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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.

Any t
const

For 4

The procedures used to develop this document and e intended for i irther ma
descrfbed in the ISO/IEC Directives, Part 1. In particular the different approval criteria'n¢eded for the

intenance are

nce with the

he subject of

rights. ISO shall not be held responsible for identifying any or all suclhpatent rights. Details of

e [SO list of patent declarations received (see www.iso.org/patents).

Fade name used in this document is information given for the convenience of users
tute an endorsement.

htent rights identified during the development of the document will be'in the Introdyction and/or

and does not

In explanation on the voluntary nature of standards; the meaning of ISO specific terms and

expregssions related to conformity assessment, as well as information about ISO's adhdgrence to the
World Trade Organization (WTO) principles in the Techhical Barriers to Trade (TBT) see

URL:

Wwww.iso.org/iso/foreword.html.

This dlocument was prepared by Technical Cominittee ISO/TC 28, Petroleum and related p

and I

ibricants from natural or synthetic soufges, Subcommittee SC 2, Measurement of p

the following

roducts, fuels
btroleum and

relatad products, in collaboration with Te¢hnical Committee ISO/TC 30, Measurement of| fluid flow in
closed conduits.

This §econd edition cancels and replaces the first edition (ISO 2714:1980), which has bee
revis¢d.

n technically
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Introduction

This document gives recommendations on the design, installation, operation and maintenance of
positive displacement meter systems used for liquid measurement. This widens the application scope
from the previous document, which was primarily aimed at hydrocarbon custody transfer applications.
The guidance now applies to all suitable liquids measured across different applications and industry
sectors.

Displacement meters are extensively used in general fluid measurement in addition to fiscal, custody
transfer and legal metrology applications involving hydrocarbon and non-hydrocarbon products. These
can range from the light products such as gasoline, through to higher viscosity fluids

The document has an extended scope from the first edition to cover applications for a widerrange of
liquids and duties and to remove restriction to hydrocarbon liquids. It now provides guidance, father
than mandafory requirements, on performance to allow meters to be specified and verified to| meet
relevant regulatory, fiscal and custody transfer specifications. The document also* now ing¢ludes
additional mpter designs. This revision has been achieved through the participation of ISO/TC 30 [in the
preparation,|hence, providing a single standard for the measurement of flowing\liquids using pdsitive
displacement flowmeters.

vi © ISO 2017 - All rights reserved
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Liquid hydrocarbons — Volumetric measurement by
displacement meter

WARNING — The use of this document might involve hazardous materials, operations and
equipment. This document does not purport to address all of the safety problems associated
with its use. It is the responsibility of the user of this document to establish appropriate safety
and health practices.

1

This glocument is applicable to the metering of any appropriate liquid. Guidance is given
positive displacement meters in the metering of two-component mixtures of the same p
waterf and oil.

iven to the factors to be considered in the application of positive displdcement met

Sicope
document describes and discusses the characteristics of displacement,flewmete

ing. These include the properties and nature of the liquid to be metered, the correc
peration of the meter, environmental effects, and the wide chojce-of secondary 4§
ent. Aspects of meter proving and maintenance are also discussed.

rs. Attention
ers to liquid
t installation
nd ancillary

bn the use of
hase such as

It is ot applicable to two-phase flow when gases or solids are present under metering cqnditions (i.e.
two-phase flow). It can be applied to the many and varied liquids encountered in industry for liquid
metering only. It is not restricted to hydrocarbons.

Guidqnce on the performance expected for fiscal/custody transfer applications for hydrocarbons is
outlirjed.

This document is not applicable to cryogenic liquids such as liquefied natural gas (LNG) and refrigerated
petroleum gas. It does not cover potable water and fuel dispenser applications.

2 Normative references

The fpllowing documents-are referred to in the text in such a way that some or all of their content
constjtutes requirements of this document. For dated references, only the edition cited applies. For
undated referencessth€ latest edition of the referenced document (including any amendmgnts) applies.
ISO/IEC Guide 99/ International vocabulary of basic and general terms in metrology (VIM)

ISO 4P06, Measurement of fluid flow in closed conduits — Vocabulary and symbols

3 erms, definitions, symbols and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

© IS0 2017 - All rights reserved
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3.1.1

accuracy

closeness of the agreement between the measured quantity value and a true quantity value of a
measurand

Note 1 to entry: The concept “measurement accuracy” is not a quantity, and should not be given a numerical value.
The quantitative expression of accuracy should be in terms of uncertainty. “Good accuracy” or “more accurate”
implies small measurement error. Any given numerical value should be taken as indicative of this.

[SOURCE: ISO/IEC Guide 99:2007, 2.13, modified]

3.1.2

adjustment
set of operatjons carried out on a meter or measuring system so that it provides prescribed indications
corresponding to given values of the quantity measured

EXAMPLE This entails bringing a measuring instrument (meter) into a satisfactory, pefformande and
accuracy.

Note 1 to entfy: Adjustment can be of zero point, span, linearity or other factors affecting the performance of
the meter.

[

Note 2 to entrfy: Adjustment should not be confused with calibration, which is agrerequisite for adjustmen
Note 3 to entrjy: After adjustment, a recalibration is usually required.
[SOURCE: ISQ/IEC Guide 99:2007, 3.11]

3.1.3

calibration
set of operdtions that establish, under specified conditions, the relationship between quantities
indicated by jan instrument and the corresponding values realized by standards

Note 1 to entrfy: Calibration should not be confused-with adjustment of a measuring system.
[SOURCE: ISQ/IEC Guide 99:2007, 2.39, modified]

3.14

cavitation
phenomenon related to, and following, flashing (3.1.6), where vapour bubbles or voids form and
subsequently collapse or implode

Note 1 to entrly: Cavitation eauges significant measurement error and also potentially cause damage to the pipe
and meter thrpugh erosion,

3.1.5
error
measured Ve11ue minus a reference value

Note 1 to entry: Relative error is error divided by a reference value. This can be expressed as a percentage.
[SOURCE: ISO/IEC Guide 99:2007, 2.16, modified]

3.1.6

flashing

phenomenon which occurs when the line pressure drops to, or below, the vapour pressure of the liquid,
allowing gas to appear from solution or through a component phase change

Note 1 to entry: Vapour pressure of the fluid can reduce with increasing temperature.

Note 2 to entry: Flashing is often due to a local pressure drop caused by an increase in liquid velocity, and
generally causes significant measurement error.

2 © IS0 2017 - All rights reserved
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Note 3 to entry: The free gas produced by flashing will remain for a considerable distance downstream of the
meter even if pressure recovers.

3.1.7
K-factor
ratio of the number of pulses obtained from a meter and the quantity passed through the meter

3.1.8
linearity
total range of deviation of the accuracy curve from a constant value across a specified measurement range

Note 1 to entry: The maximum deviation is based on the mean of derived values at any one flow point.

Note 7 to entry: The deviation is the largest minus the smallest value of mean values at each flowrgte.

Note 3 to entry: Relative linearity is the range of values divided by a specified value, e.g. theindeperndent linearity
as deflned in ISO 11631.

3.1.9
lubrigity
liquid property which affects friction between moving surfaces

Note 1 to entry: Good lubricity allows the formation of a liquid film<between surfaces, and thereby reduces
frictign. Poor lubricity, where little or no film is formed, can result in ac¢elerated component wear.

3.1.10
metef factor
ratio pf the quantity indicated by the reference standard-and the quantity indicated by thef meter

3.1.11
perfdrmance indicator
derived value which may be used to indicate. the performance of the meter

EXAMPLE Error, K-factor, or meter factof.

thods defined
ying (proving)

ing the pulse
time period

Note 1 to entry: The latter is the most common method through a double timing technique.

3.1.14

range

measuring range

set of values of flowrate for which the error (3.1.5) of a measuring instrument (flowmeter) is intended
to lie within specified limits

[SOURCE: ISO Guide 99:1993]

© IS0 2017 - All rights reserved 3
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3.1.15
range

017(E)

range of values
difference between the maximum and minimum values of a set of values

Note 1 to entry: This can be expressed as a half range (*) number. Relative range is normally expressed as a

percentage of

3.1.16

a specified value, e.g. mean, minimum or other calculated value.

repeatability
measurement precision

closeness of

agreement between indications or measured quantity values obtained by rep

licate

measuremerl

Note 1 to ent1
procedures aif

Note 2 to enty
values of erro|
of the values.

Note 3 to en
percentage. S

[SOURCE: IS

3.1.17
slip
measure of t

3.1.171
dynamic slij
slip measure

3.1.17.2
static slip
slip measure

3.1.18

ts under specified conditions

y: Specified conditions normally imply the same reference, same conditions, same gperato
d that the data are obtained sequentially over a short period of time.

y: Repeatability can be expressed as the range (difference between the maximum and min
r or K-factor. Alternatively, repeatability can be expressed as a function ofthe’standard dey
ry: Dividing repeatability by the mean gives the relative value which can be expresse

me standards suggest dividing by the minimum value.

/IEC Guide 99:2007, 2.21, modified]
he fluid which passes through the meter withqut'being directly measured
D

d when the meter is rotating

d when the meter is not retating

standard conditions

conditions o
standardize

Note 1 to entr]

Note 2 to entr]

F temperature and,pressure to which measurements of volume or density are referi
Lhe quantity

y: These are\the specified values of the conditions to which the measured quantity is convert

y: Forithie petroleum industry, these are usually 15 °C, 20 °C or 60 °F and 101,325 kPa.

I's and

mum)
iation

l as a

red to

Note 3 to enti]

y-Quantities expressed at standard conditions are shown by prefixing the volume unit by “

5”, e.g.

4 Sm3 or 700

g/Sm>.

Note 4 to entry: Definition has been adapted from Energy Institute HM 0 and OIML R 117. Some other petroleum
standards employ the term “base” conditions.

Note 5 to entry: In some other documents, “standard” conditions are described as “base” conditions and,
incorrectly, as “reference” conditions. Reference conditions are conditions of use (influence quantities) prescribed
for testing the performance of a measuring instrument.

[SOURCE: ISO Guide 99:1993]

3.1.19
swirl

condition where the liquid flowing through a pipeline rotates with an associated high tangential
component of velocity relative to the axial component

4
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3.1.20

uncertainty
non-negative parameter characterizing the dispersion of the quantity values attributed to a measurand
based on the information used

[SOURCE: ISO/IEC Guide 99:2007, 2.26, modified]

Note 1 to entry: The uncertainty is normally expressed as a half width range along with the probability
distribution with that range. It can be expressed as a value or as a percentage of the perceived true value.

3.2

Symbols and abbreviated terms

For th

NOTE
per sd
1 ¢St 3

4 I

4.1

Positi
flowi
purp
time
flowr
creat

All PII
eleme
exter
and p
housi
preci
a cha
cham

The metering chamber_fand the associated readout registers) is often sealed to prevent t

fraud
than

The o
to a |

e purposes of this document, the symbols given in ISO 4006 and ISO/IEC Guide 997aj]

The preferred unit for kinematic viscosity is metre squared per second (mZ2/s) of millim
cond (mm2/s). The practical unit used in this document is the industry recognizeéd unit ce
1 mm2/s.

esign and operation of positive displacement meters

Basic characteristics and mode of operation

ve displacement (PD) flowmeters, as the name implies;.afe devices which continuous
g stream into volumetric segments, and momentarily isolate these segments for 1
ses. The total of the volumes contained within the-segments as the meter rotates ov
s the total volume passed. The frequency at which the segments pass is a measure
ate. PD meters are driven by the flow, and it is\the pressure drop across the meter i
s a hydraulic imbalance which causes rotdtion.

meters can be considered as possessing-three basic elements: the external housing,
nt and the output shaft. The housing can be of single-case or double-case const
hal housing contains the fluid, and*is designed to suit the operating conditions of
ressure. A double-case design-minimizes the effect of pressure expansion on the o
hg by having a secondary intérnal housing around the metering element. The measu

ply.

etres squared
ntistoke (cSt);

ly divide the
heasurement
br a period of
f the volume
nternals that

the metering
ruction. The
temperature
iter external
ring unit is a

e component (or series of components), which performs the liquid segmentation and comprises

mber and displacementumechanism. The cyclic volume displaced is a function of t}
bers or the precise design of the volume being swept by rotation or reciprocation.

e number of

mpering and

Widespread type approval for trade use by relevant authorities is more common with PD meters

most other types of flowmeter.

utput.shaft is used to drive mechanical or electrical (pulsed) outputs. This could be g direct drive
ulse generator or through a gear box to a mechanical readout. Various calibration devices and

drive

b t0' compensators and printers can be attached. Some designs might have electronic pickups

fitted

to detect rotation through the meter casing, thus, avoiding shaft seals.

PD meters can be subdivided into five classes, based on the type of motion:

a)
b)
c)
d)
e)
Eight

reciprocating motion (single and multiple pistons);
rotating motion (vanes and gear types);
oscillating motion (semi-rotary types);

nutating motion (disc types);

intermeshing screw type.

of the more common types are shown in Figure 1.

© IS0 2017 - All rights reserved
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)

o?o

(&4 —.
! I I

a) Reciprocating piston meter b) Sliding vane meter c) Oval gear meter

3

e

d) Bi-rotor meter e) Tri-rotor meter f) Nutating disk meter
g) Oscillating piston meter h) Screw (spindle) meter
Key
1 pistonsslide
2 outlet
3 flow
4 inlet

Figure 1 — Eight common types of displacement flowmeter

More detailS offhalhacic cosa b AfF o n b acn tha clidinagyvrana fygimn o clhovazn 10 Doy )
Ul LIIC UAJIC LUlll}JUllbllLa Ul UIIC UT \-AA\,J\" CITC Jllulll& valic L-y l.l\" AT U OIIUVVIT 1IIT I 1 Ul v o,

Although the means for separating and counting the liquid pockets are many and varied, the whole
group possesses similar basic characteristics. The performance indicator is usually given in terms of
meter error, meter factor or meter K-factor as a function of volumetric flowrate or Reynolds number.
A general performance curve is shown in Figure 3 for a small rotary device to illustrate the basic
performance.

At low flowrates, the metering mechanism has to overcome frictional resistance before motion
commences and, as a result, liquid slip may be significant. As flowrate increases, the percentage of slip
diminishes and metering error reduces. Certain designs, when operated within controlled conditions,
have measurement uncertainties, which are comparable with the method of proving in the laboratory
or in the field, and a full assessment of actual potential performance cannot be realized.

6 © IS0 2017 - All rights reserved
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The pressure drop follows a classical relationship, increasing with the square of the flowrate when the
flow regime is turbulent, and linearly proportional when the flow regime is laminar.

In certain applications, component wear (and hence slip) can be accelerated by excessive pressure drop.
This might increase linearity at low flowrates, particularly if gear trains and other drag producing
components are fitted and are in poor condition. Most modern designs use shaft encoders or pulse
generators to enable the meter to resolve smaller volumes with reduced frictional loading. Such devices
have shown that some designs are capable of very low repeatability specifications even in the non-
linear region at the lower end of the measurement range. This allows these meters to be used as master
meters, transfer standards or custody transfer devices for the bulk shipment of high value liquids such
as refined hydrocarbons.

4.2 |Reciprocating displacement types

In this class of PD meter, the measuring element is a piston (or series of pistons, drranged in a line
or radlially) that drives a common crank connected to the output shaft. The,¢rank synghronizes the
movement of the pistons. Slide or rotary valves allow liquid to alternately fil and exhajust from the
measpiring cylinders. In other designs, ports in the cylinder walls are used instead of valves. These are
coverpd and uncovered in sequence by the reciprocating motion of the pistons.

The olume measured in one cycle is the product of piston stroke,\eylinder area, and the number of
pistoms. This volume may be adjusted by altering the stroke Jenigth, but more usually, [by adjusting
the r¢adout mechanism driven from the crank. Good sealing/is” essential through fine folerances or
apprdpriate ring seals. Frictional effects can increase if sealing is too tight. Where high visg¢osity liquids
are mletered, drag on the metering elements might result in‘increased pressure drop.

4.3 |Rotating displacement types

In thig group are found the majority of PD metertypes used for metering hydrocarbons. The two basic
desighs are vane and gear types.

The major elements of a vane type are'shown in Figure 2. There is a cylindrical rotor mofinted within
a profiled body. The rotor assembly carries vanes (usually four or five) so that they slide freely within
slots machined within the assembly."The proximity of the rotor assembly and the vanes|to the outer
casing causes a good seal duriggymotion through the measuring crescent. The radius of this section is
constpnt, so the liquid trappéd)between the inlet and outlet porting is maintained at congtant volume.
An ofitput shaft connectéd)to the rotor assembly drives the volume registration eqyipment. The
perfofmance is usually-dé-rated (in flowrate terms) with dry (non-lubricating) or with abgasive liquids
to av@id component wear.

© IS0 2017 - All rights reserved 7
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6
Key
1 outer casing 6  outer covers
2 rotor 7  register or indicator
3 vanes 8 counter
4  coupling Tod 9 gear box, calibrator‘and pulse generator
5 inlet manjfold 10 measuring cres¢ent

The other co
oval gear me
is driven by t
and the mea;

through the

Helical gear

more commgd
are more sus

Also in this

gear types.

discrete poc
moves alter

a
single blocki}ig rotor{produces a continuous capillary seal between inlet and outlet, forcing the

to flow thro
displacemen

Figure 2 — Details of a typical vane type PD meter

hcept is the gear meter, of which there are mrany designs. One common basic design
ter. This design consists of two oval shaped rotors, which are forced to contra-rotatg
he flow created by the pressure on the‘inlet. The close fit between the inter-meshing i
uring chamber walls traps discreteliquid volumes, which are then continually disch
butlet port.

meters are design variants whetre the two rotors mesh in the longitudinal plane. Th¢
nly used on more viscous products. Because the sealing surfaces are relatively long
ceptible to over-speed and bearing damage.

group are the bi:fetor and tri-rotor meters, which are a combination of the van
['wo or three synchronized rotors revolve within the chamber, again, trapping liq
kets. Each rotor/shaft carries a timing gear, and each of the bladed displacement 1
tely through the measuring chamber half cylinder bores. In the tri-rotor desig

gh the\measuring section. The blocking rotor is geared to revolve at half the speed
[ eléments.

is the
. This
otors
arged

by are
, they

e and
hid in
otors
n, the
liquid
of the

4.4 Intermeshing screw spindle type

Screw-type meters consist of an axial mounted screw element with a second intermeshing screw
creating the sealed measured volume(s) and seal. Liquid trapped between the screw elements is
transferred from the inlet to outlet as the screws rotate.

Traditionally, this type of meter was restricted to high viscosity, low accuracy applications. More
specialized designs are now available with excellent performance, even in low viscosity liquids, and
perform well in custody transfer applications. These precision-made (spindle type) devices are used
as master meters due to the excellent linear performance comparable with that of the other common
types of PD meters.

© ISO 2017 - All rights reserved
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Oscillating displacement types

The semi-rotary or oscillating piston meter, Figure 1 g), is one of the most widely used PD meters in
low accuracy process applications. Typical applications include any clean non-abrasive liquids where
flow measurement range is not important and where low flowrates are not involved. These meters tend
to exhibit increased slip as both viscosity and flowrate decrease. The metering piston is constrained
by the chamber wall, the barrier plate and the central boss, so that it moves in an oscillatory manner,
sweeping liquid from inlet to outlet during the cycle. They are better suited to viscosity applications
in excess of 100 mm2/s, and also to cryogenic applications, where they tend to be used in customized

mea

4.6
This

show

rota
its v
pres

on th

5

5.1
This

cana
indicd
metel

Mete

dete

5.2
The

metering element design-and the geometry of body and measuring chambers. The most im

5.3

surement systems.

Disc type meters

fype of meter is generally applicable to clean, non-abrasive liquids. The operating
h in Figure 1 f). The metering disc is mounted within the casing, but is censtraing
tion by a radical partition attached to the measuring chamber wall. It doges, however,
ertical axis, with the incoming liquid alternately filling the spaces above,and below
sure differential causes the metering element to nutate (wobble), and 4 central drive
e upper surface of the disc transfers this movement into rotary metion to drive the m

Performance aspects

General

flause discusses the general performance of displacement meters and the various f]
fect the characteristic curve. Performance is normally stated in terms of variation in
tor as function of volumetric flowrate thrgugh the meter. The performance indicaf
factor. However, error and K-factor are also used.

s can have a single value determined and applied across the flowrange, or a num

rmined across the range and by appropriate interpolation applied to the operating flo

Factors affecting meter;performance

liguid flowrate;
liquid viscosity;

liquid temperature;

r principle is
d from pure
swivel about
the disc. The
pin mounted
eter register.

hctors which
performance
or is usually

ber of values
irate.

erformance of displacement meters is affected by a number of variables, depending on the

portant are:

liquid pressure and pressure drop through the meter;

meter construction and metering element design;

lubricating properties of the liquid;

debris and deposits;

wear characteristics affecting clearances between key components;

secondary components, e.g. solids or gases.

General performance characteristics

While displacement meters are supplied with a nominal meter factor and performance characteristic,
to achieve accurate measurement, all displacement meters would need calibration. This establishes the

© IS0 2017 - All rights reserved
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meter factor and general performance characteristics such as the sensor output signal and pressure
drop. Typical characteristics of the variation in error as a function of flowrate through the meter for low
viscosity hydrocarbon usage are shown in Figure 3. The error curve can be divided into distinct parts.

The length of the linear portion of this curve depends primarily on meter size, metering element design
and liquid viscosity. If the meter is sized and operated within this portion of its measurement range, the
use of an arithmetic or weighted mean value of the meter factor (or K-factor) would cause only a small
additional measurement error. This practice can be acceptable in situations where the flowrate is fairly
constant for extended periods, such as in pipeline operations.

As flowrate decreases, the value of the meter factor (error or K-factor) changes sharply. At very low
flowrates, theretarding torque overcomes the driving torque and the rotor stops, even though a very small
flow is still dlipping through the meter clearances. This is evident for low viscosity fluids, e.g. gagoline,
where the loyv liquid viscosity reduces the measurement range, as well as affecting the meter factor

y 03
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0,2) .
0,1 i C
N /
0.2

0, / D
o f

-0.5
-0.6
0 20 40 60 80 100
X

Key
A low flow;|high slip; negative error X flowrate (% of full measurement range)
B almostng slip y error (%)
C  linear opgrating range
D increased pressure loss and frictionshigher slip
NOTE This is a typical performance curve, with representative error given as percentage error. It might not

represent any|particular meter pritype. The meter characteristics show a general bias of +0,05 % error.
Figure 3 — General performance curve for PD meter

Meter perfoymance-can be significantly affected by liquid viscosity. Increasing the viscosity reduces
slippage and o0 “improve low flow performance, but at high flowrates, higher viscosities |cause

i nAracciirna dran anca tntarnal forang A thao ymatnr vohich i ght ~ohicn darmmaga th
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internal mechanism. Increasing the clearances within the meter could allow better performance for
high viscosity fluids. However, it would create unacceptable leakage if the meter is then used for low
viscosity liquids.

Generally, a measurement range of 10:1 can be achieved within a linearity band of 0,2 % for fluids with
viscosity less than 20 cSt. However, this might reduce to 2:1 for higher viscosity liquids. Using a meter
in the non-linear portion of the measurement range might be invalid, since the non-repeatability, which
is present in this portion of the characteristic, causes unacceptable errors.

An assessment of meter performance can best be made through calibration at different viscosities and
subsequent use of a meter control chart (see ISO 4124) to record performance with time and fluid. The
control chart plots successive meter factors (or meter K-factors) obtained on a given liquid over a period
of time and calibrations. It enables change in meter factor (or meter K-factor) to be identified over short
or long periods, and gives confidence in the reproducibility of the meter. Further guidance is given in 11.4.
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5.4 Pressure drop and back pressure considerations

Pressure drop and outlet pressure are both important to meter linearity. The pressure drop through
the meter is proportional to the square of the flowrate when the meter is operated in the turbulent
flow regime. The pressure drop is, however, proportional to flowrate when the meter operates in
the laminar flow regime (at low velocity and/or in high viscosity fluid). For a constant inlet pressure,
there is a maximum flowrate at which a PD meter can be operated within acceptable error limits
before performance deteriorates. Pressure drop below that of the vapour pressure of the liquid could
allow cavitation or flashing of the fluid to occur locally within the meter or at the outlet. Adequate
performance might require a higher operating pressure than that dictated by overall pressure drop
considerations to ensure this does not occur.

It is cliifficult to provide firm guidelines on back pressure requirements, as they aré
the fl
cavite
occur

iependent on
id, the meter design, and the speed of flow and rotor. Low pressure in the meteripg chambers,
ition, or flashing causes significant measurement error and might damage-the jmeter. Their
rence can be indicated by cavitation noise and a sharp change in the valuerof'the meter factor.

5.5 [Flow profile

In gemeral, due to the nature of a positive displacement meter physically interrupting the flow, these
meteys are mostly unaffected by the flow profile entering the meter. It is prudent, howgver, to avoid
extremes of flow disturbance to the profile entering the meters¢

6 Liquid property effects

6.1 |General

This g
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6.2 |(Effect of viscosity

General guidance for the-metering of viscous hydrocarbons is given in ISO 9200.
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cement meters\are sensitive to the liquid viscosity, particularly in the smaller size
htes. Figure &shiows the basic effect that an increase in viscosity has on a PD meter

@ gear meter). With low viscosity products, the metering errors generally increase d
lip through the component clearances. This effect becomes more pronounced wit

to adtlled viscous resistance in the clearances between moving parts.
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Figure 4 — Effect of viscosity on PD meter performance

associated increase in pressure drop, due to shearing effects, with the more vi
ters with larger clearances are sometimes used inthese applications. Most manufact
ximum meter pressure drop, and may de-rate meter capacity as viscosity increa

Vill have a different viscosity range. The maximum flowrate at a low viscosity (e.g.
multiplied by the de-rating factor to give’the maximum flowrate at a higher viscosit
would move to the right if extra clearance rotors are employed.

of meter has a different viscesity characteristic curve, which is also temper
f is important to validate thee, characteristics by proving, and the manufacturer’s g
hght. Any mathematical corrections should only be applied to individual meters whej
within the range of conditions over which they have been calibrated.
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Figure 5 — Typical de-rating capacity curve

6.3 |Effect of temperature

In addlition to the effect on the liquid viscaesity, significant changes in liquid temperature can also affect
meter performance by causing changes$.in the physical dimensions of the meter compohents and/or
cleargnces. The thermal expansion of.contraction vary from design to design; so general|rules cannot
be made. Liquid properties can also-change with temperature. Thus, a change in liquid [temperature
could|simultaneously affect meter performance in several different ways by an amount dependent on
aterials of construction] the meter design, liquid properties, and the application.

es in the physicaldimensions of the meter can be estimated from the cubical expgansion factor
materials of caonstruction for the meter casing. This does not fully account for a|l changes in
nces and friction. Calibrating over the complete range of expected temperatures might allow this
to be determined directly. Commonly, meters are calibrated at operating temperatpre, avoiding
ed for estitnated corrections.

emperature trimmed rotors can be used to compensate for the differences in thermal expansion
betwé¢en-rotor and housing material to prevent meter seizure.

Jacketing and trace heating might be required to avoid thermal shocks or transients, which can cause
the vanes or rotors and the chamber walls to become damaged. A cold fluid within the meter body
could have a viscosity above the one which the meter is designed to handle. In extreme cases, the fluid
might solidify or turn to wax. Positive displacement meters should, therefore, be started and run at low
speed when starting up. It might be necessary to heat the meter body before starting the flow.

It is important to ensure temperature equilibrium exists within the meter prior to calibration.

Temperature effects on the liquid being metered are discussed in Clause 7.

6.4 Effect of pressure

For single-case meters, if there are large variations in pressure, particularly between the proving
pressure and the operating pressure, then the actual meter dimensions might also change. Pressure can
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expand the volume of the housing, changing the displaced volume and the metering element clearances.
For double-case designs, this does not apply. Meter dimensional changes can be estimated from the
mechanical properties of the materials of construction. For high-accuracy applications, where large
pressure changes occur, the meter should be proved over the expected range of operating conditions.
Pressure effects on the liquid being metered are discussed in Clause 7.

6.5 Lubricity and liquid cleanliness

The lubricity of the liquid (see 3.1.10) can affect meter linearity, measurement range, repeatability
and reproducibility. With dry liquids (such as LPG), friction between moving surfaces can be large, as
the liquid film, normally present with oils and similar liquids, is absent. Therefore, accelerated wear,
increased friftion, and more leakage can be present with non-Tubricating [iquids. Similarly, the presence
of solid particles can also accelerate component wear, increase friction and, in extreme cases,'blo¢k the
meter. This qccurs when particles become trapped between moving components and the meter deizes.
Attention should be paid to the lubricating nature of the liquid and the presence of particles,’since|these
can affect the choice of metering element and materials of construction.

Adequate fil§ration should normally be provided upstream of the meter so that critical dimensior}s and
components |are not affected through abrasion or mechanical damage from selid particles. Hoyever,
this depends|on the application. Failure to protect in this manner can result innmeter seizure, effedtively
stopping the|flow. The strainer should be positioned upstream of the airgliminator and a check should
be made of ahy local regulations that apply.

6.6 Two-phase flow and air elimination

Two-phase flow covers the presence of gas in the liquid, or salids in the liquid. Both have an effect on
the performgnce and life of the meter.

All displacenpent meters are affected by the presence ofgas in the flow. This can be a situation whefe gas
is entrained fin the fluid entering the meter, or be due’to gas flashing from the liquid due to a prgssure
drop within the meter or in an upstream component, such as a filter.

The presencp of gas has an unpredictable effect on the error, and can cause damage to the meter,
particularly, [if there are "slugs" of free gas.enhtering the meter. This document covers the use of rreters
for single-pHase liquid metering only{ hence, any gas should be removed before entering the meter
through the|use of gas separators @rjeliminators. Flashing should be avoided by raising the system
pressure or feducing pressure loss.

Note The requirement to install gas separators or eliminators can be a mandatory or legal requirement for
some applicatjons.

Displacemer:f meterssare sensitive to the presence of solid particles such as pipeline rouge, scalg, and
other particylate mattér. These can cause wear to be accelerated. Such effects lead to the loss of meter
linearity, an |ncrease in non-repeatability, or possibly both effects together.

6.7 Two-component operation

Two-component operation (e.g. oil and water) might be possible, but care should be exercised to avoid
significant viscosity influences. When light oils and water mix, the resulting viscosity of the emulsion
formed can be quite different from that of the individual component viscosities. In such cases, proving at
operating conditions is strongly recommended. The presence of water in the mixture can also promote
corrosion of key surfaces or components within the meter. Regular inspections are recommended in
these cases. The operating nature of PD meters does not permit liquid component differentiation; so
water content cannot be determined directly.

6.8 Pulsating and fluctuating flow

Pulsations in the flowing fluid can affect the performance of a displacement meter. The extent to
which this affects the meter is dependent on the amplitude and frequency of the fluctuation, and the
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interaction with the particular meter design. Extreme pulsation or fluctuation can damage the meter,
or cause measurement errors if a "harmonic" frequency is experienced.

By their nature, displacement meters introduce pulsations to the flowing fluid, and this should be
recognized particularly if used as reference flowmeters to calibrate other devices.

7 S

7.1

The iy

the nf
diffen
metel
be in
Claus
metel

The i
vapou
or vaj
press

If the

installed at both ends of the metering section. All materials of construction in contact with

shoul

Facto
in ord

ystem design

Design considerations

laximum working pressure over the decided temperature range, and the liquid
ent liquids) to be measured. Protective devices should be installed where necessary

stalled in parallel. The installation should provide facilities for the proving of eac
e 10). Where reliability is important, the meter system design often in¢ludes a spaj]
run.

hstallation should be designed to ensure maximum and reliable operating life. Filte
r/air eliminators or other devices should be provided upstream’ of the meter so th
pours which are present do not affect volumetric measurement uncertainty. The syst
ire should be adequate to ensure that the liquid being metéred will be in the liquid stat

installation operates with flow in both directions, ancillary equipment, such as filte

d neither be affected by, nor affect, the meteredliquid(s).

er of importance, but are for general guidance only.

0 maximum),
(or range of
Lo ensure the

operates within design limits. Where a large flow measurement range is required, meters should

h meter (see
e or standby

rs, strainers,
ht any debris
b operating
e at all times.

s, need to be
the liquid(s)

's which should be considered at the design'Stage are listed in Table 1. These paramfeters are not

© IS0 2017 - All rights reserved

15


https://standardsiso.com/api/?name=06910dd4d14715240098fc9550c231ba

ISO 2714:2017(E)

Table 1 — Factors affecting the selection of displacement meter type

Category Items for consideration

1 |Performance considerations Desired level of overall performance

Desired level of linearity

Desired level of repeatability/reproducibility
Range of operating flowrates

Maximum pressure drop allowed

Response time

Output characteristics

2 |Installatfion considerations Pipework orientation

Line size

Provision of ancillaries
Presence of pulsation/vibration
Location access for servicing

Electrical power and connection fequirements

3 Liquid pfoperty considerations Pressure range

Temperature and viscosity‘range
Lubricity

Compressibility effects

Liquid abrasiveness
Corrosive-ndture

Presence’of other phases

4  |Environmental considerations Ambient temperature effects
Effect of humidity
Electrical interference

Presence of hazardous atmospheres

External corrosive effects

7.2 Selection of displacement meter type

The type of dlisplacement meter should meet the defined performance criteria over the range of
and liquid property-chianges. Each of the conditions listed in Table 1 should be addressed. Any or
these can in
sought to en

flows
all of

lluence-the performance of the meter system. The meter manufacturer's advice shotild be

rating

ure the correct selection of metering element design, bearing material, pulse gene

vVSTeinr o C c & C . dUlU U

and collectio¥ oHowingfacto ottdbe-considered:
a) operating flowrate, uni-directional or bi-directional, continuous, intermittent or fluctuating;
b) fidelity and security of pulse data transmission systems (see ISO 6551);

c) existing space and method by which a bank of meters can be put online, or taken offline;

d) the method used to prove that meter is in situ or by removal;

e) the signal amplification and conditioning system;

f) the use of automatic temperature, viscosity and flowrate compensation equipment;

g) types of readout, computer or print devices to be used;
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h) meter readout or pulse generator resolution for measurement and calibration.

Experience has shown that certain types of displacement meter are selected based on the liquid type.
For example, in low viscosity service, where low pressure losses are required, the design of the rotating
meter selected is usually one with fixed clearances between the rotor blade tips and the body housing.
This is operationally robust with lower maintenance costs. Where high turndown is required with a
low viscosity influence, higher pressure drop meters with carbon vane tips are preferred. These could
be subject to higher wear on the vanes or more prone to damage from effects such as pipeline scale.

For higher viscosity duties, the choice of meter can be influenced by the viscosity of the oil when
starting the meter. Oils, which are semi-solid at ambient temperatures, can cause damage to vanes or
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\ / R
Key
1 two sensgrs on flowmeter 7  flow computer
2 amplifiery 8 input and output™o flow control valves and |meter
3 pressure pensor prover
4  temperatfire sensor 9  output: flowrate, total volume, standard volunje, and
5  densitombter mass;{ransmission to storage, displays, printers and
N reporting
6  pulse conpparator circuit

Figure 6 — Electronic ancillary equipment for use with displacement meters

7.3.2 Mechanical accessories

Displacemenft meters are available_{vith a wide range of mechanical accessories. These irclude
readout devices and counters, both kesettable and non-resettable, mechanical compensators and gear
boxes that change readout unitsi The output shaft may also drive pulse generators. Gear boxes and
mechanical gompensators are‘nermally installed between the rotor assembly and the readout device.
The shaft enfoder or pulse-generator is best installed directly onto the output shaft so that the(pulse
train generafed can be directly fed into the secondary electronics for compensation and processing.
If electronic [processing\is unavailable, the pulse generator may be fitted after the meter gearbgx and
mechanical dalibrator:

7.3.3 Pulsp@enerators and secondary electronic instrumentation

Pulse generators are commonly employed on many designs of displacement meters, to provide an
output signal to the counter. There are many types, but the method of attachment should be carefully
noted. A major source of error experienced in using reference meters has been the position of the pulse
generator in the system. Many manufacturers attach the pulse generator onto secondary shafts geared
to the main rotor shaft. This usually results in poor short-term repeatability due to backlash in the
output gear train. For high-resolution operations, the pulse generator should be directly attached to the
main rotor shaft without gearing. The positioning of a pulse generator after a non-continuous calibrator
mechanism should be avoided.

The output shaft of some meters (e.g. oval gear meters) does not rotate at constant angular velocity at
constant flowrate. This could also apply to other types, where the output shaft is connected to external
gears. This can lead to high degrees of both inter and intra rotational non-linearity, which give high
repeatability problems when used with pulse interpolation, and if inadequate number of complete
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metering element rotations or cycles are used for measurement or calibration. In extreme cases, this
variation can give rise to false flowrate indications or fluctuations, particularly at low flowrates.
Careful design of the pulse generator or drive connections might be required.

On some types of displacement meter, it is preferable to use low torque devices or optical encoders. This
reduces drag, hence, improves the measurement range and linearity of the meter. Other types of meter
might require a positive torque (drag) to be applied by the encoder to improve meter performance
and avoid spurious pulses when the flow is stopped or fluctuates. Sometimes, a reed switch can be
employed to indicate the complete revolutions to aid in the monitoring of individual pulses during each
revolution of the meter. This may be used as an indication but lacks the resolution required for accurate
measurement.
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Ctim is the correction factor for the liquid temperature;

Cplm is the correction factor for pressure on the liquid;
Ctsm is the correction factor for the temperature effect on the meter body;

Cpsm is the correction factor for liquid pressure effect on the meter body.

Corrections for the effect of temperature and pressure on the meter body, Ctsm and Cpsm, although used
in some countries, are no longer recommended. These two additional terms are only used when meters
are not re-proved when significant changes in temperature and pressure occur between the provings.
Local operating practice should be followed to determine which constants are acceptable.

Common methods for calculation and rounding of the calculations should be applied where required.
Further guidance is given in ISO 4267-2.
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8 Installation aspects

8.1 General

This clause includes details for the installation of metering systems incorporating displacement meters.
Due to the mode of operation of physically dividing the flow into discrete pockets, displacement meters
are very tolerant of changes in upstream and downstream flow conditions. Meter performance is largely
unaffected by velocity profile, swirl and other hydraulic disturbances with the exception of pulsating
flow. There are cases, however, where severe swirl can change the impact loading on the metering
element and cause changes in clearances between components. In these instances, meter error might
increase.

8.2 Instaljation pipework

The meter should be installed so that it is full of liquid at all times. As most displacement metefs are
unaffected by flow profile, disturbance due to upstream devices (bends, etc.) genefally do not pffect
the performance. As a result, meter runs can be as short as practical. It is usually acceptable tq have
devices suchfas valves, flow controllers, filters or air eliminators mated to the meter inlet and/or putlet
flanges withput degrading meter performance. It is prudent, however, to allow one to five diameters
of upstream [pipe to avoid all possibility of a disturbance, allow flexibility toremove componentp, and
provide location for pipe support.

A typical insfallation is shown in Figure 7.

5
il_ _________________ _|
1 2 4 6

SN

9

3
Key
1 inletisolgqtor 6  meter
2 strainer-fijlter 7  isolators for proving
3 drain 8 double block and bleed valves
4  air eliminjator/separator. 9  flow control and shut off if air detected
5 ventand gas detectionswitch

Figure 7 — Typical PD metering package for liquid measurement

Where multiple meter runs are employed, it is important to ensure that the inlet pressures are balanced
in each line to avoid excess flowrates through individual meters. As a guide, the minimum header cross-
sectional areas should be 50 % greater than the sum of the areas of the individual meter tubes. A fully
hydraulically balanced inlet header is shown in Figure 8. Installation with zero velocity zones at the end
of the inlet or outlet headers should be avoided.
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Key

1 inletisoldting valve- full bore ball valve 4~, double block isolating valves

2 pressure felief bleed valve. 5 airvent/bleed and drain valves
3 flow contfol/balancing valve 6 flowmeters

Figure 9 —~Parallel meter runs and valves

8.3 Flow pulsation

Pulsating flows should be avoided, as they can cause the meter to over-read and can also cause mechanical
damage. Conpmon sourcés/of flow pulsation are oscillating valves and regulators, reciprocating qumps
or hydraulic|oscillationYcaused by poor pipework design. Pulsation effects can be reduced thfough
the use of pylsation-dampers or by long lengths of pipe between the pulsation source and the ineter.
Alternative dquipraent can include surge tanks, expansion chambers or pressure limiting valves.

Certain typ :
occurs, it might be necessary to add pulsatlon dampers downstream of the meter.

8.4 Electrical installation

All electrical or electronic equipment which could be installed in potentially hazardous areas should be
selected and applied in accordance with the manufacturer's guidelines and existing safety standards.
Installation, earthing, and maintenance procedures should be strictly followed for each component
in the system. Where portable electronic or electrical calibration is required, the following should be
addressed:

a) safe system of work, including permits;

b) power supply and earthing requirements;
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c) sequence of connection and disconnection;

d) specific installation operating procedures.

8.5 Pulse security

When appropriate, the pulse security system should be designed in accordance with ISO 6551. Care
should be exercised in the data transmission system so that the signal amplitude can be maintained at
the highest level whilst reducing the magnitude and influence of the noise. This can be attained by:

a) limiting the length of the transmission line between the meter and data readout or acquisition system;

b) uke of the recommended cable with suitable impedance;

c) upe of a pre-amplifier at the meter;

d) epsuring the correct supply voltage to the pre-amplifier and not introducing'an unaccgptable ripple
characteristic;

e) aftention to the presence of potential differences in the electrical syStem due to the lagk of earthing

]

I through earthing at two points.

9 EHEnvironmental considerations

9.1 |General

The ambient conditions and possible variations expected around the meter should be taken into account
in thg design of each displacement meter systemyused for liquid measurement. This clayse discusses
some|of the more important parameters.

It is ysual to locate the electronics away.from the meter in those cases where ambient temperature
effectls are severe. In cases where electronics cannot be mounted remotely, the use of emperature-
contrplled housings should be consideréd.

9.2 |Electrical interference

Outpuit signals from displacement meters fitted with pulse generators and remote electfonics can be
susceptible to the preserice of large power sources. These power sources (e.g. cables, elgctric motors
or swjitchgear) can produce surges in the cables that are detected as additional unwanted pulses from
the meter.

The use of shortiwave radio transmitters near the meter causes similar problems. Signal ¢ables should
be ropted well away from power sources to minimize electromagnetic and radio-frequepcy interface
(cominonly‘called EMI or RFI) effects. Shielding is also recommended.

9.3 Humidity

High humidity can accelerate atmospheric and electrolytic corrosion, and can also lower electrical
insulation. Low humidity can induce static electricity. Problems with humidity can be caused by rapid
ambient or process temperature changes. The user should be aware of the range of expected humidity
variations and check that this does not lead to operational difficulties.

9.4 Safety
In applications within hazardous environments, meters should be selected with regard to electrical

area classification, atmospheric compatibility, and other safety regulations, local or standard, which
can apply. Of these, the area classification is the most important, and all equipment will be expected to
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conform exactly to the appropriate hazardous area rating. The use of explosion-proof, intrinsically safe,
or other types of equipment might be appropriate.

10 Calibration

10.1 Proving and verification

The term "proving" refers to a calibration resulting in a determination of the performance indicator of
a meter under test and showing (proving) that it performs to a defined acceptance criteria. For positive
displacement meters error, meter factor or K-factor may be used as the performance indicator. Proving

is a term u
requirement
Proving is u
ensure that 4
has a similarn

Guidancereg
for fiscal/cus

10.2 Gener

Proving con
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measuremer
providers be
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| proving and proving method produces a result with an uncertainty defined..Verifi
definition and is usually associated with meters complying with trade regulation.

arding how to interpret the results of a calibration or proving, and examples of accept3
tody transfer operations are given in Annex A.

al considerations

bists of passing liquid through the meter under test, and comparing the reading v
ume measurement of lower uncertainty than that,expected from the meter unde
e will be connected in series. The reference should“be traceable to appropriate na
t standards. It is preferred that proving systems, calibration laboratories, or s
accredited to ISO/IEC 17025. Calibration cettificates for the flowmeter should ir
regarding the test, traceability, and the estimated uncertainty. The reference can
ric or gravimetric type and either open or closed to the atmosphere, depending d

application and the liquid vapour pressure.

10.3 Proving conditions

Any displacg
laboratory, ¢
should be ag

ment meter should be proved, in situ, in a central proving facility, or in an accre
Fithin the range of flowrates for the duty. The properties of the liquid used in the pr
close as possible to,that expected in normal operation over the range of tempera

pressures, and viscosities to be-encountered. The orientation of the meter should be the same d

the proving ¢

s during operatjonn

10.4 Proving methods

Proving in th
described in
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r proving are usually defined in regulation, contracts, local procedures or standards.

and

ice to
ration

bility

vith a
" test.
tional
Prvice
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tures,
uring

[SO4185, or by using master meters, which have been proven against accepted refe

standards. Irr

the first of these methods, the flow is zero at the start and end of each run. The re

e laboratory can be carried out using volumetric start-stop methods, dynamic meth¢ds as

rence
ading

of the meter 1s simply compared with the reading from the reference to determine the error at each
proving flowrate. In the dynamic method, liquid passes through the meter at the desired flowrate at all
stages of the proving.

For field proving, volumetric start-stop methods, master meters or pipe provers can be used. Pipe
prover devices can be the conventional sphere provers (either folded or straight pipe), or small volume
(compact) provers. Small volume provers can be used to prove positive displacement meters, but, in
many cases, can give rise to poor repeatability. To prove correctly, the pulse generator should give an
even pulse period, provided from a direct drive mechanism which has little or no cyclic variations.
Many designs, however, do not provide this. Pulse generators driven from the gear box output should be
avoided. Several rotations of the measuring element should be completed in each proving pass.

A master meter which is used to prove a displacement meter should have its meter factor or meter
K-factor determined, with the liquid and operating conditions as close as possible to those normally

24 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=06910dd4d14715240098fc9550c231ba

ISO 2714:2017(E)

encountered. Master meters are normally installed downstream of the meter to be proved. Volumetric
tanks are not recommended for proving if the liquid has a high vapour pressure at line temperature,
since this can result in a significant loss due to evaporation.

10.5 Proving frequency

There are no fixed guidelines on the frequency of either laboratory or field proving, both of which depend
on the required uncertainty and acceptance of risk for the measurement. Local, company, regulatory
or contractual guidelines on the frequency of proving might be in force. A risk-based approach can be
employed, where the additional financial exposure caused by meter drift over time is compared with
the cost of calibrating or proving the meter. A judgement can then be made on the calibration frequency.

the meter is
expectation

This fan be combined with a meter-performance-based approach where the history of
monitored, and the proving frequency can be adjusted, prolonged or reduced, based.on thg
of potlential change.

In thdse cases where liquid density, viscosity, temperature or pressure mightchange rapig
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magnjitude of the changes.
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For a
be ne
ISO 4

new metering installation, when in-situ proving is used, frequent (daily or weekly) proving can
Cessary to establish meter factors for use in control charts {S€e 11.4). Further guidanice is given in
| 24, which can be used to establish proving frequency.

For ipstallations where flowrate and liquid properties are constant, proving might only need to be

perfo
been

Fmed at three-, six-, twelve-month or longer intervals, after confidence in the meter
Heveloped.

se cases where meter maintenance has béén performed, the meter should be pro

In th
operJting measurement range before being returned to service. The fixed proving freque
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Monit
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oring of a process mass balance'or comparison with other measurement points ir
so be used as an indication that’a meter might have changed performance and in
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11 Qperation and maintenance

11.1|General

ment meter
accessible to

This |clause covers recommended operating and maintenance practices for displacs
installations.\All operating data pertaining to both measurement and proving should be
intergsted parties.

11.2 Ynitiatstart-up
When placing a new meter in service, means should be provided to protect the meter from damage
and malfunction arising from over-speeding or the influence of foreign matter such as thread cuttings,
pipe debris, weld spatter, or similar material arising from the construction. Means of accomplishing
mechanical protection are the use of a temporary by-pass, temporary spool pieces, or the installation of
a protective device upstream to collect the debris.

Over-speeding can damage either the bearing, or the measuring element, unless care is exercised
during start-up. The line should be filled slowly by allowing line pressure to rise slowly with the
downstream valve being closed. Any gas that is present should be vented. Once the pressure is stable,
the downstream valve can be opened slowly to allow flow to start.

© IS0 2017 - All rights reserved 25


https://standardsiso.com/api/?name=06910dd4d14715240098fc9550c231ba

ISO 2714:2

017(E)

11.3 Meter maintenance

Meters should be maintained, in accordance with the manufacturer's instructions. A full maintenance
policy should be established in conjunction with all interested parties, where the key components can
be identified. Normally, positive displacement meters can be expected to perform well for long periods
if operated within agreed limits. Indiscriminate adjustment or disassembly is neither necessary nor
recommended.

Because of the many different designs, the variety of ancillary equipment and the range of liquid
properties that can be metered, it is difficult (and often inadvisable) to establish a maintenance
schedule for all 1nsta11at10ns It is best to determme when to 1nspect or repalr the meter from control

chart data fo
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Correct perft
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To ensure t
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change in op
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11.4 System diagnostics and control charts
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Figure 10 — Example of control chartsfor fault diagnosis
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Annex A
(informative)

Specification of performance

A.1 General

The performpnce specification, or expectation, is normally defined by regulation, contract agréerents,

or the user
expected perfformance of the product.

r a particular application. A manufacturer can also provide a specification tqdetdil the

To be accepted for trade, a meter has to be approved by the national trading standards authority. This
is usually thifough a "type approval” followed by a system verification. Type approvalof the meterf type,

pattern or
granted by pnother authority. The specification for the testing usually ¢olows the interna

odel is granted through testing by the national authority, or by acceptance of an approval

tional

guidance giyen in the appropriate OIML recommendation (e.g. R117[14] covering type approvdl and

verification §nd a wide range of characteristics of the meter from design and labelling to mech
and EMC performance including the flow metering performance).

For fiscal or custody transfer applications, particularly for hydrégcarbon transactions, the regula

hnical

tor or

approprlate ontract agreements specify the expected performance. Both initial (factory accepgtance

subsequent verification (site acceptance testing) are generally required, follow
ongoing verification at defined intervals. The specificationimight or might not require a trade-app,
meter to be ysed.

Itis important that for any application, the verification or approval covers the conditions of temper
pressure, angl viscosity for the duty.

While the document covers many aspects of the meter performance, there are only a few aspects

ed by
roved

hture,

Wwhich

relate to floy measurement, and these«are summarized within this annex. The normal performance
expectationg specified for most trade,fiscal, and custody transfer meters in the hydrocarbon industry

are illustratdd as a guide to expectations.

A.2 Performance criteria

A.2.1 Meapurementirange (flowrate)

The meter souldshave a specified measurement range of flowrates across which it remains with
specified lingarity: This can vary with viscosity or a specified linearity. It would be expected
meter wouldlhave a measurement range (ratio of maximum to minimum flowrate) of not less th

in the
hat a
n 5:1.

However, 10:1 would be the norm for lower viscosity hydrocarbons.

A.2.2 Linearity

A.2.2.1 General

Linearity is a measure of the deviation of the meter characteristic, or performance indicator, from a
defined functional relationship. The functional relationship provides a nominal value at any flowrate
across the measurement range of the meter. The nominal value may be calculated from a linear
relationship or a more complex function to give different nominal values at different flowrates. The

relationship in practice is usually a constant value (linear relationship with slope = 0).
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Linearity is expressed as the range of deviation from a chosen "nominal" value, i.e. the maximum (most
positive deviation) to the minimum (most negative deviation) as shown in Formula (A.1):

lin, =A 0% —Amin (A1)

where

liny  is the linearity range of values;

Amax is the most positive deviation from the nominal value at that flowrate;

in 1S the mostnegative deviation Irom the nominal value at that rlowrate;

Wher] multiple test points are taken at any one flowrate, usually to determine repeatabiljty, the mean
of eadh batch of results represents the value at that flowrate. This method provides a’realistic estimate
of the linearity.

Wherpe single points are taken at multiple flowrates across the measurement’range of the meter, Apax
and Ajyin can be estimated by using a “best fit” line placed through the points and taking the deviations
of theline from the nominal value(s).

Linealrity is usually expressed as relative to a nominal value andiexpressed as a * percentage value as
showh in Formula (A.2):

m:im (A.2)
2XN

where
lin  isthelinearity range of values relative to the chosen nominal value;
Anax is the largest (most positive).déviation from the nominal value at that flowrate;

Alnin is the smallest (most negative) deviation from the nominal value at that flowrat

1%

N is the chosen nominal.value.

It is the choice of the "nominal” value that is ill-defined in standards and varies betwgen different
practjces. The definition ef nominal value may also differ from the nominal value used tq define Apax
al’ld Amin.

Therd are a number of conventions used, and three have been outlined in A.2.2.2, A.2.2.3 and A.2.2.4.

If Amhx andAmin are based on a function, and not a constant, they should be recalculated as values
relatiye to_the nominal value at the appropriate flowrate.

A.2.2.2 Mid-range method

The convention advised in this document is an implementation of the "independent linearity" method
given in ISO 11631 and defined as the "mid-range" method.
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