Sensors insfalled in pipelines containing wastewater and some process waters with grease, fat or
entrained s:rlids should be installed in such a way as to allow the bore to be cleaned. This may in¢lude
rodding points or tappings through which inspection and maintenance togls-can be inserted| See

Figure 5.

=mp
o
7Lz

o
22

Figure 5 — Design of typical installation diagram

8.1.3 Potential equalization — General requirements

In general, the flowmeter'requires a connection to the metered liquid. This connection starts with one
of three thipgs contacting the liquid, a metallic pipe, a grounding ring(s) (potential equalizing fing),
or a groundfing electrode (see Figures 6 and 7). Usually, one of those is connected to the sensor body,
which is thgn-connected to the correct terminal in the transmitter. In some cases, this connectipn to
the transmitter'is not made via the sensor body. In the case of a cathodically protected pipeline, special
precautions shall be taken (see Annex C).

Some transmitters are constructed such that a connection to the metered liquid is not required. The
manufacturer's installation guidance should be followed.

NOTE The dotted connection in Figure 7 indicates that with non-metallic adjacent piping the dotted
connection can be omitted.
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Key
1 i[otential equalizing ring
2 on-coated metallic pipe work

Figure 6 — Installation in non-coated metallic pipe-work

Key
1 ¢qualizing ring
2 non-metallic or internally coated pipe work

Figure 7 — Installation in non-metallic or internally coated pipe work

8.1.4 Electrical connéctions

The manufacturer’s instructions shall be carefully followed for connections between the sensor and the
trangmitter. Instidctions in relation to electrical grounding of the flowmeter system shall e followed.

8.1.5 Sensor mounting

8.1.5.1- Full pipe requirements

The sensor shall be mounted in such a position that it will be completely filled with the liquid being
metered; otherwise, the measurement will not be within the manufacturer’s stated accuracy. Some
sensors include an additional electrode to detect when the meter is not running full and trigger an
alarm. Such systems are intended for horizontal pipe runs and the sensor would be installed with the
extra electrode in line with the crown of the pipe. Partially-filled sensor meters are used, for example,
in sewage applications, but these merit special consideration outside the scope of this document.

8.1.5.2 Mechanical connections

There are different varieties of fittings including flanges, wafer, hygienic couplings, clamps, threads and
welded connections. It is essential that the sensor is correctly aligned on the pipe axis.
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For flange co

nnections:

— bolts should be tightened evenly and in moderation in order to avoid damage to the lining; the
manufacturer should state the maximum permissible torque;

— the manufacturer shall provide a reasonable clearance between the rear face of the flange and the
meter housing for installation and removal.

Care should be taken when handling the sensor; slings around the sensor or lifting lugs should be used.
Lifting by any means that could damage the liner, for example, hooks in the bore, shall not be used.
Under no circumstances shall the sensor be lifted using the cable which connects it to the transmitter.

Where gaskets are fitted between the meter and the pipe connection, care should be taken t
that they are concentric with the pipe bore and do not intrude into the flow.

8.1.5.3 Pipeline stress

Every effort

should be made to minimize piping loads and resulting strains at t

flanges, particularly in plastic meters which are not intended to sustain plplng lo

should be cjecked with the manufacturer.

8.1.5.4 Pipe size reduction

To minimiz¢ pressure loss in cases where a sensor with a smalle

<<

;\\

mlnal bore than the conne

QHSOF conne

Q
6’.1/

ermissible v

(y’gr sure

cting
hlues

cting

pipe is instdlled, it is advisable to connect the sensor into the % ork by means of shallow tagered
i

be used when the pipeline is horizontal to prevent air po
valves may pe fitted upstream of the upstream taper. I
sections shdll be the same size as the flowmeter. The pl? eductlon may affect the performance ¢
flowmeter gnd eccentric reducers will have a larger'e\f

‘c\}“

cone pieces|(recommended maximum included angle is 16%@

8.1.2.1).

max 8°

For each m¢teP size designation, there is a corresponding fixed overall length, L (for definition

S
Rigure 8 — @ow taper entry and exit reducers to minimize pressure loss

8.1.6 lnstallat@ dimensions for flanged connections

ct on accuracy than concentric reducers

Figure 8). Eccentric taper pipes may
from forming; alternatively, air
cases, the inlet and outlet straight

relief
pipe
f the
(see

, See

Figure 9), and tolerance both as specified in Table 1.

The length, L, includes the liner if it covers the flange face but excludes accessories such as gaskets,

grounding and protection rings.

NOTE

14

Other standards include alternative recommended lengths for meters.
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X\
I "1 v
L b?D%
Figure 9 — Definition of overall length, L, and overall length iﬁl%nction of size
N
Table 1 — Dimensions for flanged conéctions
/l
Dimensions in SI unit,s\O‘
Nominal snze_of flange Nominal leng Tolerance of length
connections
L (mm) ‘\ (mm)
DN o
E 205
20 . 5200
25 <\ 200
32 T 200
40 R 200
50 O 200 L0
65 <\ 200 -3
80-\ " 200
0~ 250
15 250
- 150 300
A
R 200 350
\{ 250 450
% 300 500
s Y
S 350 550 -5
200 600
For DN 450 to DN 2 000, recommended length of 1 to 1,3 x DN should be applied.
Tolerance on length of meters greater than DN 400 should be agreed between the user
and manufacturer.
For dimensions smaller than DN 15, there are no preferred installation lengths.

8.2 Transmitter location

Transmitters should be installed in an accessible position free from excessive vibration, due regard
being given to the manufacturer’s specifications for ambient temperature and humidity. In particular,
a suitable sunshade or canopy shall be installed over the transmitter to avoid direct solar irradiation.

The cables carrying the electrode and reference signals between the transmitter and the sensor should
be of the type specified by the manufacturer. These cables should be as short as possible and not exceed
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the limit imposed by the manufacturer. Care should be taken to ensure that signal cables are not routed
in proximity to cables carrying high electrical currents. Good earthing practice should be observed

with particular attention being paid to the prevention of “earth loops”.

8.3 Operational considerations

8.3.1 General

Wherever possible, the user should comply with the manufacturer’s recommendations for installation
in order to minimize the effects of different operating conditions. Many conditions, such as vibration,

amblent Lenppetabtreprocess—temperabire—~ohdsorontesinthe process Haudthose Boted e
to 8.3.4, and others can affect the flow measurement and may increase the overall measurement
uncertainty

8.3.2 Effect of the liquid conductivity

Minimum operational conductivity requirements shall be specified by the manufacturer.

If the condugtivity is not uniform throughout the fluid in the meter, it may have’an effect on flowrmeter
performancg.

8.3.3 Reypnolds number effect

If the Reyndlds number (Re) is higher than 10,000, the effect of Re\is usually so small that, for pragtical
purposes, itican be ignored. At lower Res, the accuracy of flow measurement may be reduced.

8.3.4 Velocity profile effect

Distortions [in velocity profiles may be caused by pipe fittings (bends, valves, reducers, etc.) placed
upstream orf downstream from the flowmeter; the resulting velocity profiles may have an influenfe on
the performjance of the meter.

9 Flownjeter calibration, validation, and verification

9.1 Flowmeter calibration

Calibration [of an electromagnetic flowmeter usually consists of passing liquid (normally wjater)
through the|flowmeter in4 ¢alibration facility at the time of manufacture. The flowmeter is compgared
with a reference at two<or more flowrates, and then the calibration factor is adjusted to meeft the
manufacturgr's specification. At this point, the calibration is complete.

After the cqlibratien is completed, the flowmeter is often operated again to validate that the meter
meets the p >rf0rmance requlrements The data from thlS callbratlon valldatlon step is usually included
in a report vraties at

which they are performed are usually defmed by the manufacturer but may be spec1f1ed by the user.

NOTE

The method of computing the flowmeter sensor signal based on electromagnetic field strength

measurements and on physical dimensions, commonly referred to as “dry calibration,” is beyond the scope of this

document.

9.2 Flowmeter verification (in-situ electronic verification)

Electronic verification systems perform a number of electronic measurements on the sensor,
transmitter and the interconnections between sensor and transmitter to check that certain parameters

are within a

16

cceptable tolerances.
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Ideally, a record of these parameters will be made during the initial manufacturer calibration. This
enables direct comparison of site values against the original values at calibration. If an initial record is
not taken, then a less accurate site verification can be undertaken against average values for flowmeters
of the same manufacturer, size, and type.

For some flowmeters, manufacturers provide a separate unit for this which connects to the flowmeter

unde

r test; for others, the functionality is built into the flowmeter transmitter.

Note that electronic verification can be used to verify the operation and integrity of the flowmeter
but will not be able to detect all measurement errors due to external influences (for example, flow
disturbances) or too low conductivity.

10 Evaluation of flowmeter performance

10.

Ther]
flow

Inter

and liquid conductivity, flow rate, flow regime and liquid type.

Exte
varig
the e
from
shall

10.2

Flow]
certg
fluid

11 1

Unce
to lig

confldence interyah.This is distinct from the manufacturer's accuracy specification (se

whid]

The
ISO §

General

e are two types of influence quantities to be considered, those affecting the liquid
meter sensor and those arising externally.

nal effects include changes in, for example, the liquid temperature, the flow velocity
'nal influence quantities include variations in temperatture’or humidity, barometric p
tions in supply current, voltage or frequency, and electtomagnetic fields. Unless other
ffect of each of these quantities shall be assessed by determining the deviation of the 1

those obtained under reference conditions. The~0ther conditions of use not under i
remain constant at the reference value duringthe tests.

Applications within the scope of other standards

meters used for specific applications may be within the scope of other standards w|

5 other than water that are subject to legal metrology controls, and heat metering, resj

Jncertainty analysis

rtainty analysis is‘uSed to estimate a range of values within which the true flow rate
for a specific.installed application. It is intended to include all relevant effects an

h applies only to one set of reference conditions, and usually does not include a confide

Calculation of the uncertainty in the measurement of flowrate can be carried out as
168, For electromagnetic flowmeter, the relevant conditions may include:

within the

distribution

ressure and
wise stated,
heter output
hvestigation

hich specify

in methods of evaluation. ISO 4064, OIML R49, OIML R117, and OIML R75 cover dripking water,

bectively.

is expected
d includes a
e Annex E),
hce interval.

specified in

a)

- 4 J-
HMTDITTIU COIMUITIUILS.

temperature;

— humidity;

— external magnetic fields;

b) process conditions:

— fluid temperature;

— conductivity;
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— entrained gases/solids;

— flow regime for multiphase fluids;
— expected flowrate range;

— viscosity or Reynolds number;
installation:

— flow direction;

— origmtation (vcx tieatTror iLuufal),

— alignment with up /downstream pipework;

— non-concentric gaskets;

— upstream flow disturbance;

— downstream flow disturbance if very close to meter;

— pipeline vibration.
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Annex A
(informative)

Materials for construction of sensors

General

Itis
that

agen
decif

It is

recoj
decr

A2

Tabld
as a

rery important to choose construction materials suitable for the liquid to be metered.\I
hccount is taken of any other chemicals liable to pass through the meter tubessuch 4
s, cleaners and solvents. As the user knows the properties of the liquid to be metered,
ion on the materials to be used should rest with them.

also important that the lining material is not subjected to temperatures outsid
mmended by the manufacturer. The maximum permissible pressure of the sensor
based as the temperature of the process fluid is increased.

Meter tube linings

A.1 provides examples of types of lining materials<that are available. Table A.1
general guidance and not for material selection for specific applications. Ma

[ is essential
s sterilizing
the ultimate

e the range
is normally

is intended
nufacturer's

recommendations and previous user experience should be used to select a material [for specific
applications. National regulations may also have to\be taken into account in the selection |of electrode
materials.
Table A.1 — Selection of meter, tube lining materials and grades for suitability
Abrasion High tem- Chemical | Hygienic | Drinking Vacjium
. perature - . resjst-
resistance o resistance design water
(>100°C) angce
Elastomersa
Hard rubber (ebonite) B D B D B B
Abrakion-resistantrubbers$ A D B D D
(natyiral, soft)
Neoprene/Chloroprene(CR) B D B D D EI%
Polyprethane (RU) A D D D B B
Plastics
Polytetrafluoroethylene
(PTRE) C A A B A i
Perfluoroalkoxy-
Ploymere (PFA) ¢ A A A A B
A = Suitable
B = Usually suitable
C = Limited suitability
D = Not suitable
n.a. = No data available
a  All rubber-based materials are attacked by high concentrations of free halogens, aromatics and halogenated
hydrocarbons and high concentration of oxidizing chemicals.

© IS0 2017 - All rights reserved

19


https://standardsiso.com/api/?name=f34c206a102e4a55342549cdc2f53be3

ISO 20456

:2017(E)

Table A.1 (continued)
Abrasion High tem- Chemical | Hygienic | Drinking Vacqum
. perature . . resist-
resistance o resistance design water
(>100 °C) ance
Ethylen-
Tetrafluoroethylene C B A B n.a B
(ETFE)
Polyamide (PA) C D B D A A
Chlorinated polyether n.a C A n.a n.a n.a
Glass-reinforced
plastics (GRI) n.a D n.a n.a A A
Ceramics A B A B C A
A = Suitable
B = Usually suitable
C = Limited syitability
D = Not suitalle
n.a. = No datajavailable
a  All rubbgr-based materials are attacked by high concentrations of free-halogens, aromatics and halogepated
hydrocarbong and high concentration of oxidizing chemicals.

A.3 Examples of electrode materials

A.3.1 Gen

Manufactur
specific app

A.3.2 For

Stainless st{

A.3.3 For

eral

br's recommendations and previous userexperience should be used to select a materi
ications.

non-corrosive liquids

el is generally used.

corrosive liquids

The following may be suitablé, depending on the chemical properties of the liquid to be metered

materials aj

however, th
stainles

some ni

'e ranked fremvgenerally least corrosion resistant to generally most corrosion resig
bre are excéptions:

s steelt

h1 for

The
tant,

erl—based alloys;

titanium;
tantalum;
carbon loaded plastics;

platinum (usually alloyed with iridium or rhodium).

A.3.4 Materials for specialized applications

For specialized applications other materials, material combinations or coatings are used.

EXAMPLES

20

Tungsten carbide, ceramic-coated electrodes, zirconium and carbon-loaded plastics.
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A.4 Meter tube and enclosure

The materials used for the meter tube, process connections (e.g. flanges) and enclosure are usually

specified by the manufacturer. It is essential that they be compatible with the environmental conditions
in which they are to be used.

The materials listed in A.3 may be used for parts of meter tubes that come into contact with the metered
liquid, i.e. partially lined tubes.
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Annex B
(informative)

Practical considerations for measuring system with AC and DC

excitation

B.1 Gendral

Two source poltages were introduced in 6.3.1, which are described here in more detail.

B.2 Electrochemical voltage, U,

Electrochenpical voltage may also result from chemical reaction occurring in-the process fluid

electrochen
the flowmef]
and althoug
many times

Since U, var
excitation) 1
required for

B.3 Tran

This voltage
the ideal tra
U, butitals

er and the process fluid, which is an electrolyte. The reaction is’similar to that in a ba
h the electrochemical motive force is much weaker than thaktin a typical battery, it is
larger than the flow related voltage, U,,.

ies slowly over time, alternating the magnetic field {either as a pulsed DC or sinusoid
everses the polarity of Uy, but not U, which allows’the two voltages to be differentiat
flow measurement.

sformer voltage, U

originates from the rate of change pfithe magnetic field created by the field coils, follo
hsformer formula. Alternating the magnetic field minimizes the problem of interference
b introduces another potential sotrce of voltage interference, the transformer voltage (

ical voltage originates from electrochemical reactions between the metallic electrod

The
es of
ktery
bften

hl AC
bd as

wing
with
Ut).

V,=—N

s | x AxdB/dt (should we eliminate the number of turns and the area)

where

Vs ils the Ut (or veltage) induced in the transformer secondary;

Ns ils the number of turns in the secondary;

A iis the atea of the single loop transformer secondary through which the magnetic field passes;

dB/dt is-thed

o}

Thus, in addition to being an electromagnetic flowmeter, the sensor also acts as a weak transformer,
with the field coils being the transformer primary. The single-loop transformer secondary is formed by
the electrodes and their connecting wires, with the circuit completed by the conductive process liquid.
In a magnetic sensor with applied DC field coil excitation, the rapid change in the field coil current as
the polarity changes creates a voltage spike on the electrodes that is unrelated to the flow rate. This
voltage spike may be similar in magnitude or larger than the flow related voltage, U,.

In order to minimize the risk that the transformer voltage, U, interferes with the flow related voltage,
Uy, manufacturers of electromagnetic flowmeters design the flowmeter internal electrode wiring loop
such that it is parallel to the magnetic field lines so that the transformer effect is minimized. In addition,
they use time sampling techniques to avoid the voltage spikes.
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Annex C
(informative)

Cathodic protection

When an electromagnetic flowmeter is installed in a cathodic protected pipeline, special precautions
are necessary to ensure that the direct current component of the cathode current does not affect the
acy and stability of the flowmeter system. In such a case, the flowmeter manufacturer should

accu
alwal;rs be consulted for installation advice.

The
protd

A red
be ag
or, W
elect]

Undse
thes

With
sour

earth resistance along the length of the pipeline. This can cause high currents to flow in

whic|
insul

Cont

brecautions necessary depend on the location of the sensor relative to other¢parts of
pction system.

here insulated or non-conductive pipe work is used, one of the eonductive “earthi
rodes.

ensor body; otherwise, the protection current will be bypassed to the supply earth.

Ces. These may be a considerable distance apartyand at different potentials owing to

h, if allowed to flow through a sensor body, ¢ain cause inaccuracy in measurements. Pr
ating flange and conductive links, as shown'in Figure C.1, obviates this effect.

hct the manufacturer for specific requirements.

1

he cathodic

juirement often applied is that the sensor body and the liquid are at the same potentipl. This may
hieved simply by adequate electrical bonding between the sensor body and the adjdcent piping,

ng” rings or

r bonded conditions with cathode protection, the electric§upply earth should not be donnected to

cathode protection systems on long pipelines, the cathode current is often obtained from several

variation in
the pipeline,
vision of an

Key
1 c

athodic current bypass link

2 flowmeter connected ONLY to potential equalizing ring at BOTH ends

3  flowmeter insulated from pipework at BOTH ends
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Figure C.1 — Cathodically-protected pipelines: conductive links across flange j
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Annex D
(informative)

Conversion of nominal diameters from metric to US units

Table D.1 — Conversion table for nominal diameters

Nominal diameter

DN 4 to DN 400 DN 450 to DN 2 000

(mm) (in) (mm) (in)
4a 1/8 450 18
8a 3/8 500 20
15 1/2 600 24
20 3/4 700 28
25 1 750 30
32 11/4 800 32
40 11/2 900 36
50 2 1000 40
65 21/2 — 42
80 3 1:200 48
100 4 — 54
125 5 1400
150 6 — 60
200 8 1600 —
250 10 — 66
300 12 1800 72
350 14 — 78
375 15 2000
400 16

a/ These line sizes are most commonly used with DN 15
flanges.
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