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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
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ribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria riegded for the
rent types of ISO documents should be noted. This document was drafted in acéordance with the
rial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documéntmay be the subject of

patel
patel
the |
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The
Subc

This
revig

it rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of any
it rights identified during the development of the document will be(inthe Introductign and/or on
50 list of patent declarations received (see www.iso.org/patents):

frade name used in this document is information given for the'éonvenience of users gnd does not
[itute an endorsement.

hin explanation on the meaning of ISO specific termis and expressions related to| conformity
sment, as well as information about ISO’s adherence to-the WTO principles in the Technjcal Barriers
pde (TBT), see the following URL: Foreword — Supplementary information.

fommittee responsible for this document is [SO/ TC 30, Measurement of fluid flow in clofed conduits,
pmmittee SC 5, Velocity and mass methods.

third edition cancels and replaces the second edition (ISO 10790:1999), which has been technically
ed. It also incorporates the Amendment SO 10790:1999/Amd 1:2003.
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Introduction

This International Standard has been prepared as a guide for those concerned with the selection, testing,
inspection, operation, and calibration of Coriolis flowmeters (Coriolis flowmeter assemblies). A list of
related International Standards is in the Bibliography.

This International Standard provides the following:

description of the Coriolis operating principle;

guideline to expected performance characteristics of Coriolis flowmeters;

a)
b)
c) descrip
d) descrip
e) commol
The next pa

and accurac

The VIM de
and a “true
numerical v

To understd

not exist. The best that can be done is to determine the measured quantity value with measure

instrumentd
estimate. Ur

Many Corio
specificatio}
linearity bu

This Internd
This Internd
or part of th|

fion of calibration, verification, and checking procedures;
fion of potential error sources;
1 set of terminology, symbols, definitions, and specifications.

ragraphs contain an explanation of when to use the measurement terminology, uncertd
y.

finition (see 3.2) of accuracy: closeness of agreement betweena measured quantity Y
Juantity value” of a measurand. Per the VIM, accuracy is a guality and should not be gi
hlue.

nd the preceding paragraph, one needs to understand that a “true quantity value”

ition calibrated with a very good but imperfect reference. Therefore, the measurement
jcertainty is used to define these measuremesitestimates (see 3.2.2).

is manufacturers use accuracy and zerq Stability as part of their published performni
ns. The manufacturer’s accuracy specification includes repeatability, hysteresis,
[ can also include other items that ntight be different for each manufacturer.

tional Standard will use uncertainty to quantify the results of a flow measurement sys
tional Standard will only use\accuracy when it is very clear that it is referring to or usi}
e manufacturers publishéd specifications.

1inty,
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Measurement of fluid flow in closed conduits — Guidance
to the selection, installation and use of Coriolis flowmeters
(mass flow, density and volume flow measurements)

1 Scope

This
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guid
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3.1

For t

3.1.1

Cori

devig
mass

or tu

Note

Normative references

Terms and definitions

International Standard gives guidelines for the selection, installation, calibrationgp
peration of Coriolis flowmeters for the measurement of mass flow and density. This |
lard also gives appropriate considerations regarding the type of fluids measured|
hince in the determination of volume flow and other related fluid parameters:

Fluids defined as air, natural gas, water, oil, LPG, LNG, manufactured gases, mixtures, sly

following documents, in whole or in part, are normatively‘referenced in this docunj
pensable for its application. For dated references, only,the edition cited applies. |
ences, the latest edition of the referenced document (including any amendments) appl

168, Measurement of fluid flow — Procedures for the evaluation of uncertainties
EC 17025, General requirements for the competence of testing and calibration laboratori

EC Guide 99:2007 (JCGM 200:2012), International vocabulary of metrology — Basic
bpts and associated terms (VIM)

Definitions specific t¢ this Coriolis flowmeter standard

he purposes of this dodument, the following terms and definitions apply.

plis flowmeter:
e consisting 6f a flow sensor (primary device) and a transmitter (secondary device) whi

flow and density by means of the interaction between a flowing fluid and the oscillat
pes

erformance,
hternational
as well as

rries, etc.

ent and are

For undated
es.

es

and general

rh measures
on of a tube

1£eyentry: This can also provide measurement of the tube(s) temperature.

3.1.2

flow

sensor (primary device)

mechanical assembly consisting of an oscillating tube(s), drive system, measurement sensor(s),

supp

orting structure, and housing

3.1.3

tran

smitter (secondary device)

electronic control system providing the drive electrical supply and transforming the signals from the

flow

Note

sensor to give output(s) of measured and inferred parameters

1 to entry: It also provides corrections derived from parameters such as temperature.

Note 2 to entry: The transmitter (secondary device) is either integrally mounted (compact device) on the flow
sensor (primary device) or remotely installed away from the primary device and connected by a cable.
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oscillating tube
tube through which the fluid to be measured flows

3.1.5

drive system
means for inducing the oscillation of the tube(s)

3.1.6

sensing device
sensor to detect the effect of the Coriolis force and to measure the frequency of the tube oscillations

3.1.7
supporting
support for

3.1.8
housing

structure
Lhe oscillating tube(s)

environmenjtal protection of the flow sensor and/or transmitter

3.19
secondary
housing des

3.1.10
calibrating
numerical 3

Note 1 to ent

3.1.11
zero offset
indicated flq

Note 1 to enty
could be due
temperature

3.1.12

Containment
gned to provide protection to the environment in the event.of tube failure

factor
lctor unique to each sensor derived during sensor calibration

Fy: The calibrating factor is programmed into the transmitter to enable flowmeter operation.

w when there are zero flow conditiens present at the meter

y: This could be due to mechanical orelectrical noise superimposed on the sensor output but ed
to installation effects such as torsional loading caused by improper torqueing of the flange bg
extremes creating deflectiomofthe pipeline.

zero stability

variation of
expressed b

3.1.13
flashing
phenomeno

v the manufacturer as an absolute value in mass per unit time

n, whieh occurs when the line pressure drops to, or below, the vapour pressure of the |

Note 1 to ent

ry=This is often due to pressure drops caused hy an increase in liquid velacity

Note 2 to entry: Flashing is not applicable to gases.

3.1.14
cavitation

ually
Its or

the flowmeter output at zero flow after the zero adjustment procedure has been completed,

quid

phenomenon related to and following flashing of liquids if the pressure recovers causing the vapour
bubbles to collapse (implode)

3.1.15
flow rate

quotient of the quantity of fluid passing through the cross-section of the conduit and the time taken for
this quantity to pass through this section

© ISO 2015 - All rights reserved
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3.1.16
mass flow rate

flow

rate in which the quantity of fluid is expressed as mass

3.1.17
volume flow rate

flow

3.2

rate in which the quantity of fluid is expressed as volume

Definitions from VIM, ISO/IEC Guide 99 (JCGM:2012)

3.21
repefatability (condition of measurement)
condiition of measurement, out of a set of conditions that includes the same measuremen

Sameg
meag

Note

repeas

3.2.4

mea
non-

meagy

Note

comp

thed
meas

Note

by Ty

serie

evaly
evaly

3.2.3

erro

meag

Note

valud

urements on the same or similar objects over a short period of time

1 to entry: A condition of measurement is a repeatability condition only with(espect to a sp
tability conditions environmental protection of the flow sensor and/or transmitter.

Surement uncertainty
hegative parameter characterizing the dispersion of the quartity values being att
urand, based on the information used

1 to entry: Measurement uncertainty includes componeénts arising from systematic effi
onents associated with corrections and the assigned quantity values of measurement standaf]
efinitional uncertainty. Sometimes estimated systematicéffects are not corrected for but, inste3
urement uncertainty components are incorporated,

D to entry: Measurement uncertainty comprisesyi'general, many components. Some of these car
pe A evaluation of measurement uncertainty from the statistical distribution of the quantity
b of measurements and can be characterjzed by standard deviations. The other components,
ated by Type B evaluation of measurement uncertainty, can also be characterized by standar
ated from probability density functions based on experience or other information.

r
ured quantity value minus a reference quantity value

1 to entry: The conceptiof “measurement error” can be used both a) when there is a single refer

[ procedure,

operators, same measuring system, same operating conditions, and same location, and replicate

ecified set of

ributed to a

bcts, such as
ds, as well as
d, associated

be evaluated
r values from
which can be
d deviations,

bnce quantity

to refer to, which-occurs if a calibration is made by means of a measurement standard with a measured

quantity value having anegligible measurement uncertainty or if a conventional quantity value is given, in which
case fhe measuremerit error is known, and b) if a measurand is supposed to be represented by 3 unique true
quantfity valuesor(a set of true quantity values of negligible range, in which case the measuremenft error is not
known.

3.24

calibration

operation that, under specified conditions, in a first step, establishes a relation between the quantity
values with measurement uncertainties provided by measurement standards and corresponding
indications with associated measurement uncertainties and, in a second step, uses this information to
establish a relation for obtaining a measurement result from an indication

Note 1 to entry: A calibration can be expressed by a statement, calibration function, calibration diagram,
calibration curve, or calibration table. In some cases, it can consist of an additive or multiplicative correction of
the indication with associated measurement uncertainty.

Note 2 to entry: Calibration should not be confused with adjustment of a measuring system, often mistakenly
called “self-calibration”, nor with verification calibration.

© ISO 2015 - All rights reserved
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3.3 Symbols
Table 1 — Symbols used in this International Standard
Symbol Description Dimensions SI Units
Aiq oscillating tube internal cross-sectional area L2 m?2
ar radial acceleration LT-2 m/s2
at transverse acceleration LT-2 m/s?
%4 velocity LT-1 m/s
omg delta mass of a flowing particle M kg
Smyp mass of tube element M A(\'k\gJ
OFc delta Coriolis force MLT-2 (\’(,Lf‘l'-’kg/. 2
dm mass flow rate MT-1 A D~ kg/s
p density ML-3 '\\) ) kg/mp
Pt density of the fluid Mé\'@ kg/mp
Pref density of reference liquid ’1@7!3 kg/mp
th tube & dim-less —
Fc Inlet resultant Coriolis force in the inlet \)‘ MLT-2 m-kg/$2
Fc outlet resultant Coriolis force in the outlet , ‘\\\ MLT-2 m-kg/$2
Fc Coriolis force Qs > MLT-2 m-kg/$2
sinp sinusoidal function (displacement, velocity, or $\lera- L, LT-1, or LT-2 m, m/s, of m/
tion) ) o.§ 52
sina sinusoidal function (displacement, velociq&‘); accelera- L, LT-1, or LT-2 m, m/s, of m/
tion) xO s2
sing sinusoidal function (displacement,velocity, or accelera- L, LT-1, or LT-2 m, m/s, of m/
tion) C )\ s2
td time delay N o T s
KR a constant, primary flo@m)ration factor at reference MT-1 kg/s/b
conditions
1) angular Velocity(.AO ’ T-1 rad/s
r length A(})\vJ L m
ox delta len Qv L m
frf resoqa.q?f?equency T Hz
c n@\r{ical stiffness MT-2 kg/s?
m C‘?n‘ggs M kg
M —rtotatmass—overaperiodoftime ML ke/s
My mass of oscillating tube(s) M kg
ms mass of fluid within the oscillating tube(s) M kg
Ve volume of fluid within the oscillating tube(s) L3 m3
%4 total volume - over a period of time L3T-1 m3/s
K1, K> density calibration factors dim-less —
Trf is the period of the oscillating tube T S
N¢ number of cycles dim-less —
tw is the time window (gate) T S
Pref the density of water at reference conditions ML-3 kg/m3

© ISO 2015 - All rights reserved
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Symbol Description Dimensions SI Units
Uy expected uncertainty of the flow measurement volume percent of reading —
Um expected uncertainty of the mass flow measurement percent of reading —
Up expected uncertainty of the density measurement percent of reading —
wa mass fraction of component A dim-less —
wB mass fraction of component B dim-less —
®A volume fraction of component A dim-less —
®B volume fraction of component B dim-less —
PA density of component A ML-3 kg/m3
0B density of component B ML-3 kg/m3

Pms density of measured mixture density ML-3 kg/m3
qmA mass flow rate of component A MTy1 kg/s
qmB mass flow rate of component B MT-1 kg/s
qmT total mass flow rate of the mixture MT-1 kg/s
qvA volume flow rate of component A L3T-1 m3/s
qvB volume flow rate of component B L3T-1 m3/s
qut total volume flow rate of the mixture L3T-1 m3/s

3.4 | Abbrevations

Table 2 — Abbreviations used in this International Standard

Abbreviations Descriptions
cP centipoise (dynamic viscesity) 1 cP =1 mPa-s
cSt CentiStokes (kinemati¢wiscosity) 1 ¢St =1 mm2/s

cP/SG viscosity used ingpétroleum industry

DN European piping'size (diameter nominal, millimetres)
SG specific gravity
SIP steaming=in-place
CIP cleaning-in-place

4 Coriolis flowmeter selection criteria

4.1 | General

The Coriolis flowmeter should be selected to measure the user’s parameters within their required
ranges and uncertainty. Consideration should be given to the following points when selecting a Coriolis
flowmeter.

Coriolis flowmeters are not generic devices. The potential user should review the manufacturer’s data
sheet(s) carefully.

4.2 Physical installation

4.2.1 General

The manufacturer should describe the recommended installation arrangementand state any restrictions
of use.

© IS0 2015 - All rights reserved 5
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The installation arrangement design enables measurement to meet the user’s requirements. Installation
for liquid and gas measurement can be different. Some applications might need strainers or filters, and
other applications might need air and/or vapour eliminators.

Coriolis flowmeters are regularly placed in the mainstream of the flow but can also be placed in a by-
pass arrangement for density measurements.

4.2.2 Installation criteria

Consider the following, noting that there might be differences for liquid and gas measurement
applications:

a) thespage required for the Coriolis flowmeter installation, including provision for external proyver or
master-meter connections, should in situ calibration be required;

b) the clasp and type of pipe connections and materials, as well as the dimensions of the:equipmegnt to
be used

c) thehazardous area classification;

d) the envni|ronmental effects on the sensor, for instance, temperature, humidity, corrosive atmospheres,
mechanlical shock, vibration, and electromagnetic field;

e) the moynting and support requirements.

4.2.3 Full-pipe requirement for liquids

The primary device should be mounted such that the oscillating tube(s) fill completely with the ljquid
being meteted; this prevents the measuring performance of the instrument from being impdired.
The manufacturer should state the means, if any, required to purge or drain gases or liquids frorp the
instrument.

4.2.4 Orie¢ntation

Plugging, cgating, trapped gas, trapped. liquid, or settlement of solids can affect the flowmeter’s
performancg. The orientation of the sensor depends on the intended application of the flowmeter anid the
geometry of the oscillating tube(s).(The orientation of the Coriolis flowmeter should be recommejnded
by the manyfacturer.

4.2.5 Flow conditions and straight length requirements

The perforlr'Iance of a Coriolis flowmeter in single phase flow is usually not affected by swirling flyid or
non-uniform velocitjrprofiles induced by upstream or downstream-piping configurations.

4.2.6 Valyes

Valves upstream and downstream to a Coriolis flowmeter, installed for the purpose of isolation and zero
adjustment, can be of any type, but should provide tight shutoff. Control valves in series with a Coriolis
flowmeter should be installed downstream to maintain the pressure required to ensure the product
remains single phase and no flashing or cavitation can occur.

4.2.7 C(Cleaning

For certain applications (for instance hygienic services), the Coriolis flowmeter might require in situ
cleaning which can be accomplished by

a) mechanical means (using a pig or ultrasonic device),

b) self-draining,

6 © IS0 2015 - All rights reserved
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c¢) hydrodynamic means,
d)
e)

Care should be taken to avoid cross-contamination after cleaning fluids have been used.

sterilization (steaming-in-place, SIP), and

chemical or biological (cleaning-in-place, CIP).

0:2015(E)

Chemical compatibility should be established between the sensor wetted-materials, process fluid, and

cleaning fluid.

The

anufacturer should specify the operating frequency range of the instrument to enable
of possible influences of process or other external mechanically imposed frequencies) It is possible that

the plerformance of the flowmeter can be influenced by frequencies other than the dperating
Thesg effects can largely be addressed by appropriate mounting or clamping of'the instrun

In erfjvironments with high mechanical vibrations or flow pulsations, considération should
the use of pulsation damping devices (see 4.3.7) and/or vibration isolators-and/or flexible ¢

4.2. Pipe stress and torsion

The flow sensor is subjected to axial, bending, and torsional€eérces during operation. Chan
forcds, resulting from variations in process temperature and/or pressure, can affect the C
flow measurement. Care should be taken to ensure that no.forces are exerted on the flowme
clamping arrangements.

Meas
flow

ures should also be taken to prevent aligninent stresses from being exerted on
meter by connecting pipes.

Unddr no circumstances should the Coriolis flowmeter be used to align the pipe work.

4.2.10 Crosstalk between sensors

If twp or more Coriolis flowmeters are to be mounted close together, interference through
coupling might occur. This ig-often referred to as crosstalk. The manufacturer should be ¢
metHods of avoiding crosstalk.

Thiskhould be recognized in the mechanical design of an installation to avoid interference of
Testing should be cayried out after installation as flowmeter errors introduced can be sig

not gdbvious in normal operation. If observed, the manufacturer should be consulted.
4.3 | Effects*due to process conditions and fluid properties
4.3. General

Variations in fluid properties, such as density, viscosity, and process conditions, such as p

assessment

frequencies.
lent.

be given to
onnections.

ges in these
oriolis mass
ter from the

the Coriolis

mechanical
pnsulted for

“crosstalk”.
nificant but

ressure and

temperature, can influence the flowmeter’s performance. These effects have influences which differ

depending on which parameter is of interest.

4.3.2 Application and fluid properties

In order to identify the optimum flowmeter for a given application, it is important to establis

of conditions to which the Coriolis flowmeter will be subjected. These conditions should
following:

a) flow rates;

b) the range of densities;

© ISO 2015 - All rights reserved
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the range of temperatures;

the range of pressures;

the pressure on the liquid adequate to prevent cavitation and flashing;
the permissible pressure loss;

the range of viscosities;

the properties of the metered fluids, including vapour pressure, two-phase flow, and corrosiveness;

ISO 10790

<)

d)

e)

f)

g)

h)

i) unidire

j) continu

k) corrosfi\
quantit

stream).

4.3.3 Multiphase flow

Liquid mixt
entrained g

homogeneoyis mixtures can cause additional measurement errors andin some cases, can stop oper

of the Corio
of applicatig
etc.), the im
the influend
adequate g4
controls and

Gases disso
in the Corio
measureme
limitation d

of the tube
uncertainty;

In the case df batch applicatiéns where the pipelines are empty at the start, alarge gas void can be fqg

through the
error behav
as short as

NOTE Td
(e.g. water, g

dn 1 h - s 1
L LIUIIAI Ul UIFUIT ©liivlldl,
bus, intermittent, or fluctuating;
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Influence of process fluid

Erosion, corrosion, and deposition of material on the inside of the oscillating tube(s) (sometimes referred
to as coating) can initially cause measurement errors in flow and density, and in the longer term, sensor

failure.

4.3.5 Temperature effects

A change in oscillating tube(s) temperature affects the properties of the oscillating tube(s), and thus
influences the measurement of the fluid process by the Coriolis flowmeter. A means of compensation for
this temperature effect is usually incorporated in the transmitter.
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Users are advised to discuss temperature effects with the flowmeter manufacturer.

4.3.6 Pressure effects

Static pressure changes can affect the measurement of the fluid process by the Coriolis flowmeter; the
extent of the effect on measurement shall be specified by the manufacturer.

4.3.7 Pulsating flow effects

Coriolis flowmeters are generally able to perform under pulsating flow conditions except when pulsation
is relatively severe, which is often the case when reciprocating product pumps are in close proximity
to the metering system. When this situation occurs, steps should be taken to reduce pulsations to
levels that do not affect performance. This often requires passing through intermediate| equipment,
imprjoving pulsation damping equipment, changing pump type, etc. (see 4.2.8). The“mahufacturers’
recommendations should be observed regarding the application and the possible use pf pulsation
damping devices.

4.3.8 \Viscosity effects

Highpr viscosity fluids might draw energy from the Coriolis flowmeter excitation system, [particularly
at the start of flow. This phenomenon can cause the sensor tube(s),to-momentarily stall durfing start up.

A calibration verification of the Coriolis flowmeter with high€p viscosity fluids can be a confsideration if
high performance is required with greatly varying viscosities.

4.3.9 Flashing and/or cavitation

The relatively high liquid velocities and quick change in these velocities, which often occur in Coriolis
flowmeters, cause local dynamic pressure dreops inside the flowmeter, which can result in flashing
and/pr cavitation.

Both|flashing and cavitation in Coriolisfléewmeters (and immediately upstream and/or doywnstream of
then]) should be avoided at all times. Eldshing and cavitation cause measurement errors and|can damage
the sensor.

4.4 | Pressure loss

Alosfs in pressure occursas the fluid flows through the sensor. The magnitude of this loss |s a function
of the size and geometry of the oscillating tube(s), the mass flow rate, and the dynamic visfosity of the
process fluid.

Manfifacturefs)shall provide a process (a sizing program or a diagram) for users to deftermine the
presgure losses across the flowmeter.

4.5 Qafpfy

4.5.1 General

The flowmeter should not be used at conditions, which are outside the flowmeter’s specification.
Flowmeters also should conform to any necessary hazardous area classifications. The following
additional safety considerations should be made.

4.5.2 Hydrostatic pressure test

The wetted parts of the fully assembled flowmeter sensor should be hydrostatically tested in accordance
with the appropriate standard.
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4.5.3 Mechanical stress

The flowmeter should be designed to withstand all loads originating from the oscillating tube(s) system,
temperature, pressure, and pipe vibration. The user should respect the limitations of the sensor at all

times.

4.5.4 Erosion

Fluids containing solid particles or cavitation can cause erosion of the oscillating tube(s) during flow.
The effect of erosion is dependent on flowmeter size and geometry, particle size, abrasives, and velocity.
Erosion should be assessed for each type of use of the flowmeter.

4.5.5 Cor
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4.5.7 Cled
For general

Care should
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b environment (dirt, condensation, and mechanical intéxference) which might interfere
f the vibrating tube(s) of the Coriolis flowmeter weére to fail, the housing containin
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4.6 Transmitter (secondary device)

Coriolis flowmeters are multivariable instruments providing a range of measurement data from a single
point in the process. In selecting the most appropriate transmitter, consideration should be given to the

following:
a)
b)
c)
d)

10

the electrical, electronic, climatic, and safety compatibility;
the mounting, i.e. integrally or remotely mounted;
the required number and type of outputs;

the ease and security of programming;
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e) the outputs demonstrating adequate stability and reasonable response times, and in the case of an
analogue output including the minimum and maximum span adjustments;

f) the output(s) indicating system errors;

g) the required input options, for instance remote zero adjustment, totalizer resetting, and alarm
acknowledgement;

h) the type of digital communication;

i) secondary instrument inputs, such as process pressure, temperature, and density;

j)  level'of measurement uncertainty.

4.7 | Diagnostics

Coriglis flowmeters provide a variety of electronic signals going from the transinitter to the sensor, e.g.

the dlectric current, used to provide the oscillation of the measurement tube(s), as well a$ going back

from|the sensor to the transmitter, e.g. the frequency modulated signal from the motion senging devices.

While the purpose of those signals is primarily to ensure the operation-of the measurement principle,

they|also carry additional information that can be used for diagnostic functionality - either by

com

can

cons

5

Cori

instr

Allc
com

Stan

In ad|
perfq

a)
b)

A

Results-of the above tests should be presented in a certified report, when requested. |

a
the tIansmitter or provided as data for further processing by the control system. Diagnost

rison with reference values or by software algorithms. Thi$ functionality can be int

e used to indicate more detailed information on process or system conditions. The
11t with the manufacturer to understand the availability diagnostics.

Inspection and compliance

¢lis flowmeters are an integral part of the piping (in-line instrumentation), it is essen

ilibrations and testing shall be completed by an ISO 17025 accredited laboratory or alte
parable quality systems and demionstrably traceable measurements to national and [
Hards.

q

dition to the instrument calibration and/or performance checks, the following optional
rmed to satisfy the méechanical requirements:

dimensional check;

jdditional hydrostatic test, in accordance with a traceable procedure, as specified by t}

q

fadiographic and/or ultrasonic examination of the primary device to detect inte

i.e. inclusions) and verify weld integrity.

eorated into
ic functions
user should

tial that the

ument be subjected to testing procedures similar to those applied to other in-line equipment.

rnative with
hternational

tests can be

1€ user,;

'nal defects

In addition to the above reports, the following certificates should be available at final inspection:

iy
2)
3)
4)

material certificates, for all pressure-containing parts;
certificate of conformance (electrical area classifications);
certificate of compliance;

calibration certificate and test results.
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6 Mass flow measurement

6.1 Appa

ratus

6.1.1 Principle of operation

Coriolis flowmeters operate on the principle that inertia forces are generated whenever a particle in a
rotating body moves relative to the body in a direction towards or away from the centre of rotation. This

inertial forc

e is called the Coriolis force and its principle is shown in Figure 1.

omy ox a;
{ \ )
(Pqint) P o %ﬁ,V
| Z
( /l o)
| r _
- OF (Rotating tube) tb
Figure 1 — Principle of the'Coriolis force in a rotating tube
A flowing pprticle, of mass dmy, slidestwith constant velocity, v, in a tube, th, which is rotating|with
angular velqcity, w, at a certain distanee, r, from a fixed point, P. The particle undergoes an accelerption

that can be
a) aradial

b) atransy
in Figur

To impart t
direction of]

livided into two components

acceleration (centripetal), ar, equal to rw? and directed towards P, and

e 1.

he Corielis acceleration at to the particle, a force of magnitude 2wvéms is required i
ai./The rotating tube exerts this force on the particle. The particle reacts to this force

an equal forj

cecalled the Coriolis force, 6Fc which is defined as follows:

rerse accelerdtion (Coriolis), at, equal to 2vw at right angles to a, and in the direction shown

h the
with

O0F; =2wvomg

(0

When a flowing particle of density, p, flows at constant velocity, v, along a tube rotating as shown in
Figure 1, any length, éx, of the rotating tube experiences a transverse Coriolis force of magnitude:

O0F: =2wvpA;4ox

where Aiq is

12

the cross-sectional area of the rotating tube interior.

(2)
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Since the mass flow rate, g, can be expressed as:

Am = VpAid

The transverse Coriolis force, 6F¢, can therefore be expressed as follows:

O0F; =2mq,,6x

(3

(4)

In commercial Coriolis flowmeters, direct measurement of the Coriolis force in rotating tubes is not
used. Instead, measurement is commonly done through vibrating flow tubes since vibration contains

taimrformrofrotatiomat-motiomr—Ttiretypicatoperationmbasedonthe—vibratory principle is shown

a ce
schel

In Fij
bent
excit
parti
func

matically in Figure 2.

bure 2 a), the flow tube is supported at the inlet and outlet positions and its shape c
or straight. With a vibration driving mechanism normally arranged in the middle, the
ed to a continuous sinusoidal motion. For example, in the driving positios, the motion
cle, dmy, and the tube element, 6my,, are coupled together, and it can be tepresented by
ion, sinp.

Ideally, when there is no flow, the sinusoidal motions of the inlet and:outlet portions, sinp

in ph

Whe
velog
Corid
of th
Ther
show
sinu

q

whet
KRris

It sh
is sip
sinug
time
sing,
in th

ase as shown in Figure 2 b).

h flow occurs, Coriolis forces are generated in the inletahd outlet portions because
ity, v, and the rotational components, w, of the inlet and:qutlet fluid particles. However, t
lis forces in the inlet and outlet portions, F¢ nlet an@ ¥ ¢ outlet, are opposite to each ot
e opposite rotational components of the inlet and-ottlet fluid particles as illustrated in
efore, the sinusoidal motions of the inlet and outlet portions, sina and sing, are no longe
n in Figure 2 c). The mass flow rate is in direct proportion to the time delay, t4, betweg
oidal signals as given by Formula (5):

m=Kgr-tq

e
a constant and is the primary flow calibration factor at the reference condition.

buld be noted that in"Eigure 2 c), time delay is shown at the peaks of sinusoidal sign
nply for the purpose) of illustration. In theory, time delay can be measured anywher

an be either
flow tube is
5 of the fluid
a sinusoidal

hind sing, are

of the fluid
he resultant
her because
Figure 2 a).
[ in phase as
in these two

(5)

hls, and this
e along two

oidal signals. Therefore, different manufacturers can have different techniques to measure this

delay. Ideally;;when there is no flow, the sinusoidal motions of the inlet and outlet porti
are in phase.as shown in Figure 2 b). It should be noted that the sinusoidal motions, v
e form aof displacement, velocity, acceleration, or deformation, can be sensed by variou

cominercial’Coriolis flowmeters which typically use magnet/coil sensors to sense velocity.

bns, sina and
Vhich can be
5 means and
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6.1.2 Cor

A Coriolis fl
The Corioli{

b) No flow c) With flow

t
et

e 2 — Principle of operation of Coriolis flowmeters for mass flow measurement

olis sensor

flowmeter sensor is the primary mechanical part while the transmitter provides co

and signal processing.

One or mors

straight. In
a position

idway between these two points. The oscillation is normally excited electromagnet
using coilsnhdmmﬁmwmmdmm

most\flowmeters, the flow tube is fixed between inlet and outlet points and oscillat

motions on both the inlet and outlet portions.

pwmeter is an eleetromechanical system which consists of a flow sensor and a transm|

e flow ¢€ubés are included in the internal measuring assembly, which can be either be

itter.
ntrol

nt or
ed at
cally
t the

The supporting structure typically includes sensor housing to provide protection or secondary
containment. It also includes process connection to be connected to users’ pipeline.

The sensor is characterized by flow calibration factors which are derived during manufacture and
calibration. These values are unique for each sensor and are normally recorded on a calibration

certificate a

14

nd/or a data plate secured to the sensor housing.
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Coriolis transmitter

A Coriolis flowmeter requires a transmitter to provide the drive energy and to process the subsequent
signals. It is necessary to match the transmitter to the sensor by entering the calibration factors from

the s

ensor data plate or the calibration certificate.

The mass flow rate is usually integrated over time in the transmitter to give the total mass.

The transmitter might contain application software which can be used to evaluate additional parameters
but they require further configuration. In the case of the measurement of density or volume, output
requirements necessitate the entry of other coefficients into the software. All outputs are usually scaled

sepa
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Mass flow measurement

mportant to note that the result of a measurement is an estimate of the physical qu
ured. When reporting the measurementresult, itis therefore essential thataquantitatiy

hlidity. Without such an indication, measurement results should not be compared ne
selves nor with reference values of a specification or standard.

urement uncertainty is a parameter that characterizes¢the” dispersion of meas
riated with the result of a measurement. It is normally eXpressed as a percentage of
a confidence interval, usually assumed to be 95 %. The measurement uncertainty
nated by including all reasonable contributing factors.uhder the specified conditions, w
nly those contributions arising from the meter itself*but also the calibration facility, |
llation conditions.

lis flowmeter manufacturers frequently. specify mass flow measurement perfor
entage of the reading. The manufacturer's’ published performance specification fo
es the combined effects of accuracy and’zero stability. The manufacturer’s accuracy 4
es repeatability, hysteresis, and linearity but can also include other items that can be
manufacturer. Manufacturers’ published performance specifications usually contain :
ference conditions. Reference conditions are generally not the same for Coriolis manuf

der to determine the Corniolis flowmeter’s predicted performance at a flow rate, two
iormally used by Coriolis manufacturers. In the first approach, zero stability is cal
entage of the readingat the specified flow rate and added on to a base accuracy value {
rmance specificatioh as shown in the following graph as Figure 3.

antity being
e indication
he extent of
ther among

ired values
the reading
needs to be
hich include
brocess, and

mance as a
" mass flow
pecification
different for
) clause like,
hcturers.

approaches
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Figure 3 —|Typical graph of Coriolis’ manufactukers published performance specifications,|first
approach
In a second ppproach to determine a Coriolis flowmeter’s predicted performance, a certain flow rate is
used to det¢rmine either zero stability or a base accuracy value will be used. Below that certain|flow

rate, zero st
performanc
determine t

e specification. Abovethat certain flow rate, the base accuracy value is used as a constd
he performance spéeification. This second approach is shown in Figure 4 below.

hbility is calculated as agercentage of the reading at the specified flow rate to determine the

nt to

16
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Figure 4 — Typical graph of Coriolis manufacturer’s published performance specifications,
second approach

Sinc¢ manufacturers’ published performaiice specifications are normally defined fdr reference
cond(Etions using a calibration facility, .estimation of measurement uncertainty needs to donsider and
add ¢ther reasonable contributing factors. These additional uncertainties are described in/more detail
in 4.3 and can include the following:

a) the calibration facility’s uficertainty, which is usually available on a calibration certifichte;

b) possible errors due to process conditions deviating away from the specific referencg conditions,
juch as process temiperature and pressure;

c) possible errorsidue to installation conditions, such as environmental temperature changes.
6.3 | Factors.affecting mass flow measurement

6.3.1 CDensity and viscosity

Densityand viscosity may have aminor effecton measurements of mass flow. Consequently, compensation
is not normally necessary. However, for some designs and sizes of meters, density and/or viscosity
changes can induce an offset in the flowmeter output at zero flow and/or a change in the flowmeter
calibration factor. The offset can be eliminated by performing a zero adjustment (see 6.4) at operating
conditions. See 4.3.8 for viscosity effects.

6.3.2 Multiphase flow

Liquid mixtures, homogeneous mixtures of solids in liquids, and homogeneous mixtures of liquids with
a low ratio of gas can be measured satisfactorily in many cases. Multiphase fluid flow should be avoided
because the measurement of multiphase fluids results in increased uncertainty. Multiphase applications
involving non-homogeneous mixtures can cause additional measurement errors.
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Care should be taken to ensure that gas bubbles or condensate droplets are not trapped in the flowmeter
(see 4.2.4). Special attention should be given under these circumstances to the zero-adjustment
procedure (see 6.4).

6.3.3 Temperature

Temperature changes affect the flow calibration factor due to temperature related material properties
and compensation is necessary. Compensation for this effect is usually performed by the transmitter
using the measured tube temperature.

However, large differences in temperature between the oscillating tube(s) and the ambient temperature

can cause elffrors in the temperature compensation. The use of insulation materials can minimize
effects. Temperature variations can also induce an offset in the flowmeter output at zero flow.

6.3.4 Pre
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actor and, in this case, compensation is necessary. Pressure changescan also induce an ¢
leter output at zero flow. This effect can be eliminated by performing a zero adjustmen
ocess pressure.

allation

rted on the sensor from surrounding pipe work can.introduce an offset in the flown
o flow, which affects the uncertainty over the entifée flow range for some designs and
's. This offset should be checked after the initial installation or after any subsequent ch
fation. Another zero adjustment (see 6.4) sheuld be performed if the offset is unaccept

adjustment

5 the result of mechanical noise thatis indistinguishable from the mass flow induced Co
h be determined and compensated for when flow is at zero. Coriolis flowmeters are typ
ring manufacture to minimize these effects. However, even with proper balancing
llation, some residual offset due to external mechanical noise might exist. Coriolis m
ers provide a procedurefor determining and compensating zero offset.

wmeter installatienis complete, a zero adjustment might be necessary for some flown
vercome the effects described in 6.3. Refer to the vendor’s manual. To check or adjus
he flowmeter should be full and all flow stopped by closing upstream and downst
recommended that the meter zero is first checked, and adjusted if the offset is larger
turer’s specification or unacceptable to the user. Zero adjustment should be made at pr
f temperature, pressure, and density. It is essential that the fluid remain stable and
bubbles or heavy sediment and no movement.
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hy have a minor effect on measurements of mass flow and compensatien is not normally
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The level of the zero adjustment can be checked by observing the flowmeter output at zero flow. However,
before viewing the output, it is essential that the mass low flow cut-off setting in the transmitter be set
to zero or alternatively, an output unaffected by the mass low flow cut-off setting be used. If appropriate,
the bi-directional function might need to be activated. It is advisable to check the zero of the flowmeter
periodically.

NOTE Mass flow rate low flow cut-off is a transmitter setting which sets the flowmeter mass flow output to
zero if the mass flow rate falls below a pre-set value.

6.5 Calibration of mass flow measurement

Every Coriolis flowmeter should be calibrated against a standard traceable to a national or International
Standard. It is preferred that calibration laboratories be accredited to ISO/IEC 17025. Calibration
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certificates for the flowmeter should be provided. The calibration factors determined by this procedure
should be indelibly marked on the sensor data plate.

The calibration of a Coriolis flowmeter consists of comparing the output of the flowmeter against a
traceable standard which has a better uncertainty, preferably at least three times better, than the
flowmeter under test.

As the Coriolis flowmeter is a mass flow device, it is preferable to perform the calibration against a mass
or gravimetric reference. Calibration against a volume standard combined with density determination
can be used in situations where mass or gravimetric methods are not available or not possible, especially
when making field calibrations. The errors introduced by this method have to be carefully assessed. If a
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ry calibration is normally done using water. Prior to the start of the calibration, the
meter should be checked (see 6.4). The Coriolis flowmeter might need to have a-zerg
e calibration test rig and again in the final installation. Detailed calibration advice
vals, suggested procedures, calibration levels, and an example of a calibfation curve
X A.

Density measurement

General

lis flowmeters can provide in-line density measuremment at metering conditions.
hes density measurements and density calibration using Coriolis flowmeters. D¢
red measurements such as standard density andCencentration are dealt with in Anne

ION — At the time of writing, the gas density measurement capability of Coriolis

nerally limited. Therefore, using the gas'density measurement to convert mass fl
al volumetric flow of gas is also limited! The manufacturer should be consulted re
rtainty and validity of an actual volume measurement provided under gas flow ¢

0).
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7.2 Principle of operation

Coriolis flowmeters are typically operated at their resonant frequency. For a resonant system there is a
relationship between this frequency and the oscillating mass and stiffness. The resonant frequency (ff)

of a Coriolis
frf = (1/

with

m=my,

flowmeter and related formulae are written as:

27)(c/m)"?

(6)

(7)

me =(pg)-(V)

where

frf is the resonant (natural) frequency;

C isthe mechanical stiffness or the spring constant of the oscillatifig tube arrangement;

m is the total mass;

myp is the mass of oscillating tube(s);

my is the mass of fluid within the oscillating tube(s);

Vt is the volume of fluid within the oscillating tube(s);

pr is the density of fluid.

The mechan
design of th

b Coriolis flowmeter and the Young’s modulus of elasticity of the tube material.

Formulae (6], (7), and (8) can be uséd,to solve for the fluid density, which is given by:

ps = {C
rewritten as
pr=Kq

where

V (Zﬂfrf)z]}_mtb/mf

+'KZ/(frf)z

ical stiffness or the spring constant of the oscillating tube arrangement depends o

(8)

h the

(9)

K1 and K3 are density calibration factors (coefficients) for the density measurement that are determined

during the c

alibration process (see 7.6.2 and 7.6.3).

NOTE K1 and K3 are influenced by temperature and are commonly compensated for by means of integral
temperature measurement.
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The frequency, frf, in Formula (9) is determined by measuring the period of the tube oscillation, T;f, or by
counting cycles, N, during a time window (gate), ty:

frle/Trf or frf:Nc/tw (10)

where
Trs is the period of the oscillating tube;

N¢ is the number of cycles;

v 15 the time window (gateJ.

7.3 | Specific gravity of fluids
Dividing the fluid density at process conditions by the density of reference fluid\atreferenc¢ conditions,
results in the specific gravity, SG:

SG6=(p)/(Prer) (1)
whefe

pr  is the density of the fluid at metering conditions;

pref is the density of the reference fluid at reference’conditions (normally pure water for liquids

and air for gases).

NOTH The previous edition of this International Stahdard used the term, Relative Density for Specific Gravity.
Some end users and International Standards use the term Relative Density. It is important that the reference
condjtions used by the manufacturers are statedcclearly to help the user avoid confusion.
7.4 | Density measurement uncertainty
Similar to mass flow measurement uncertainty (see 6.2), manufacturers also spet¢ify density
meagurement uncertainty which includes all combined effects, such as linearity, repeatability, and
hyst¢resis. It is normally expressed as an absolute value in mass per unit volume (i.e. g/cm¥ or kg/m3).
Uncertainty statementS~are usually given for reference conditions which are specified by the
mantifacturer. TheseCreference conditions should include the ranges for temperature and pressure.
Addifional informdtion should be provided on the density measurement uncertainty other|than for the
referfence conditions, e.g. by specifying the influence of fluid pressure and temperature.
7.5 | Factors affecting density measurement
7.5. Femperature

Temperature changes affect the density calibration factors due to temperature related material
properties, hence compensation is necessary. Compensation for this effect is usually performed
by the transmitter using the measured tube temperature. However, due to compensation errors,
e.g. temperature measurement differences, the effect cannot be entirely eliminated. In order to minimize
this effect in meeting the users’ process measurement requirements, it might be necessary to adjust the
density calibration of the flowmeter at the operating temperature. Large differences in temperature
between the oscillating tube(s) and the ambient temperature can cause additional errors in temperature
compensation. The use of insulation materials can minimize these effects.

NOTE In certain applications, e.g. cryogenic liquids, there can be a transient temperature influence, resulting
from a step change in process temperature (thermal shock) that momentarily influences the density measurement.
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7.5.2 Pressure

Coriolis flowmeter sensor designs vary significantly between manufacturers. Sensor designs for a
manufacturer can vary depending on size and application. Some designs or flow sensor sizes can be more
susceptible to pressure effects than other designs. Check with the manufacturer for recommendations
and procedures to adjust the density calibration factor due to pressure effects.

7.5.3 Multiphase (Two phase)

The density of liquid mixtures, homogeneous mixtures of solids in liquids, or homogeneous mixtures of
liquids with a low volumetric ratio of gas can be measured with Coriolis flowmeters.

NOTE TlLe Coriolis flowmeter, when used as a densitometer, can only measure the aggregate densityof the

fluid mediuni.
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5 are likely, care should be taken in specifying suitable materials and in selecting the
Coriolis flowmeter.
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hstallation stresses doynot influence the density measurement. However, for certain sq
e can be an orientation effect.

bn the user’s.performance requirements it might be necessary to calibrate the Co
lensity application in its intended final orientation, perform a field transfer type de
por alternatively, a single point density alignment to the user’s process density (see 7.6.
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7.6.1 General

Coriolis flowmeters can be calibrated during manufacture and/or by a field transfer type density
calibration or a single point density alignment to the user’s process density.

Only single-phase clean fluids should be used for laboratory calibrations. The oscillating tubes should
be clean and free of coating or deposits. Deviation from these requirements can result in significant
measurement errors.

7.6.2 Manufacturer’s density calibration

Coriolis flowmeters are frequently calibrated by the manufacturer for density measurement, usually
using air and water as reference fluids. The density calibration factors determined by this procedure
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should be provided by the manufacturer. Manufacturer’s calibration references should be traceable
to a national or international standard. It is preferred that manufacturer’s calibration laboratories be
accredited to ISO/IEC 17025.

The user’s measurement performance requirements and process conditions can require a special
density calibration with fluids at temperature above or below ambient temperature.

7.6.3 Field density calibration and adjustment

The user’s measurement performance requirements and process conditions can require the Coriolis
flowmeter’s density application to be field transfer calibrated from a standard (reference meter) or a
singlg point alignment to the users process density. Field verification can be used to yertify possible
instdllation effects or process temperature effects. The user should know the density ofithe|fluid within
the flowmeter to the required uncertainty.

8 YVYolume flow measurement at metering conditions

8.1 | General

Coriglis flowmeters directly measure fluid mass flow rate and densify at metering conditions. However,
ther¢ are applications where the advantages of a Coriolis flowmgter would be very beneficial, but the
desifjed measurement is volume at metering conditions. Coriglisflowmeters can be effectiyely used for
volume flow measurement.

8.2 | Volume calculation

Densgity is defined as its mass per unit volumejtherefore, volume can be calculated from mass and
densjty as follows:

n="= (12)

wherre
V' isthe total volume at metering conditions;
p is the density atmetering conditions;

M is the totakmass.

Formula (12) maybe incorporated directly into the transmitter software provided the Coriol}s flowmeter
is ofa type.that can measure both mass and density (see Clause 6 and Clause 7). In reality, the mass
part pf théabove equation is measured as a function of time (mass flow rate) and therefore} the volume
calcylated is also a function of time:

qy =qm/P (13)

where
qv is the volume flow rate at metering conditions;
qm 1is the mass flow rate at metering conditions.

The Coriolis flowmeter can then provide the calculated volume flow rate as an output signal. The
calculated volume flow rate can also be integrated with respect to time to obtain the total volume.

NOTE The calculated volume flow is based on dynamic mass flow and dynamic density measurements made

under process conditions. Volume flow in this form is therefore, also a dynamic measurement under process
conditions, not under reference conditions.
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8.3 Gas as a process fluid

At low pressure, the Coriolis gas density measurement has greater uncertainty because the gas has
very low density. Therefore, according to Formulae (12) and (13), the calculation of volume flow at gas
metering conditions also have greater uncertainty.

8.4 Volume measurement uncertainty

Some Coriolis flowmeter manufacturers publish their expected measurement error for volume flow.
However, if this information is not available, the expected uncertainty for volume flow measurement
can be calculated using Formula (14):

1/2

0= (W +(v,)’) (14

where

Uy is the uncertainty of the volume flow measurement;
Upm is the uncertainty of the mass flow measurement (see 6.2);
Up isthe uncertainty of the density measurement (see 7.4).

All the abovg values of uncertainty are expressed in terms of percent of the reading.
8.5 Special influences

8.5.1 General

Coriolis flowmeters can only give a computed value.pf the volume and as such, the reliability can bg only
as good as the data entered into the volume formiuita. On this basis, any variation in the fluid or in process
parameters|which might have an influence en:the reliability of mass flow and density measurenpents

has a combxmed effect on the reliability of.the calculated volume measurement. For specific effe¢ts of
variations i process conditions on mass'‘flow and density measurements, see Clause 6 and Clause|7.

8.5.2 Empty pipe effect

A Coriolis flpwmeter measuringliquid flow responds to tubes becoming empty or liquid being displaced
by vapour bly a drop in the-dehsity reading falling close to zero. If this were to occur while therq was
still a small indicated massflow present, the calculation of the liquid volume according to Formuld (12)
would be erroneously-high. This problem can be avoided by incorporating a suitable low-density ciit-off
setting, designed toniwhibit any flow measurement being performed unless the flowmeter is properly
filled with liquid {\€onsultation with manufacturers can provide alternative methods of eliminating this
problem.

8.5.3 Multiphase fluids

Volumes cannot be measured reliably under multiphase process conditions.
8.6 Factory calibration

8.6.1 Mass flow and density

When comparing a Coriolis flowmeter volume output with a reference volume standard, one is not able
to distinguish between the uncertainty of the instrument’s mass flow measurement and the uncertainty
of the density measurement. Therefore, for calibration purposes, Coriolis flowmeters should always be
considered as mass flow and density measuring devices.
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These two parameters should first be calibrated in accordance with the recommendations given in
Clause 6 and Clause 7, before the flow can be used for volumetric measurements. Once the flowmeter
has been calibrated for mass flow and density, a theoretical prediction of the volume uncertainty can be
determined using Formula (13).

8.7 Volume check

The expected value of uncertainty for volume measurement can be checked by performing a volumetric
test against a known volume standard. In addition to the standard calibration certificate, on request,
manufacturers should be able to provide test data showmg volume flow rates and correspondmg

should be performed usmg the Coriolis flowmeter in its operational installation usingthe ocess fluid.
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Annex A
(informative)

Calibration techniques
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. In each case, twa-eperational techniques can be used.

c (flying) starf/stop — data collection starts and stops while the fluid is maintainec
ow rate. Theltransmitter-signal processing time can result in a delay in the output.

sured;for‘instance small volume provers and diverter-based test facilities.
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end of the run. The transmitter-signal processing time can result in a lag in the output. Therefore,
even after the valve has been closed and the flow has stopped, the meter’s electronics can continue
to indicate flow. Errors due to this output can be reduced by delaying the close gate signal on the
mass flow accumulation for a short period after the flow has stopped.

A.2.2 Gravimetric methods

The test fluid should be collected in a weighing vessel. The mass of the vessel should be recorded
before the test starts and after the test is completed. The difference between these two readings is the
collected mass and in the case where air or gas is displaced, the collected mass should be corrected for
buoyancy. Care should be taken to avoid evaporation and the formation of condensation on the tank
walls. Calibration is made by comparing the transmitter totalizer with the collected mass.
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A.2.3 Volumetric

The Coriolis flowmeter can be calibrated using an established volumetric method, for instance collecting
the test fluid in a certified vessel or using a volume prover. However, the collected quantity (volume)
should be converted into mass by multiplication by the fluid density. The density can be measured
dynamically using an online densitometer or, if the fluid density is constant, by sampling methods. If
the properties of the fluid are well known, the density can also be determined by measuring the fluid
temperature and pressure within the vessel.

A.2.4 Master-meter (reference meter)
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b Calibration frequency

5. The frequency of calibration of the flowmeter is governéd by the criticality and n|
hting conditions. It might be appropriate to reduce or¢inerease the frequency of c4
are gathered. For fiscal and/or custody transfer appli€ations, this frequency can be pi
ation, or agreed between the relevant parties.

e flowmeter installation conditions vary, for instahce as a result of pipe work modifiq

flowmeter output at zero flow conditions is‘greater than the meter zero stability spe
hfacturer. This can be corrected by conducting a zero adjustment (see 4.2.9).

Calibration procedures
brocedures adopted for all flowmeter calibration methods shall ensure the following:
he flowmeter is installéd in accordance with manufacturer’s recommendations;

he flowmeter undértest, and the connecting piping, is filled completely with test flui
ifter the test to prevent any effects from air;

he calibrationis preceded by an appropriate warm-up period and hydraulic run-in timn
111 transmitter configuration data are recorded prior to the start of the test;

he'test flow rates are selected to cover the operating flow range of the flowmeter.
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Calibration conditions

a) Zero adjustment

First, a zero flow condition should be established (and checked) in the test rig. If the flowmeter
output at zero flow conditions is within the zero stability value specified by the manufacturer, a
zero adjustment will not be necessary. However, if the output at zero flow conditions is seen to
be unsatisfactory, a zero adjustment, per manufacturer’s procedures, should be made only at
the start of the calibration and not between runs. It is recommended that the fluid conditions be
recorded as part of the zero adjustment. However, if the output at zero flow conditions is seen to be
unsatisfactory, a zero adjustment according to manufacturer specified procedures should be made
only at the start of the calibration and not between runs.
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b) Flow stability

The flow shall be kept stable to within +5 % of the selected flow rate for the duration of the calibration
test at that flow rate.

c¢) Temperature and pressure

Variations in fluid temperature and pressure should be minimized during the calibration process.
For a single run, the temperature should be held constant to within 1 °C, and to within 5 °C for the
entire duration of the calibration. The fluid pressure within the test rig should be kept sufficiently
high to avoid flashing or cavitation in the flowmeter and/or in the vicinity of the flowmeter.

d) Density
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calibration data should be presented in chronological order;
configuration data within the transmitter at which the calibration is performed;

authorized signature.
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Annex B
(informative)

Safety guidelines for the selection of Coriolis flowmeters

General considerations
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h the Coriolis flowmeter is used in critical applications for the measurement of flamm
Fances, care shall be taken to verify that the integrity of the flowmeter can be maintain
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ced within a Coriolis flowmeter are too small to instigate fatigue.

h Coriolis flowmeters are specified for a particular application, special attention shal
bllowing specific areas.

| Materials

shall be taken to establish that suitable wetted materials are selected for compatibil
bss fluid(s) being metered including cleaning fluids. Material incompatibility is the m
ce of Coriolis flowmeter tube fractureand can be totally avoided at the sensor selg
lard material guides do not necessarily apply to thin-walled, vibrating tubes. Ma
mmendations shall be considered-aswell as standard material guides.
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shall be taken to ensure that no erosion takes place within the oscillating tube(s) whe
ow of abrasive products. Thinning of the measuring tube through erosion can event
trophic failure. Manufacturers should be able to specify the maximum flow velocity n
on for a given sensor size.

8 Tube pressure rating

der to,guarantee conformance for the tube pressure rating, the manufacturer should
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SME codes to which the tubes have been designed, usually ANSI/ASME B31.3 (or

recognized

equivalent standard such as AD-Merkbléatter, Druckbehélterverordnung/Germany or KHK/Japan);

b) the design calculations pertaining to the codes mentioned in a), for the wall thickness and pressure
ratings.

B.1.4 Flange pressure rating

Similarly, appropriate ASME design codes shall be available for checking the suitability of the connections
to the Coriolis flowmeter sensor.
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