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reword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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ent rights. ISO shall not be held responsible for identifying any or all 'such patent rights.

16911-2 was prepared by the European Committee for Standardization (CEN) in collabo

automatic determination of velocity and volume flow ratein ducts:
Part 1: Manual reference method

Part 2: Automated measuring systems

Technical Committee TC 146, Air quality, Subcommittee SC 1, Stationary source emissions

rnational Standards are drafted in accordance with the rules given in the ISO/IEC Diregtives, Part 2.

main task of technical committees is to prepare International Standards. Draft Infernational
ndards adopted by the technical committees are circulated to the memberybodies [for voting.

er bodies

bntion is drawn to the possibility that some of the elements of this document may be th¢ subject of

fation with

16911 consists of the following parts, under the generaltitle Stationary source emission§ — Manual
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Introduction

EN ISO 16911-2 describes the quality assurance (QA) procedures related to automated measuring
systems (AMSs) for the determination of the volume flow rate of flue gas with a total uncertainty that
accords with the requirements of Commission Decision of 2007-07-18.[4]

The calibration and validation of flow AMSs are performed by parallel measurements with the reference
manual method described in EN ISO 16911-1.

The purpose of EN ISO 16911-2 is to secure flow monitoring with a minimized uncertainty for use
according fo EUDITective 2000776/ EC,H EU Directive 20017807 EC, f2Hand EU Directive 20107 75/E (.15

The purpope of EN ISO 16911-2 is also to secure flow monitoring with an overall uncertainty equal
to or less than stipulated in Commission Decision of 2007-07-18[4] and establishing guidelines for|the
monitoring and reporting of greenhouse gas emissions pursuant to Directive 2003/87/ECA3

vi © ISO 2013 - All rights reserved
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Scope

S0 16911-2 describes specificrequirements for automated measuring system (AMS) flow 1
partly derived from EN 14181 which is the general document on the quality~assurance o
bplicable in conjunction with that document.

ISO 16911-2 specifies conditions and criteria for the choice, mounting, commiss
bration of AMSs used for determining the volume flow rate fi'gin a source in ductg
ams. EN ISO 16911-2 is applicable by correlation with the mantial reference methods d
SO 16911-1.

[SO 16911-2 is primarily developed for monitoring emissions from waste incinerators
bustion plants. From a technical point of view, it can-be applied to other processes for
measurement is required with a defined and minimized uncertainty.

Normative references

following referenced documents are indispensable for the application of this document
rences, only the edition cited applies. For undated references, the latest edition of the
ument (including any amendments)‘applies.

14956, Air quality — Evaluation of the suitability of a measurement procedure by compar
Lired measurement uncertagiity

SO 16911-1:2013, Stationary source emissions — Manual and automatic determination of \
me flow rate in ducts\= Part 1 Manual reference method

14181:2004, Stationary source emissions — Quality assurance of automated measuring syst

| 5267-3:200ZAir quality — Certification of automated measuring systems — Part 3: Performd
test procedures for automated measuring systems for monitoring emissions from stationary

15259, Air quality — Measurement of stationary source emissions — Requirements for m

nonitoring.

f AMSs and

oning and
d gaseous
escribed in

and large
which flow

. For dated
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ison with a
elocity and
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ions and sites and for the measurement objective, plan and report

3

Terms and definitions

For the purposes of this document, the terms and definitions given in EN 14181 and the following apply.

3.1

automated measuring system

AM

S

measuring system permanently installed on site for continuous monitoring of flow

Note 1 to entry: An AMS is a monitoring technology which is traceable to a reference method.

©IS
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Note 2 to entry: The AMS is a complete system for measuring flow rate, and includes the features required for

conducting r

3.2

egular functional checks.

cross-sensitivity
response of the AMS to determinants other than flow rate, e.g. caused by the presence of particulate
matter, changes in gas composition, duct temperature

3.3
linearity
lack of fit
systematic[deviation, within the range of application, between the accepted value of a flow referdnce
material agplied to the measuring system and the corresponding measurement result produced by the’/AMS
Note 1 to enftry: The linearity test is described in EN 15267-3:2007, Annex B.
3.4
limit of detection
minimum palue of the measurand for which the measuring system is not in the.basic state, with a
stated probability
Note 1 to enftry: Basic state is normally the zero reading or the minimum measured by the instrument.
3.5
period of ]:nattended operation
maintenance interval
maximum |nterval of time for which the performance characteristics remain within a predefined range
without exfernal servicing, e.g. calibration or adjustment
3.6
reproducipility under field conditions
measure of the agreement between two measurements in field tests at a level of confidence of 95 %
expressed ps the standard deviation of the differerice of paired measurements:
n
2
Z(XII_XZI') 1)
—A\lI=t
Sp=\1
2n

where

x1i is the ith measurement result of AMS 1;

Xx2; is the ith nfeasurement result of AMS 2;

n is themumber of parallel measurements.
Note 1 to entry: The absolute reproducibility in the field, Rf aps, is calculated according to:

Rt abs = t0,05(N - 1) X SD (2)

where

to,05(N-1) is the two-sided Student ¢-factor at a confidence level of 0,05, with N - 1 degrees of freedom.

Note 2 to entry: Adapted from EN 15267-3:2007.

© ISO 2013 - All rights reserved
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3.7

standard reference method

SRM

method described and standardized to define an air quality characteristic, temporarily installed on site
for verification purposes

Note 1to entry: For the purposes of ENISO 16911-2, the manual reference methods are described in ENISO 16911-1.

3.8
flow reference material
surrogate for flow for testing the AMS performance

Note¢ 1 to entry: A surrogate for flow is normally the parameter measured directly by the instrument,¢lg. pressure,
tim¢ delay, temperature, heat dissipation or frequency.

3.9
lower reference point
output of the instrument in response to an internally generated function, intended to represemt a defined
amount of the measured flow at or close to the lowest flow rate that the'system can meaqure with a
giv¢gn uncertainty

3.19
upper reference point
output of the instrument in response to an internally generated function, intended to represent a defined
amount of the measured flow at or close to the highest flow rate the system is intended to measure in a
given installation

3.1

flow profile
represented by two diagrams showing the gas.velocity in the axial direction along a line acrdss the duct
pasping through the centre of gravity of the duct, and a line perpendicular to the first

Not¢ 1 to entry: The gas velocity is expressed.in m/s.

3.12
crept factor

peak-to-average ratio
chafacteristic of a flow profile;calculated from the measured peak value of each flow profile[divided by
thejaverage value of each-flow profile in the primary and secondary monitoring paths

Not¢ 1 to entry: If the mi€asurement is made according to EN ISO 16911-1 and EN 15259, each mleasurement
represents the same area of flow in the duct, and the crest factor divisor can be calculated from a sinpple average
of the individual meaSurements.

Notg¢ 2 to enfry: Crest factor shall be calculated for both flow profiles, the primary and secondary| monitoring
paths, which'are perpendicular to each other.

3.1
skewness
measure of asymmetry defined as the total flow to the left of the centre of the duct divided by the total
flow to the right of the centre of the duct, or the inverse thereof, whichever is larger than 1,00

Note 1 to entry: If the measurement is made according to EN ISO 16911-1 and EN 15259, each measurement
represents the same area of flow in the duct, and the skewness can be calculated from a simple average of the
individual measurements, not including a possible measurement in the centre of the duct.

Note 2 to entry: Skewness shall be calculated for both flow profiles, perpendicular to each other.

3.14
swirl
also referred to as cyclonic flow, is the tangential component of the gas velocity vector

© IS0 2013 - All rights reserved 3
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3.15

certification range

range over

which the flow monitor has been tested

Note 1 to entry: The certification range is normally from zero, if the instrument reads zero, or from the lower
reference point, if the instrument does not read zero.

Note 2 to entry: The flow monitor is tested according to EN 15267-3 and EN ISO 16911-2.

3.16
primary monitoring path
lfi)ne across|the duct through the centre and where the maximum velocity is expected to be found
3.17
secondary monitoring path
lsine across|the duct through the centre perpendicular to the primary monitoring path
3.18
Reynolds humber
Re
Re=pv,, d
Ndyn
where
p s the gas density, in kg/m3,;
Vm s the gas velocity, in m/s;
d s the duct diameter, in m;
Ndyn s the dynamic viscosity, in Pas
4 Symbols and abbreviations
4.1 Symbpols
a intercept ofthe’calibration function
b slope of.the calibration function
D; difference between measured SRM value y; and calibrated AMS value y ;
Dave average of Dj
D amount by which the AMS has to be adjusted when drift is detected
d duct diameter
ky, ky(N)  testvalue for variability (based on a y2-test, with a f-value of 50 %, for N numbers of
paired measurements)
n number of paired samples in parallel measurements
qv volume flow rate
4 ©1S0 2013 - All rights reserved
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R2 coefficient of determination from a linear regression

Re Reynolds number

Rfabs absolute reproducibility in the field

SD standard deviation of the differences D; in parallel measurements

togs(v-1) two-sided Student t-factor at a confidence level of 95 % with N - 1 degrees of freedom

to,05(Nn - 1) _two-sided Student ¢t-factor at a confidence level of 5 %, with N - 1 degrees of freedom

VAVG weighted average of velocity across a monitoring path

vL, Ava weighted average of velocity to the left of the centreline

VL, 12 % velocity measured at a point 12 % of the diameter from the duct wall to the left ¢f the cen-
treline, L12 o

VPEAK peak velocity value on the monitoring path

Vm gas velocity, in m/s

VR, AVG weighted average of velocity to the right of the centgeline

VR, 12 % velocity measured at a point 12 % of the diameter from the duct wall to the right of the
centreline, R12 o,

X measured signal obtained with the AMS\at AMS measuring conditions

Xj ith measured signal obtained with.the AMS at AMS measuring conditions

XAVE average of AMS measured signals x;

X1i ith measurement result(of AMS 1

X2i ith measurement result of AMS 2

y result obtained\with the SRM

YAVG average of the SRM results y;

Yeal bestestimate for the “true value”, calculated from the AMS measured signal x byl means of
thescalibration function

Ndyh dynamic viscosity, in Pa s

p gas density, in kg/m3

00 uncertainty derived from requirements of legislation

4.2 Abbreviations

AMS automated measuring system

AST annual surveillance test according to EN 14181

CFD computational fluid dynamics

ELV emission limit value

© IS0 2013 - All rights reserved
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SRM standard reference method

QA quality assurance

QAL1 quality assurance level 1 according to EN 14181

QAL2 quality assurance level 2 according to EN 14181

QAL3 quality assurance level 3 according to EN 14181

5 Prindiple

5.1 General

To achieve] the uncertainty required by the relevant EU Directivesl1]-[3][3] and the,E¥ Commis

Decision,[4
EN ISO 169

assuri

establi

assuri

Noting tha|
test (AST)

EN ISO 16

see Clause

5.2 Imp

The uncert
of the plan

10 % fi

5% fo
— 25%

These unce
monitoring

The uncer
errors and

7,5 % flor tier 2;

the focus of EN ISO 16911-2 is the systematic error.
11-2 allows three different ways of achieving high accuracy:
hg correct installation by means of a pre-investigation, see 7.2;
shing that a fully developed flow profile is present, see 7.3;
hg correct measurement by a quality assurance level 2 (QAL2), see 7.4.

L, if a pre-investigation has been performed, the subséquent QAL2 and annual surveilld
may be reduced in scope, see 9.1 b).

D11-2 also introduces some extra requirements to type testing according to EN 1526
6.

prtance of minimizing systematicerrors

ainties required in Commission*‘Pecision of 2007-07-18,[4] 2.1.3, are dependent on the “4
f and shall be:

br tier 1;

- tier 3;
or tier 4.

brtainties include the uncertainty for both concentration monitoring and volume flow
, and are uncertainties for the yearly mass emission.

bion

nce

ier

rate

tainty of any measurement 1s combined from the uncertainties originating from ran
systematic errors.

om

Since the random error component can be reduced by repeated measurements, and the factor it is
reduced by, according to the general theory of propagation of errors, is the square root of the numbers
of measurements, the random error component of the yearly average is negligible. For example, the
yearly average is combined of (ideally) up to 17 520 half-hourly averages, in which case the uncertainty
originating from the random error component carried from the individual half-hourly average is reduced

by a factor

of around 132.

However, the systematic error is not reduced by repeated measurements.

© ISO 2013 - All rights rese
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In flow monitoring, systematic errors originate from a series of sources, e.g. changing flow profiles
under plant operating conditions not covered by the calibration function or changes in the monitoring
system, caused by contamination, blocking of holes, drift in electronics, and general wear and tear.

EN ISO 16911-2 therefore focuses on reducing the systematic error of each individual measurement.

Specifically, a pre-investigation test is recommended in order to assess whether the flow profile
changes under different plant operating conditions and this test is used for the selection and
configuration of the AMS.

5.3 Rplnfinnchip to EN 14181

EN [SO 16911-2 is applicable in conjunction with the general document, EN 14181, on qualityf assurance
(QA]) of AMSs and provides indications which are specific to flow measurements.

EN [SO 16911-2 follows, as far as possible, the structure of EN 14181, with the cawéat that tHe emission
lim{t value (ELV) and the uncertainty limit specified as a 95 % confidence intexrval for flow monitoring
arenotstated inany EU Directive. Since these data are required by the procedupe prescribed ifi EN 14181,
suggestions for surrogate values are given in EN ISO 16911-2.

If a|pre-investigation has been performed, the number of paired méasurement points required for a
calipration is reduced.

An plternative calibration method has been added (method D) using linear regression and forcing the
regression line through the zero point.

6 |Type testing, quality assurance level 1:data
6.1| Introduction

6.1J1 General

Accprding to EN 14181 and EN 1526%[6] the flow monitoring system shall consist of all necessary parts to
keep the flow monitor operatingtwithin a specified uncertainty. These components shall inclyde, but are
not|limited to, necessary air-purging systems and auxiliary equipment to control continued operation
within the stipulated uncertainty.

Either 6.1.2 or 6.1.3 applies as appropriate.

6.12 Requirements within the European Economic Area

Therelevantperformance characteristics ofthe AMS shall be documented by the manufactureyand/or his
Eurppean Fepresentative by suitability tests performed according to the relevant European §tandards.

6.1{3’Requirements outside the European Economic Area

The relevant performance characteristics of the AMS shall be documented by the manufacturer by
suitability tests performed according to the relevant standards.

6.1.4 Conclusion

Thesetestsare usually carried outin the framework of certification or type approval procedures according
to EN 15267,[6] and the AMS delivered to the plant shall have the same characteristics as the tested devices.
The tests comprise of a separate laboratory test and a 3 month field test in a typical application.

The test report shall include the total AMS uncertainty calculated according to EN 14181 and ISO 14956.

© IS0 2013 - All rights reserved 7
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6.2 Performance criteria

The requirements for the test results are developed from EN 15267-3 and stated in Table 1 and Table 2.

EN 15267-3 requires the manufacturer to describe, and the test laboratory to assess, the quality
assurance level 3 (QAL3) functionality.

ENISO 16911-2 alsorequires the manufacturer to describe and the testlaboratory to assess the capability
of the AMS to be linearity tested as a part of the functional test. If another test, other than the linearity
test, is assessed and certified by a test laboratory, that test is sufficient as part of the functional test.

The manu ent
uncertaintj, e.g. gas temperature, change in specific mass and/or specific heat capacity, gas compgsitfion,
gas pressufe, as well as any method of compensation.

Interferenge tests shall be performed and the sensitivity coefficients shall be calculated and repofted
according fo EN 15267-3.

Using test fesults from the type approval certificate according to EN 15267-3 and\ISO 14956, the total
uncertainty, systematicand random, of the results obtained for the flow AMS shall bé calculated and reporjted.

6.3 Flow reference material or procedure

Most volume flow rate monitors measure flow indirectly using an associated parameter, e.g. differertial
pressure, Heat loss or transit time, in which case a flow reference.material or procedure is used to fest
these parameters.

The part of the monitor not tested by the reference materialorprocedure shall be tested by a procedure
described by the manufacturer and assessed and documentéd during the type approval.

functionality challenges all or as much of the AMS.as possible with a repeatable reference value and a

The test l]Eoratory shall assess whether the flow réference procedure provided for testing the AMS
certainty, see Table 1 and 2.

specified

Taple 1 — Automated measuring system performance criteria in laboratory tests

Performance characteristic Performance critetia

Response tjme <60s
Repeatability standard deviation-atlower reference point <2,0 %a
Repeatability standard deviation at upper reference point <2,0 %a
Lack of fit <3,0 %a
Lowe;ri refefence point shift due to ambient temperature change from 20 °C within <5.0 %a
specified rgnge ’
Uppe_r_refel encepoint shift due to ambient temperature change from 20 °C within <5.0 %a
specified rqnge ’
Influence of voltage at +15 % and at -10 % from nominal supply voltage <2,0 %a
Influence of vibration <2,0 %a
Assessment of QAL3 check capability Passb
Assessment of linearity check capability Passb

aPercentage value as percentage of the upper limit of the certification range.

bThe test house shall assess the possibility for the test procedure as described in 6.2.

8 © IS0 2013 - All rights reserved
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Table 2 — Automated measuring system performance criteria in field tests

Performance characteristic Performance criteria

Coefficient of determination of calibration function, R2 >0,90
Response time <60s

Period of unattended operation (maintenance interval) =8 days

Lower reference point drift within maintenance interval <2 %a

Upper reference point drift within maintenance interval <4 %a
Availahility =95 %
Reyroducibility, R¢ <3,3|%
aPefcentage value as percentage of the upper limit of the certification range.

6.4 Quality assurance level 1 calculation

6.4]1 General

Either 6.4.2 or 6.4.3 applies as appropriate.

6.4{2 Requirements within the European Economic Area

Theg AMS shall be approved and certified according to EN:15267-3 and the additional requirements in
EN |SO 16911-2.

6.4{3 Requirements outside the European Economic Area

Theg AMS shall meet the requirements specified in EN 15267-3 and the additional requifements in
EN [SO 16911-2.

6.4/4 Conclusion

The instrument configuration_shall be audited by the test laboratory during type testing, and this
audiiting shall include the geometrical configuration, including measurement of the duct crosgs-sectional
areq and any reference quantity with an influence on the flow monitoring result, e.g. changes in flow
profile, changes in température, changes in pressure, changes in gas composition, and contamination.

All |of these influenices shall be estimated within a combined expanded uncertainty, calculated as
desfribed in ISO14956.

The test labgratory shall assess the influence of the change in flow profile on the flow monitpr reading.

NOTE This facilitates the end user to estimate the expected flow profile influence, when the resuft of the pre-
invgstigation is known.

6.5 Velocity check points and quality assurance level 3

EN 15267-3 requires the manufacturer to provide a description of the methodology used by the AMS to
determine whether it is operating according to its product specification. This is made up of AMS checks
(automatic or manual internal zero point or lower reference point and upper reference point), combined
with an additional procedure, if the instrument checks do not challenge the whole measurement chain.

The test laboratory shall assess whether the mechanism for determining the internal reference points,
being at zero or defined lower reference velocity and upper reference velocity points, is as comprehensive
as is practical for the measurement technique used. The internal control combined with a procedure
shall be capable of detecting instrument malfunction, including problems caused by contamination and
internal drift.

© IS0 2013 - All rights reserved 9
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The manufacturer shall provide details of this procedure in the instruction manual describing how to ensure

the correct operation of the parts of the measurement not tested by the internal reference point checks.

The QAL3 test shall be made up of the reference point checks and, if required, the results of the

inspection

procedure.

7 Selection of automated measuring system location

7.1 General

The axial
the duct pe

It is strongly recommended that a pre-investigation be performed as described in Clause(8 in orde

characteri?
not advers

NOTE ’
test require

The pre-in
duct AMS 11

NOTE
competent
monitoring

’

This sectio

If moretha

7.2 Sele
A pre-inves

The locati
changes in

The propo
flow profil

rimeter may have a significant influence on the AMS performance.

re the flow so that the AMS can be located in a position where changes in the'flow profil
ply affect AMS performance.

o reduce costs, the pre-investigation can be done together with the investigation of the homogen
d by EN 15259.

restigation also enables the operator to determine whether a point AMS, probe AMS or cr
heasurement satisfies the uncertainty requirements of EN ISO 16911-2, see Table 2.

'he EU Directive 2010/75/EUIl2] states in Article 38, Section 3¥and in Article 48, Section 3, that *
huthority shall determine the location of the sampling orimeasurement points to be used for
pf emissions”.

his intended to be a guideline for operators to enable them to make a good engineering decis

ction based upon pre-investigation
tigation shall be performed accerding to Clause 8.
n shall be chosen to give-a:representative measurement that also minimizes influenc

the flow profile on the flow'measurement uncertainty.

b, quantified using\the crest factor and skewness of the flow profile as described in Anne

osition of the AMS on the duct (normally vertical) as well as its circumferential positi01|1 on

r to
b do

eity

DSS-

The
the

ion.

1 one AMS is being used, the AMSs shall be mounted so that they do notinterfere with one another.

e of

bed location and menitoring path(s) shall be determined based upon the recorded change in

K F.

The installer shall select.the AMS measurement location in accordance with the instructions given by

the manuf3
liaise with

7.3 Sele

cturer or.ifveonsultation with the manufacturer’s representative. The operator is advise
the competent authority to ensure this location meets with their approval.

ction based upon a predictable flow profile

d to

The position of an AMS may be decided without a pre-investigation if it can be positioned in a place where
the flow profile is fully developed and cannot change, and if it is accepted by the competent authority:.

This is normally achieved if all of the following criteria are fulfilled:

and at

10

least five times the hydraulic diameter from any downstream disturbance;

the flow has a Reynolds number larger than 10 000;
the duct has no movable dampers or guide vanes;

the duct does not have multiple feeds;

the monitoring pointisatleast25 timesthe hydraulicdiameter,away from any upstream disturbance,
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— the duct does not have off centre feeds.
If the above conditions are all met, any AMS should be suitable, including measurement at a single point.

NOTE For a fully developed turbulent flow, in a duct with a circular cross-section, the average flow is expected
to be identical to the flow at a point 12 % of the diameter from the wall.

In this case the QAL2 procedure may be performed according to Clause 9 with a reduced number of data
points.

If this installation does not pass the QAL2 procedure, as specified in Clause 9, even though the above

congitions—are fulfiled the procedure described-in 74 shall be used,or a pre-investigation shall be

carried out as described in Clause 8.

7.4 Qualifying the automated measuring system calibration through atype 2 quality as-
surance level 2 procedure

An pperator may opt not to perform a pre-investigation, e.g. where there(is-pre-existing [equipment
insflalled, provided that a type 2 QAL2 procedure is performed and passed.

Theinstallation can be approved according to EN ISO 16911-2 without having made a pre-inyestigation,
if the QAL2 calibration is performed with measurement points spread from the highest flgw rate the
plantis designed to operate at continuously, down to the lowest flow rate the plant is designed to operate
at cpntinuously (at least the flow rate so low, that is occurring lower no more than 10 % of|the plant’s
norpmal operation time or the point of minimum stable lead), and the calibration passes the criteria
desfribed in Clause 9.

NOTE This subclause does not remove the requirement of the operator to perform the duct ipvestigation
testp as described in EN 15259.

7.5 Ports and working platforms

Thg measurement ports and platforms-for the parallel measurements shall be located to gnsure that
thefe is no measurable interferencefbetween the SRM and the AMS.

Working platform(s) shall provide an easy and safe access to the AMS, to allow inspectipn and the
impglementation of QA procedunes (QAL2, AST and QAL3).

Thegworking platform forithe SRM shall comply with EN 15259 requirements related to the mangjial method.

8 |Pre-investigation of flow profile

8.1 General

The stability of the flow profiles, as the plant operating conditions change, is a major cohcern with
regards to flow monitor calibration. If the flow profile changes as the plant load condition ¢hanges, or
as dampers are operated, or as different duct inlets are brought into operation, this shall be taken into
account when deciding on the type of flow AMS to install, and when performing the calibration.

In order to minimize any systematic error associated with a non-representative measurement, it is
recommended that the plant operator measure or calculate any change in the cross-duct flow profile at
the AMS location as the plant operating conditions are changed. Therefore, either a CFD calculation or
pre-investigation by measurement of the change in flow profile under different flow conditions at the AMS
location shall be undertaken enabling the plant operator to make an informed engineering decision on
whether a single point AMS, an AMS with a limited path length, cross-duct single path AMS or cross-duct
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double path AMS measurement principle is sufficient for minimizing systematic error under the likely
conditions of the plant at the intended location, i.e. at different plant operating conditions and flow levels.

NOTE1 The predominant source of systematic error is the change in the flow profile. The major sources of
changes in flow profile are changes to the disturbances in the duct, or large changes in flow rate. At high gas
velocities, the flow profile is expected to be fully developed, and not to change profile even at higher gas velocities,
see Annex B for details of flow profile characterization. At lower gas velocities, the flow profile might develop
asymmetry and/or a higher crest factor, and consequently the relation between a point or line measurement and
the volume flow rate changes, which is identical to a change in calibration function.

The pre-investig
installatiop—post
influence dn the calibr

ation shall establish

the main ¢

haracteristics of the flow profile at the planned AMS
profite—are—tkely cettr—and-the—severt heir

ation function.

The pre-inyestigation shall always be undertaken as a part of the design phase before an AMS flow
monitor is pcquired and mounted.

NOTE 2  Rart of the pre-investigation process is identical to the EN 15259 investigation, anid can be comb}ned
with that tominimize costs.

A pre-investigation may be omitted as described in 7.2, in which case a type 2:calibration procedurg as
described in Clause 9 shall be used for any subsequent QAL2 and AST calibration.

A type 1 QAL2 and AST calibration procedure as described in Clause’ 9 may only be used if a pre-
investigatipn according to Clause 8 has been performed.

NOTE 3  The choice of not performing a pre-investigation accordingto Clause 8 does not in any way influ¢nce

the obligatipn to test the duct condition according to EN 15259.

8.2 Pre-investigation by measurement

8.2.1 General

The pre-inyestigation shall consist of at least tWio measurements performed according to EN ISO 16911-1,

each establishing the flow profile in the primary monitoring axis, and an axis perpendicular to this

The two measurements shall be perfofmed at two different plant operating conditions:

a) one where the flow profile is expected to be the most uniform, i.e. close to the highest possible fllow
rate arnpd with the least possible obstruction to the flow path;

b) one where the flow rateds so low, that it is not occuring lower more than 10 % of the plant’s norjmal
operatfion time or the point of minimum stable operation, combined with the maximum obstrucfion
to the flow path, &;g: closure of dampers or regulation of the fan blowers.

NOTE 1 Least.pessible obstruction means that the effects of any non-permanent obstructions|are

minimized pr removed.

If a plant hasTrotyetbeemrcommissioned; the fowest flow tevet stattbeestimmated from ptantdesigmdata.

NOTE 2  If an AMS is installed in a multi-inlet duct, it may be necessary to calibrate the AMS at different

production configurations since changes to the relative contributions of the individual inlets can produce different
calibration functions.

From the two measurements at high and low flow rates, the reproducibility of the normalized flow
calculated for each of the measuring planes shall be calculated, and crest factor and skewness shall be

calculated

for each of the four profiles.

From these data the AMS selection is evaluated as described in 8.4.

12
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At complicated installations, or those with the potential for the flow profiles to change with the operating
conditions (e.g. flow splitting immediately upstream of the duct), further investigations may be required
to fully describe the flow profile complexity.

8.2.2 Measuring flow profiles in a duct

The flow profile shall be measured in accordance with EN ISO 16911-1 which specifies that the
measurement points are selected in accordance with EN 15259 along the primary and secondary
measurement paths. EN 15259 also requires that the velocity is measured simultaneously at a fixed
reference point. The flow profile is calculated by correcting the individual measurements with the

1ot £]
I'ef’ TCTICCPOTIITTIIO VW,

8.2]13 Measurement method

The flow profiles shall be measured with an SRM as described in EN ISO 16911-1,and the mgasurement
plan shall be in accordance with EN 15259.

Afteér completion of the two profile measurements along the primary and secendary measurejnent paths,
all fthe measurementresults shall be corrected to account for changes in the fixed point refererjce velocity.

Thip procedure shall be performed at a high flow rate and a low flow.rate, as described in 8.2.1.

An gxample is shown in Annex F.

8.3| Pre-investigation by computational fluid dynamics (CFD)

A physical pre-investigation as described in 8.2.1 may-be replaced by a CFD assessment to eqtablish the
flow profiles, which are assessed as described in Aniiex G, if a physical pre-investigation is rjot possible
or i§ likely not to yield a sufficient result.

NOTE A CFD pre-investigation is acceptable)e.g. if the plant is not yet built, or if the duct configfiration is so
complicated, that conditions for SRM-measurements cannot be fulfilled.

CFI is an established method for prie-investigation of the flow conditions in a duct or a pipeljne.

Theg CFD requires accurate information about the route and the geometrical dimensions of the ductwork
including the upstream section/Furthermore, important basic design parameters have to be ponsidered
(e.g} the number and posjtion’of the duct inlets, the plant load and the gas velocity range).

Basgd on this information, the flow is modelled using specialized software. The results of the computer
simplation are proceéssed and evaluated using two- or three-dimensional graphics from whigh the flow
profiles can be ereated.

Thif can beused:

— |todetermine the expected flow profile changes as the plant operation conditions are changed;

— to assistthesetectiom of the AMStype(single poinmt AMS; = singte probe AMSwitir timited path

length, one path cross-duct AMS, two path cross-duct AMS etc.);
— to determine the optimal position of the AMS.

The accuracy of the CFD depends strongly on the quality and quantity of the input data (geometry and
process conditions) and the use of a suitable model for the calculation.

The CFD shall be used to characterize the flow as described in 8.1.

The input data and the results of the pre-investigation by CFD shall be retained by the operator for
inspection by the competent authority.
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8.4 Automated measuring system selection guide

Based upon the results of reproducibility, skewness and crest factor, an example is shown in Annex F, the
plant operator may select the measurement type for the AMS using Table 3. The flow reproducibility is
a measure of the difference in flow profiles at the two test flow rates. The crest factor and skewness to
be used are the maximum values derived from the two measured flow profiles.

The guideline isinformative, and the configuration shall be chosen in cooperation with the manufacturer.
The installation shall in any case pass the QAL2 requirements of EN ISO 16911-2.

The test for the presence of swirl shall be performed in accordance with EN ISO 16911-1.

Table 3 — Skewness and crest factor

Reproducibility
. Crest fac-
of normdlized tor Skewness Measurement type Comments
profil¢%
Point measurement or
<5,0 % <1,3 <1,2 measurement with lim- Flow profilemot likely to change

ited path length
One cross-duct monitor- | Flow profile is expected to chang¢

<1,3 <1,2 . :
ing path with flow rate
One cross-duct monitor- (g, - ofile s expected to changg

>1,3 <1,2 ing path in the plane with b -Xb §

) considerably with flow rate
the highest skewness
>5,0 b A skewed flow profile, possibly dye

Two cross-duct moni- to swirl, i.e. the point in the profile
toring paths (aleng the with the maximum flow rate is

>1,3 >1,2 . .
primary andsecondary  |rotating and the best way to secufe a
measurement paths) representative average is to monitor

in a cross or across two chords

8.5 Quality assurance level 2 requirements

Lo

If subsequgntly the chosen configuration'’does not meet the requirement of QALZ2, as specified in Clauge
a more repfesentative measurement,approach, as exemplified in the informative Annex C, shall be u

T
(¢°]
&

It is recomimended in these cases that an accredited duct test laboratory and the AMS manufactyrer
be consulted.

9 C(Calibration andvalidation of the automated measuring system (quality assur-
ance level 2 and'‘annual surveillance test)

9.1 Selection of calibration method

Calibration of a volume flow rate monitor can be performed in two different ways, depending upon
whether the pre-investigation is conducted in accordance with Clause 8:

a) atype 1 QAL2 and AST calibration procedure if the pre-investigation has been performed or the
conditions of 7.3 are fulfilled;

b) atype 2 QAL2 and AST calibration procedure if a pre-investigation has not been performed and the
conditions of 7.3 are not fulfilled.
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This clause covers both calibration procedures.

NOTE EN ISO 16911-2 prescribes the QA/QC procedure for flow monitors following EN 14181 as closely as
possible, noting that EN 14181 does not specifically apply to flow monitors. This includes recommendations for
surrogate values for the ELV and uncertainty derived from requirements of legislation, oy, in order to perform the
variability test as part of the calibration acceptance test.

9.2 Selection of calibration method, if calculation methods are used

9.2.1 Fuel based

When the AMS is based on a calculation method, this shall follow EN ISO 16911-1:2013,Ahnex E and
the|calculation shall be verified according to this clause by means of a QAL2 and checked yearly by
means of an AST in accordance with EN 14181. If QAL2 or AST fails, the calculation precedyre shall be
inv¢stigated and if necessary rectified prior to retesting by QALZ2.

9.2]2 Surrogate based

When the AMS is based on a surrogate approach, such as a fan characteristic or the pressure qrop across
a plpnt component, the AMS shall be calibrated according to this clause by means of a QAL2 ahd checked
yeafly by means of an AST in accordance with EN 14181. If QALZ2 or-AST fails, the calculation|procedure
shall be investigated and if necessary rectified prior to retestingby QALZ.

9.3| Calibration procedure
EN [14181:2004, 6.1 and 8.1 apply with the following nfedifications.

The calibration of an AMS volume flow rate monitor is performed as described in EN 14181, with the
exception that the flow monitor shall be calibrdted in units of volume flow rate, m3/s, undef the actual
opefrating conditions.

The quality assurance level 1 (QAL1) documentation shall, further to the certification of the AMS to
EN [15267-3 and the requirements given in Table 1 and 2, include an assessment by the test Jaboratory,
performing the QALZ, in consultatiomwith the competent authority, that the configuration of the AMS is
suitiable for this specific flow profile, as recommended in Clause 7.

9.4 Functional tests
EN [14181:2004, 6.2 anid 8.1 apply with the following modifications.

A fynctionality test; using reference materials or surrogates, as certified according to EN 15267-3 shall
be performed.according to EN 14181.

The instrument configuration shall be audited by the test laboratory before any QAL2 or AST

megsutrement. The auditing shall include the geometrical configuration, including measuripg the duct
crogs-sectional area and assessing the uncertainty, due to variation in operation, of anJ2 reference

quantity with an influence on the flow monitoring result, e.g. temperature, pressure, gas composition.

9.5 Parallel measurements with a standard reference method
EN 14181:2004, 6.3 and 8.2 apply with the following modifications.

EN 14181 states that the results obtained from the SRM shall be expressed under the same conditions as
those measured by the AMS, which is normally m/s.

NOTE1  The calibration is normally expressed in m3/s in operation condition if the dilution tracer method is used.

The SRM method for volume flow rate shall be performed in accordance with EN ISO 16911-1.
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The tracer transit time method measures the average velocity directly, and the tracer dilution method
measures the volume flow rate directly.

None of the tracer methods give any information of the flow profile. If, however, calibration of flow
monitors is the only purpose of the measurement campaign, the tracer methods may be used.

NOTE 2

The vane anemometer is especially suited for low flow velocity conditions.

The Pitot tube and vane anemometer method performed in accordance with EN ISO 16911-1 provide
information of the flow profile, from which the volume flow rate is calculated.

NOTE 3

2|

can, howev
advantageo

In order tg

plant is to
operations|

If a pre-iny
it is occurr
stable load

The pre-in
over as lar

If a pre-iny
volume floy
it is occurr

stable load

The minimum numbers of paired data points (traverses if a point velocity technique is used) are li{

in Table 4.

I

T N A £ sl 1 L d & £ +1
TeoOtT oo Cant v anC—anCrromCtCT e TotsS—ar C—ST1Ovww T v IICT COTrpar CO—to—tnC—TracCrmetrots:

b1, be combined with measurement of pollutant concentration, and therefore still be econpfitid
1.

ensure that the calibration function is valid for the range of conditions witHih which
pperate, the flow rate during the calibration shall be varied as much as possible within
of the plant during the calibration.

estigation has proven that the flow monitor reads correctly at volume, flow rates so low

it is acceptable to perform a calibration even if the data points arenot spread out.

Uestigation together with the functional test ensures that thie calibration of the AMS is v|

v rate the plantis designed for under normal operation down to a volume flow rate so low

This is to prove that the flow monitor is correctly calibrated in this range.

Table@ ~— Method overview

be a range as possible, and also that it covers most operational situations and flow profilgs.

hey
ally

the
the

that

ing lower no more than 10 % of the plant’s normal operation timeor‘the point of minimpum

qlid

wn

estigation has not been performed, the range during galibration shall span from maximum

that

ing lower no more than 10 % of the plant’s normial operation time or the point of minimum

ted

Con

Type 1 Type 2

dition to be met Pre-investigation has

Pre-investigation has not been performe
been performed & p

pemy

points for A

Minimum number of paired data 9 15
points for QAL2 calibration
Minimum number of paired-data 4 5

ST

Upper limit

of calibration range No restrictions

Maximum flow rate for normal operation

Lower limif

Flow rate not fallen below more than 10 %

of calibration range No restrictions

of

the plant’s normal operation time

The QALZ2 and AST procedure shall be performed to obtain data points that are evenly spread out over
a minimum of 5 h.

The EN 14181 minimum requirement of performing the calibration over aminimum of 3 daysis notrequired.

9.6 Wall effects

When the calibration of the AMS is based on a velocity profile measurement, a wall adjustment factor
shall be applied as specified in EN ISO 16911-1.

16
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9.7 Automated measuring system flow calibration procedure with transit time tracer

The reference flow value obtained by the transit time method is compared with the simultaneous AMS
flow signal. In order to obtain the calibration result at a given flow rate, several measurement repetitions
(normally 7 to 15) are made. The number of flow rates tested should preferably be 2 to 3 to obtain a good
and representative calibration result.

Since transit time measurements are very fast, noting that several measurements can be made every
minute, it is of paramount importance that the flow monitor set up be changed to enable it to output
with an averaging time of a few seconds, since with longer time constants simultaneous comparison
becomes more difficult and tends to increase the stochastic uncertainty component in the calibration.
Furthermore, the time delay of the gas flow from the flow AMS to the measurement poipnt shall be

con
Wh
wit
the
9.8
EN

Sing
totd

sidered when the comparison is performed, if there is a long physical distance between't

bn calibrating an AMS, its flow signal is to be registered by the transit time measurement
h short time intervals in order to allow simultaneous comparison of the volure flow det¢
trransit time method with the flow value given by the AMS.

Data evaluation
14181:2004, 6.4 and 8.3 apply with the following modifications.

e a special source of uncertainty for some flow monitor technologies is the relation betweel
1 volume flow rate (measured in m3/s) and the parametexnenitored (e.g. averaged gas flo

one
tes

or more points or averaged over a line or a section of artarea), the calibration function shal
ed for non-linearity. If a polynomial calibration function-results in a higher coefficient of det

hem.

equipment
brmined by

1 the actual
W in m/s at
| always be
ermination

of cplibration function, R2, and/or lower variability, the‘polynomial calibration line may be us¢d.

NOTE Alinear calibration function may also be used, if it passes the R2 and variability criteria. It |s the choice

of the plant operator in consultation with the competent authority.

Singe the duct area is an important factor‘to calculate volume flow rate from average gas yelocity the
resfilt of the measurement or auditing of the duct area shall be noted in the test report, and anfy deviation
exceeding the tolerance stated in Clatise 6 from the values already used by the plant shall be investigated
and|{reported.

9.9| Calibration functionof the automated measuring system and its validity

9.9]1 General

EN [14181:2004,,6,5.applies with the modification in 9.9.2.

9.9]2 Linear calibration function (method D)

If the spread of data is less than 30 % of the maximum SRM value, a calibration function callculated as
a limear regression forced through the lower reference point (which is zero point if the AMS feads zero)
may be used provided the functional test has proven that the volume flow rate monitor is linear down to
the lower reference point or zero.

NOTE Alinear calibration function forced through zero may be used, even if the spread of data is more than
30 %, provided the variability and R? requirement are fulfilled and the competent authority agrees to the choice.

The valid calibration function is extrapolated upwards to 120 % of the highest value of the volume flow
rate during the QALZ2 or AST and downwards to the lowest test point of the functionality test. If the flow
AMS can measure at zero, the lowest test point shall be zero.

If the flow AMS is based upon monitoring differential pressure, the calibration range downwards is in
any case limited to a flow rate corresponding to a differential pressure of 5 Pa.

© IS0 2013 - All rights reserved 17


https://standardsiso.com/api/?name=1a879ee3ac67ea9fefba10567ee9b3a5

ISO 16911-2:2013(E)

The historical data for the AMS shall be examined and these shall be consistent with plant conditions
(e.g. shut down) within the past 6 months.

9.9.3 Polynomial calibration function

Ifa polynomial calibration function resultsin a higher R2 and /or lower variability than alinear calibration
function, the polynomial calibration function may be used.

NOTE It is always acceptable according to EN ISO 16911-2 to use a linear calibration function, even if the
R? are lower and/or the variability is higher, if it passes the test criteria. It is the choice of the plant operator in
consultation with the competent authority.

When usir]g a polynomial calibration function, the behaviour of the calibration function, outside|the
range where paired measurement points are available, is unpredictable and special precautions.shall be
taken. Thege are specified in Annex D.

9.10 Calculation of variability
EN 14181:2004, 6.6 and 8.4 shall apply with the following modification.

Since voluine flow rate has no ELV prescribed in an EU Directive, 120 % of the maximum volume fflow
rate during the QAL2 test shall be used as the ELV, but not lower than 10 m/s, unless the compefent
authority Has given other instructions.

NOTE1 This corresponds to the top of the valid calibration range.

Since flow [rate has no prescribed uncertainty in an EU Directive, oo = 4 % in operation condition shall
be used, urjless the competent authority has given other instructions.

NOTE2 The ggin EN 14181 from the relevant EU Directive refers to concentrations in normalized conditions,
but in EN ISP 16911-2 o is calculated in the condition of the duct gas at the time of the calibration.

Outliers may be removed in accordance with gepd engineering practice, but the calibration curve shall
still be baded upon the required number of independent parallel measurements, and outliers shall be
reported aphd shown in the diagrams.

9.11 Testof variability and annual surveillance test of validity of the calibration functjon

EN 14181:2004, 6.7 and 8.5 shall apply.

9.12 Test|of R2

Further to|the requirements of EN 14181, but in accordance with the test criterion of EN 1526743, a
calculation of R2 shall be performed, and the calibration shall pass the criterion of Table 2, i.e. RZ > (,90.

Ifapre-investigation has been performed, and the method D calibration is based upon a very tight clugter,
where the [spread of data in both SRM and AMS values are both less than 15 % of the corresponding
average value during the calibration, fulfilment of the R2 condition is not required.

NOTE Pearson'’s coefficient of correlation, the R2 calculation, is based upon data points being widely spaced.
If it is calculated for a tight cluster of data points, it is possible that the data set does not exhibit any correlation
and consequently RZ can be very low. However, this may produce an acceptable calibration within the terms of
EN 14181. If data are widely spaced, the R2 calculation is a good indicator of the quality of the calibration.

9.13 Quality assurance level 2 and annual surveillance test report
EN 14181:2004, 6.8 and 8.6 apply with the following modifications.

The QALZ2 and AST report shall specifically focus on an evaluation of the total systematic uncertainty,
including that from changes in flow profile, and the method chosen for minimizing this.
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All measurement points shall be reported in a table as well as in a diagram which also shows the chosen
regression function.

Outliers, not used in the calculation of the regression function, shall be shown in the diagram together
with the rest of the measurement points and the regression function, and the method or reason for
identifying outliers shall be reported.

Since the changes in flow profile are the major source of systematic error, the flow profiles measured
during the QAL2 or AST procedure shall always be reported in a diagram for each measurement series
(traverse) and evaluated by the test laboratory.

NO

10

Aftq
sha

Changes and periodic verifications, e.g. after the AST, referenced back to commissioning or th

sha

11
QAL
QA
tot
12

The
on {
sha

E IT a tracer method 1s used, the rlow profrile cannot be established.
Commissioning documentation

1 be stored and available for audit by the responsible authority.
lalso be recorded in an auditable manner.

On-going quality assurance during operation (quality assurance level
3 shall be performed in accordance with the requirements.of EN 14181. In addition, the follow

.3 internal reference point measurements shall be performed atleast ata time interval cor1
he maintenance interval, as established during the'type test according to EN 15267-3.

Assessment of uncertainty in volume flow rate

overall uncertainty of the AMS measured values shall be calculated in accordance with
he basis of the performance characteristics determined during the general performan
I meet the uncertainty required for the measurement objective.

br commissioning, the configuration documentation, the functional test and QAL2 docymentation

b last QAL2
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ing applies.

esponding
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Annex A
(informative)

Example of calculation of the calibration function (data from tests
in Copenhagen and Wilhelmshaven)

A.1 Caldulation of calibration data according to method A (data from Copenhag«ln)
This is an ¢xample of calibration using S-type Pitot tubes according to EN ISO 16911-1.
Calibratior] procedure is made as a linear least square regression, and the spread of data‘is so low that
the R2 testlis not required. See Table A.1.
Table A.1 — Example of calibration made in accordance with method A (data from Copenhagen)
No. AMS SRM
/s m/s
X — Xavg Y — Yavg (X - Xavg)z [y _yavg)z Yeal D (D - Davg] 2
1 20,89 19,84 0,60 0,16 0,36 003 20,104 -0,264 0,0695
2 21,00 20,05 0,71 0,37 0,50 0,14 20,182 -0,132 0,0174
3 20,62 20,38 0,33 0,70 0,11 0,49 19,911 0,469 0,2197
4 20,50 20,32 0,21 0,64 0,04 0,41 19,826 0,494 0,244 3
5 19,21 19,03 -1,08 -0,65 1,18 0,42 18,907 0,123 0,0142
6 19,98 19,44 -0,31 -0,24 0,10 0,06 19,455 -0,015 0,004 2
7 20,17 19,38 -0,12 -0,30 0,02 0,09 19,591 -0,211 0,044 4
8 20,08 19,31 -0,21 -0,37 0,05 0,14 19,527 -0,217 0,0449
9 20,43 19,76 0,14 0,08 0,02 0,01 19,776 -0,016 0,009 3
10 20,06 19,28 -0,23 -0,40 0,05 0,16 19,512 -0,232 0,054 0
av 20,29 19,68 0,0
N = 10 Sp = 0,281 m/s
Min 19,21 19,03 b= 0,712 5 o0 = 4%
Max 21,00 20,38 a= 52195 Ky = 0,962 9
SP 9% 7% R? = 0,632 2 Max sp = 0,942 m/s
R*-test? No Variability ok
SRM: Measprements frem standard reference method
AMS: Measpirements\from continuous working flow monitor
av: Averagg frofn the column above.
b: Regressipndine gradient

a: Regression Iine intercept

R2: Coefficient of determination
Min: The lowest value measured from the column above
Max: The highest value measured from the column above
SP: Spread of data determined max. minus min., divided by the average value
N: Number of measurements (traverses)
Max sp: The maximum allowable sp calculated from the number of measurements and a oo of 4 %

The result is shown in Figure A.1.
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data from Copenhagen validation test QO
SRM performed with S-type Pitot tubes ®
calibration procedure A (least squares regreﬁl)
measurements from standard reference }\hod (SRM)
measurements from continuous woKlii:ﬁg flow monitor (AMS)
’\\0
Figure A.1 — Examplg'z)f calibration made in accordance with method A
O (data from Copenhagen)
O

5 is an exam calibration using S-type Pitot tubes according to EN ISO 16911-1.
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Calculation «\ngibration data according to method D (data from Cope
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Calibration procedure is made as a linear least squares regression with the regression line forced
through zero, and the spread of data is so low, that the R2 test is not required. See Table A.2.

Table A.2 — Example of calibration made in accordance with method D (data from Copenhagen)

AMS SRM
No. m/s m/s
X y X = Xavg Y = Yavg (x = xavg)? (¥ — Yave)? Yeal D (D — Davg)?
1 20,89 19,84 0,60 0,16 0,36 0,03 20,253 -0,413 0,1737
2 21,00 20,05 0,71 0,37 0,50 0,14 20,360 -0,310 0,098 3
3 20,62 20,38 0,33 0,70 0,11 0,49 19,991 0,389 0,148 2
4 20,50 20,32 0.21 0.64 0.04 041 19,875 0.445 01947
5 19,21 19,03 -1,08 -0,65 1,18 0,42 18,624 0,406 0,t616
6 19,98 19,44 -0,31 -0,24 0,10 0,06 19,371 0,069 0,004 3
7 20,17 19,38 -0,12 -0,30 0,02 0,09 19,555 -0,175 0,030
8 20,08 19,31 -0,21 -0,37 0,05 0,14 19,468 -0,158 0,0241
9 20,43 19,76 0,14 0,08 0,02 0,01 19,807 -0,047 0,006
10 20,06 19,28 -0,23 -0,40 0,05 0,16 19,448 -0,168 0,029 6
av 20,29 19,68 0,0
N = 10 sp = 0,311 m/s
Min 19,21 19,03 = 0,969 5 00 = 4%
Max 21,00 20,38 a= 0,0000 kv = 0,9629
SP 9% 7% R% = 0,5499 Max sp = 0,942 m/s
R*-test? No Variability ok
SRM: Measprements from standard reference method
AMS: Measpirements from continuous working flow monitor

av: Averagg from the column above.

b: Regressipn line gradient

a: Regressipn line intercept

R2: Coefficignt of determination

Min: The lowest value measured from the column abpve

Max: The hjghest value measured from the column above

SP: Spread jof data determined as max. minus min,, divided by the average value

N: Number|of measurements (traverses)

Max sp: Thg maximum allowable sp calculated-from number of measurements and oo of 4 %

The result js shown in Figutre A.2.
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data from Copenhagen validation test QO
SRM performed with S-type Pitot tubes ®
calibration procedure D (least square regression forced through zero)
measurements from standard reference }\hod (SRM)
measurements from continuous woKlii:ﬁg flow monitor (AMS)
’\\0
Figure A.2 — Examplg‘g)f calibration made in accordance with method D
O (data from Copenhagen)
O

5 is an exa:&of calibration using L-type Pitot tubes according to EN ISO 16911-1.
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Calculation é;libration data according to method A (data from Wil
hayen) Q@

helms-
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Calibration procedure is made as a linear least squares regression and the spread of data is sufficiently
high for the R? test to be required. See Table A.3.

Table A.3 — Example of calibration made in accordance with method A (data from Wilhelms-

haven)
AMS SRM
No. m/s m/s
X y X — Xavg Y = Vavg (X - Xavg)2 (y —_Vavg)z Yeal D (D - Davg)2
1 28,88 28,31 2,61 2,77 6,79 7,67 28,266 0,044 0,0019
2 24,65 23,78 -1,62 -1,76 2,64 3,10 23,841 -0,061 0,003 8
3 32069 3037 442 483 19 50 2332 30160 0210 0044 2
4 24,35 23,57 -1,92 -1,97 3,70 3,88 23,528 0,042 0,004 8
5 24,40 23,74 -1,87 -1,80 3,51 3,24 23,580 0,160 0,025 6
6 24,51 23,57 -1,76 -1,97 3,11 3,88 23,695 -0,125 0,015 6
7 24,47 23,68 -1,80 -1,86 3,26 3,46 23,653 0,027 0,004 7
8 29,56 28,87 3,29 3,33 10,79 11,08 28,978 -0,108 0,011 6
9 27,99 27,07 1,72 1,53 2,94 2,34 27,335 -05265 0,074 4
10 24,79 23,92 -1,48 -1,62 2,20 2,63 23,988 =0,068 0,004 6
11 24,73 24,07 -1,54 -1,47 2,39 2,16 23,925 0,145 0,021 0
av 26,27 25,54 0,0
N = 11 sp = 0,142 m/s
Min 24,35 23,57 = 1,046 1 do = 4%
Max 30,69 30,37 a= -1,944 5 kv = 0,966 5
SP 24 % 27 % R? = 0,997 0 Max sp = 1,409 m/s
R?-test? Yes R? ok Variability ok
SRM: Measfirements from standard reference method
AMS: Measpirements from continuous working flow monitor
av: Averagg from the column above

b: Regressipn line gradient

a: Regressipn line intercept

R2: Coefficipnt of determination

Min: The lgwest value measured from the cqlupin above

Max: The hjghest value measured from the column above

SP: Spread jof data determined as max, minus min., divided by the average value
N: Number]of measurements (traverses)

Max sp: Th¢ maximum allowable s calculated from number of measurements and oo of 4 %

The result s shown in Figure A.3.
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data from Wilhelmshaven validation test QO
SRM performed with L-type Pitot tubes \‘g\

calibration procedure A (least square regressi
measurements from standard reference }\hod (SRM)
measurements from continuous wo@g flow monitor (AMS)

’\\0

Figure A.3 — Examp[g)()f calibration made in accordance with method A

(data from Wilhelmshaven)

Calculation é;libration data according to method D (data from Wil
hayen) O@

5 is an exa:&

Y

?\
5

of calibration using L-type Pitot tubes according to EN ISO 16911-1.

helms-
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Calibration procedure is made as a linear least squares regression with regression line forced through
zero, and the spread of data is so high that the R2 test is required. See Table A.4.

Table A.4 — Example of calibration made in accordance with method D (data from Wilhelms-

haven)
AMS SRM
No.  m/s m/s
X y X ~ Xavg Y = Yavg (x = Xavg)? (¥ = Yavg)? Yeal D (D — Dave)?
1 28,88 28,31 2,61 2,77 6,79 7,67 28,092 0,218 0,0551
2 24,65 23,78 -1,62 -1,76 2,64 3,10 23,977 -0,197 0,0327
3 3069 3037 442 483 1950 2332 29352 0518 02353
4 24,35 23,57 -1,92 -1,97 3,70 3,88 23,685 -0,115 0,009 8
5 24,40 23,74 -1,87 -1,80 3,51 3,24 23,734 0,006 0,004 5
6 24,51 23,57 -1,76 -1,97 3,11 3,88 23,841 -0,271 0,064 8
7 24,47 23,68 -1,80 -1,86 3,26 3,46 23,802 -0,122 0,011 2
8 29,56 28,87 3,29 3,33 10,79 11,08 28,753 0,117 0,0178
9 27,99 27,07 1,72 1,53 2,94 2,34 27,226 -0,156 0,0195
10 24,79 23,92 -1,48 -1,62 2,20 2,63 24,113 =0,193 0,0313
11 24,73 24,07 -1,54 -1,47 2,39 2,16 24,055 0,015 0,001 0
av 26,27 25,54 0,0
N = 11 sp = 0,230m/s
Min 24,35 23,57 b= 09727 00 = 4%
Max 30,69 30,37 a= 0,0000 kv = 0,966 5
SP 24% 27% R* = 0,9920 Max sp = 1,409 m/s
R*-test? Yes R? ok Variability ok
SRM: Measprements from standard reference method
AMS: Measprements from continuous working flow monitor
av: Averagg from the column above
b: Regressipn line gradient
a: Regressipn line intercept
R2: Coefficignt of determination
Min: The lowest value measured from the\column above
Max: The hjghest value measured from the column above
SP: Spread jof data determined as-mhax’ minus min., divided by the average value
N: Number|of measurements {traverses)
Max sp: Thg maximum allowéble sp calculated from number of measurements and oo of 4 %
The result js Shown in Figure A.4.
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data from Wilhelmshaven validation test QO

SRM performed with L-type Pitot tubes ®
calibration procedure A (least squares regreﬁl)
measurements from standard reference }\hod (SRM)
measurements from continuous woKlii:ﬁg flow monitor (AMS)

Figure A.4 — Exampleof calibration made in accordance with method D

Calculation «\ngibration data according to method A (data from Cope

’\\0

(data from Wilhelmshaven)

calibration using the time-based tracer method according to EN ISO 16

911-1.
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Calibration procedure is made as a linear least squares regression, and the spread of data is so low, that
the R2 test is not required. See Table A.5.

Table A.5 — Example of calibration made in accordance with method A (data from Copenhagen)

AMS SRM
No. m/s m/s
X Yy X = Xavg Y = Yavg (x = Xavg)2 (¥ = Yavg)? Yeal D (D — Davg)?
1 21,75 20,59 1,34 1,39 1,79 1,94 20,369 0,221 0,048 7
2 21,62 20,07 1,21 0,87 1,46 0,76 20,255 -0,185 0,0343
3 21,41 20,41 1,00 1,21 1,00 1,47 20,071 0,339 0,114 9
4 21.29 19,64 0.88 0.44 0.77 0.20 19966 -0.326 01061
5 19,39 18,32 -1,02 -0,88 1,05 0,77 18,299 0,021 0,009 5
6 19,90 18,55 -0,51 -0,65 0,26 0,42 18,746 -0,196 0,034 5
7 19,67 18,71 -0,74 -0,49 0,55 0,24 18,544 0,166 0,0274
8 20,37 19,22 -0,04 0,02 0,00 0,00 19,159 0,061 0,0038
9 19,90 18,85 -0,51 -0,35 0,26 0,12 18,746 0,104 0,0108
10 20,44 19,07 0,03 -0,13 0,00 0,02 19,220 -0,150 0,025
11 20,80 19,48 0,39 0,28 0,15 0,08 19,536 -0,056 0,0031
12 19,38 18,25 -1,03 -0,95 1,07 0,89 18,290 -0,040 0,001 6
13 20,51 19,27 0,10 0,07 0,01 0,01 19,281 -0,011 0,001
14 20,23 19,16 -0,18 -0,04 0,03 0,00 19,036 0,124 0,0145
15 20,05 18,63 -0,36 -0,57 0,13 0,32 18,878 -0,248 0,061 4
16 20,77 19,56 0,36 0,36 0,13 0,13 19,509 0,051 0,006
17 20,07 18,83 -0,34 -0,37 0,12 0,13 18,895 -0,065 0,004 3
18 19,95 19,01 -0,46 -0,19 0,21 0,03 18,790 0,220 0,049 4
19 20,53 18,89 0,12 -0,31 0,01 0,69 19,299 -0,409 0,1672
20 20,45 19,57 0,04 0,37 0,00 0y14 19,229 0,341 0,1145
21 20,18 19,03 -0,23 -0,17 0,05 0,03 18,992 0,038 0,001 5
av 20,41 19,20 0,0
N = 21 sp = 0,204 m/s
Min 19,38 18,25 = 0,877 4 o0 = 4%
Max 21,75 20,59 a= 1,286 7 kv = 0,982 4
SP 12 % 12 % R% = 0,893 7 Max sp = 0,971 m/s
R*-test? No Variability ok
SRM: Measprements from standard refetience method
AMS: Measpirements from continugus working flow monitor
av: Averagg from the column abéve
b: Regressipn line gradient
a: Regressipn line intercept
R2: Coefficignt of determination
Min: The lowest valte-measured from the column above
Max: The h|ghest value measured from the column above
SP: Spread jof data determined as max. minus min., divided by the average value

N: Number of reasureTmrents ftraverses)
Max sp: The maximum allowable sp calculated from number of measurements and oo of 4 %

The result is shown in Figure A.5.
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SRM performed with time based tracer method ®
calibration procedure A (least square regressi
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measurements from continuous woKlii:ﬁg flow monitor (AMS)
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Calibration procedure is made as a linear least squares regression with the regression line forced
through zero, and the spread of data is so low, that the R2 test is not required. See Table A.6.

Table A.6 — Example of calibration made in accordance with method D (data from Copenhagen)

AMS SRM
No. m/s m/s
X X — Xavg Y~ Yavg (X~ Xavg)? (¥ —Yave)? Yeal D (D — Dave)?
1 21,75 20,59 1,34 1,39 1,79 1,94 20,452 0,138 0,0186
2 21,62 20,07 1,21 0,87 1,46 0,76 20,329 -0,259 0,068 2
3 21,41 20,41 1,00 1,21 1,00 1,47 20,132 0,278 0,076 3
4 2429 19.64 8,88 044 0,77 8,20 26,649 8379 84451
5 19,39 18,32 -1,02 -0,88 1,05 0,77 18,232 0,088 0,009 3
6 19,90 18,55 -0,51 -0,65 0,26 0,42 18,712 -0,162 0,0249
7 19,67 18,71 -0,74 -0,49 0,55 0,24 18,496 0,214 0,043 1
8 20,37 19,22 -0,04 0,02 0,00 0,00 19,154 0,066 0,004 1
9 19,90 18,85 -0,51 -0,35 0,26 0,12 18,712 0,138 0,0145
10 20,44 19,07 0,03 -0,13 0,00 0,02 19,220 =0,150 0,0230
11 20,80 19,48 0,39 0,28 0,15 0,08 19,558 =0,078 0,004 4
12 19,38 18,25 -1,03 -0,95 1,07 0,89 18,223 0,027 0,004 6
13 20,51 19,27 0,10 0,07 0,01 0,01 19,286 -0,016 0,004 3
14 20,23 19,16 -0,18 -0,04 0,03 0,00 19/022 0,138 0,0144
15 20,05 18,63 -0,36 -0,57 0,13 0,32 18,853 -0,223 0,054 6
16 20,77 19,56 0,36 0,36 0,13 0,13 19,530 0,030 0,009 8
17 20,07 18,83 -0,34 -0,37 0,12 0,13 18,872 -0,042 0,001 9
18 19,95 19,01 -0,46 -0,19 0,21 0,03 18,759 0,251 0,060
19 20,53 18,89 0,12 -0,31 0,01 0,09 19,304 -0,414 0,1733
20 20,45 19,57 0,04 0,37 0,00 0,14 19,229 0,341 0,1149
21 20,18 19,03 -0,23 -0,17 0,05 0,03 18,975 0,055 0,008
av 20,41 19,20 0,0

N = 21 sp = 0,208 ml/s

Min 19,38 18,25 b= 0,9403 o0 = 4%

Max 21,75 20,59 a= 0,0000 kv = 0,982 4

SP 12 % 12 % R%*= 0,889 0 Max sp = 0,971 ml/s
R2-test? No Variability ok

SRM: Measprements from standard refeyence method

AMS: Measprements from contipuous’working flow monitor

av: Averagg from the column dbgve

b: Regressipn line gradient

a: Regressipn line intercept

R2: Coefficignt of determination

Min: The lowestvalue measured from the column above

Max: The h|gh€st value measured from the column above

SP: Spread of data determined as max. minus min., divided by the average value
N: Number of measurements (traverses)

Max sp: The maximum allowable sp calculated from number of measurements and oo of 4 %

The result is shown in Figure A.6.
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ire A.6 — Example of calibratig‘ﬁ made in accordance with method D (data from Copenhagen)
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Annex B
(informative)

Flow profile characteristics

B.1 General

In EN ISO 16911-2, the term “flow profile” is used to describe a diagram showing the gas velocity, in /s,
along a ling across the duct passing through the centre of the duct.

The actuallflow profile has a large influence on the expected uncertainty, since a fully developed fllow
profile is gxpected not to change with higher average flow rate, while a less developed flow prgfile
and an asymmetrical flow profile is expected to change, and may consequently introduce systematic
uncertaintjes compared with a calibration made at a higher flow rate.

The followling examples are characterized by the following parameters, derived from the measyred
point velodities:

a) the average velocity across the diameter, vayg;

b) the peak velocity across the diameter, vprak;

c) the crgst factor, vpeak/vave;

d) the avgrage velocity across the left half of the diameter, vy, avg;
e) the avgrage velocity across the right half the diameter, vg avg;
f) the skqwness, being the ratio v, aovc/VR, av€ 01 the ratio vg ave/vL, ave, whichever is larger than 1,00;
g) the velocity, vi, 12 %, at 12 % of the ductdiameter from the left side wall, the L12 ¢, point;

h) the velocity, Vg, 12 %, at 12 % of the duct diameter from the right side wall, the R12 ¢, point.

B.2 Fully developed flow profile

See Figure|B.1.
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DW%% distance from the inner stack wall as a\percentage of the stack inner diameter

AV | average flow across the duct 2590 m/s

TFL| total flow velocity to the left of the centreline 2547 m/s

TFR| total flow velocity to the rightof the centreline 25,p6 m/s

SK | skewness 0,997

L12 ¢ left 12 % point at which the flow velocity is vy, 12 % VL, 12% ¥ 25,00 m/s
Ri2pe right 12 % point-at. which the flow velocity is vg 12 o VR, 12% F 25,00 m/s
CF | crestfactor 105,1 %

Figure B.1 — Fully developed flow profile

A fyllydeveloped flow profile is characterized by being symmetrical along the centre of the duct, being
rather flat, but falling towards zero in the vicinity of the duct wall, and (in a circular duct) having a flow
equal to the average flow at a distance of 12 % of the diameter from the duct wall.

A fully developed profile is typical achieved with a long distance downstream of any disturbance or
bend in the duct, and with a rather high Reynolds number.

B.3 Less developed symmetrical flow profile

See Figure B.2.
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Figure B.2 — Less developed symmetrical profile
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This less developed profile may be fairly uniform but with a higher crest factor, or may be uneven across
the monitoring path.

It is seen that the shape is still symmetrical, skewness is very low, but crest factor has risen.

B.4 Asymmetrical flow profile

See Figure

34

B.3.
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Figure B.3 — Asymmetrical flow profile
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e right 12 % pointatwhich the flow velocity is VR 12 o VR, 12% F 28,97 m/s
crest factor 111,6 %

flow profile in a duct with a one-sided inletis likely to asymmetrical, however, if the duct

islong, the

asymmetry is often small.

If, however, the flow profile shows clear signs of asymmetry, as defined by the skewness, and as shown
in the preceding, this shall be considered when the flow monitoring is planned and performed.

It is also evident that average velocity is no longer read at the 12 % point, and skewness and crest
factor have risen.

B.5 Less developed and asymmetrical flow profile

See

Figure B.4.
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DW% distance from the inner stack wal %rcentage of the stack inner diameter
AV average flow ocross the duct C) 33,45 m/s
TFL total flow left of the centreh 35,86 m/s
TFR  total {low right of the cefitfeline 32,49 m/s
SK  skewhess 1,104
L1209, left 1P % point v'hich the flow velocity is vy, 12 9 VL 12% = 34,90 th/s
R12 o, right[l2 % p@t which the flow velocity is VR, 12 % VR, 12% = 29,77 ;/s
CF crest facw\r?“ 114,7 %

Figure B.4 — Less developed and asymmetrical flow profile

In this example of an uneven and asymmetrical flow profile, average velocity is not read at the 12 %
points, and both skewness and crest factor have risen.
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Annex C
(informative)

Determination of measuring points and/or paths

C.1—Singlepointmonitor —

If the requirements of 7.3 are fulfilled, a sensing element of a single point monitor maydbe'mpunted at a
point situated 12 % from the inner diameter from the duct wall anywhere along the circumfgrence that
is fiee of local upstream disturbances. If the flow profile is fully developed, this position has|a flow rate
very close to the average over the cross-sectional area.

C.Z Limited path length monitor

Sonpe technologies, like multi-point differential pressure monitors, thermal mass momitors, and
ultrfasound monitors, are also obtainable as probes inserted from.one side of the duct with a limited
megasurement path length. These typically have an effective motiitoring length from 0,25 m fo 1 m, and
may be used as a good and less expensive alternative in ddets with a small diameter or dficts where
the|access to two diametrically opposite positions is lintited. They may also be used as sfingle point
monitors, where the diameter is considerably greater than the monitoring length.

C.3 Primary monitoring path in a circular duct

The primary monitoring path, P, shall be the path in which the maximum velocity is exp¢cted to be
found. That is, in a straight line through the centre of the duct, and lying in the plane defined by the
cenfreline of the duct being monitored.and the centreline of the inlet upstream of the monitgring point.

See|Figure C.1.

If the centreline of the inlet doeswot cross the centreline of the duct, the plane should be determined by the
cenfreline of the duct and a linethrough the centre of the duct and parallel with the centreline pf the inlet.

If there is more than one inlet, not in the same plane, P should include the point where theg maximum
velqcity is found basedupon the pre-investigation results.

C.4{ Secondary monitoring path in a circular duct without dominant asymmetric

d that two
e diameter

from the centre of the duct. See Figure C.2.

Thisspacingcorresponds approximately to the pointwhere atheoretical laminar flowand well-developed
turbulent flow have the same velocity, and consequently the calibration curve changes minimally, even
if the flow profile develops further [see Figure C.3 in which a laminar flow (highest curve) is compared
with different turbulent flows].

C.5 Secondary monitoring path in a circular duct with dominant asymmetric swirl
The point in the duct where the maximum velocity is located rotates if swirl is dominant asymmetric,

and consequently a monitoring path which includes the point where the maximum velocity is found
cannot be determined.
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In this case, the secondary monitoring path, S, shall be a straight line through the centre of the duct,
lying in a plane perpendicular to P, see Figure C.1.

With a rotating pattern, the sum of averages of the measurement results in these two measuring paths
give the best estimate.

Key
1 inlet P primary monitoring path S seconddry monitoring path

Figure C.1 — Position of primary and secondary monitoring paths

Figure C.2 — Position of two monitoring paths

===

Figure C.3 — Intersection of flow profile for fully developed and fully laminar flow

38 © IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=1a879ee3ac67ea9fefba10567ee9b3a5

C.6

ISO 16911-2:2013(E)

Primary monitoring path in a rectangular duct

P should be a straight line through the centre of the duct, lying perpendicular to the side panel, where
the flanges are mounted.

This should preferably be in the plane defined by the centreline of the duct being monitored and the
centreline of the inlet upstream of the monitoring point, or a line through the centre of the duct and
parallel with the centreline of the inlet.

If this is not possible or if there is more than one inlet, not in the same plane, P should include the point
of maximum velocity found in the pre-investigation results, and should be determined after consulting

an 4

Ift
fro

C.7
The

path which includes this point may not be determined. In this case, S.;should be a straight li
thelcentre of the duct, lying in a plane perpendicular to P. With a rotating pattern, the sum of
themeasurement results in these two measuring paths gives thé best estimate.

C.8

If flow monitoring in two paths as described in the préceding does not give sufficient accur
the[QAL2 calibration, other configurations may beused.

Thrjee paths may be used in a configuration ag~shown in Figure C.4: P and two further par
spafed 0,3 of the diameter from the centre path.

If swirl is dominant, a higher accuracy may be obtained, by the other configuration shown in
P and two paths shifted 60 ° from P!

ccredited test laboratory and the flow monitor manufacturer.

ere is more than one inlet, not in the same plane, P should include the point of maximy
the pre-investigation results.

Secondary monitoring path in a rectangular duct with swirl

point of maximum velocity within the duct rotates if swirl is present{aind consequently a

Other configurations

m velocity

monitoring
he through
hverages of

hey to pass

nllel paths,

Figure C.4:

Figure C.4 — Position of three monitoring paths

C.9 Single path not in the primary monitoring path

If the duct is very large or the duct gas temperature is very high, it may be necessary to monitor in
a secant line of the circular duct, with an offset of 0,25 to 0,3 times the duct diameter, as shown in

Figure C.5.
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Special considerations should be given to the possible change in flow profile with changing load, to
secure successful calibration/QAL2.

C.10 Oth

If the duct
likely to di
laboratory

In general
example w|

CI" Cases

Figure C.5 — Single path not in the primary monitoring ‘path
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s neither rectangular nor circular, or in cases where anyether obstacle upstream in the duftis
sturb the flow profile, P and S shall be determined after' consultations with an accredited fest
and the flow monitor manufacturer, and subsequently approved by the competent authorities.

whenever a monitoring path is added, theimeasurement reproducibility is reduced| An
ith four measurement paths is shown in Figure C.6.

40

Figure C.6 — Position of four monitoring paths
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Annex D
(normative)

Treatment of a polynomial calibration function

Additional care shall be taken when using a polynomial calibration function.

When using a polynomial calibration function, the valid calibration range may be cextrapolated
downwards to 80 % of the minimum volume flow rate and upwards to 120 % of the maximpm volume

flow rate recorded as an SRM value during the last QAL2.

Thip valid calibration range may be extrapolated further at a subsequent AST, dccording td EN 14181,
if the polynomial calibration function is recalculated to include the extra paired measuremept points.

Ifthe AMS value falls below the lowest point or increases above the highest pointof calibration fupction from

the

ast QAL2 calibration or AST, a warning or error message shall be recorded in accordance with Table D.1.

If the AMS value falls below the valid calibration range as specifiedyabove, the lowest point pf the valid
calipration range shall be used as a surrogate value for the flow fate, an error message shall He recorded

and|values calculated based upon this shall be tagged.

If the AMS value rises above the valid calibration range.as;specified in the preceding, the highest point

of t

be 1jecorded, and values calculated based upon this:shall be tagged as such.

he valid calibration range shall be used as a surrogate‘value for the flow rate, an error mgssage shall

Table D.1 — Treatment of-a’polynomial calibration function

Value used in data acquisition Action in data acquisition
Measured value, qy

and handling system and handling system
qv 4 80 % of lowest QAL2/AST Sglfl/isgzgggt last QALZ or AST, Error message
o st QALZ/AST ) o 10 Read value Warning message
1006 of highest last QRE/AST . |Read value None
120 % of highestlast OALZ/asT . [Read value Warning message

qv

AL

120 % of highest last QALZ2 or

o )
120 % of'highest last QAL2/AST AST, values tagged

Error message
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Annex E
(normative)

Values of ky(N) and to,95(v - 1)

Table E.1 — Values of ky(N) and o 95(y - 1) (Source: CEN/TR 15983:2010,17] Annex C)

42

Number| of parallel measure- 03
ments, N kv(N) t0,95(N - 1) nQ'\

3 0,832 6 292 .7
4 0,888 1 2,353

5 0916 1 Q32

6 09329 2,015

N

7 0944 1 D7 13

8 0952 1 L, o 1,895

9 0958 1 o) 1,86

10 0,962 9 RN 1,833

11 0,966 5 QO 1,812

12 09695 o 1,796

13 09721 8\ 1,782

14 09742 1,771

15 0976 1 1,761

16 09777 1,753

A

17 U 09791 1,746

18 < 09803 1,74

19 J 0,981 4 1,734

20 O 0,982 4 1,729

25 N 0,986 1 1711

4
30 QQ 0,988 5 1,701
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Example of a pre-investigation measurement

An
flov

TITC I

TETCOTIIY

bxample is a flow profile measured according to EN 15259 at highest possible and-lowd
/ rate. A pre-investigation shall perform these measurements along the primary, P, and se
monitoring paths; here only the result along P is shown. See Tables F.1 and F.2, and Kigure F.

st possible
condary, S,
.

The flow velocities at the individual measurement points are corrected to_giyve the “corrgcted flow”
velqcity using a correction factor, which is the ratio between the velocity at the' measurement point (raw
flow value) and the velocity at a fixed reference point, as described in 8.2:2.
Taljle F.1 — Example with 21 measurement points along one path at the highest possibl¢ flow rate
No. DW% F RF CF CrF AF
Side
m/s mys m/s m/s
1 1,23 16,40 15,06 1,009 16,55
2 3,80 18,08 15,36 0,989 17,88
3 6,52 18,50 15,03 1,011 18,71
4 9,42 18,39 14,38 1,057 19,44
5 12,55 19,26 14,54 1,045 20,14
LS 19,75
6 15,96 21,13 15,48 0,982 20,74
7 19,76 20,61 14,83 1,025 21,12
8 24,10 21,84 15,70 0,968 21,14
9 29,34 19,47 14,19 1,071 20,86
10 36,47 19,38 14,11 1,077 20,88
11 50,00 23,21 16,13 0,942 21,87
12 63,53 21,45 16,71 0,910 19,51
13 70,66 18,68 15,05 1,010 18,87
14 75,90 17,46 14,14 1,075 18,77
15 80,24 19,50 16,03 0,948 18,49
16 84 04 1819 1542 0986 1793
RS 17,19
17 87,45 18,45 16,29 0,933 17,22
18 90,58 17,96 16,58 0,917 16,47
19 93,48 14,99 14,47 1,051 15,74
20 96,20 15,78 15,98 0,951 15,01
21 98,77 13,26 14,46 1,051 13,94
ARF 15,20 AF: 18,63

DW%: Distance from the inner stack wall expressed as a percentage of the stack inner diameter

F: Flow velocity measurement at individual traverse points (uncorrected)
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RF: Reference flow velocity measurement at a fixed point during traversing

CF: Correction factor: average reference flow velocity divided by the individual reference flow velocity
CrF: Flow velocity measurement at individual traverse points corrected using the reference flow velocity
AF: Average corrected flow to the left or right side of the stack centre

LS: Data from the left side of stack centre

RS: Data from the right side of stack centre

ARF: Averdge of reference flow velocity
AF: Averagg flow velocity over the stack diameter.
Table F.Z — Example with 21 measurement points along the same path as Table F.1, but at the
lowest possible flow rate
No. DW% F RF CF CrF AF
Side

m/s m/s m/s m/s
1 1,23 % 12,53 11,68 1,010 12,66
2 3,80 % 13,76 11,79 1,001 13,77
3 6,52 % 14,27 11,51 1,025 14,63
4 9,42 % 16,19 11,90 0,992 16,06

Ls 5 12,55 % 16,55 11,68 1,010 16,71 16,63
6 15,96 % 17,60 11,66 1,012 17,81
7 19,76 % 17,60 11,53 1,023 18,01
8 24,10 % 18,76 11,76 1,003 18,82
9 29,34 % 18,70 11,74 1,005 18,79
10 36,47 % 18)73 11,61 1,016 19,03
11 50,00 % 20,71 11,76 1,003 20,77
12 63,53 % 18,99 11,60 1,017 19,31
13 70,66y% 19,25 11,92 0,990 19,05
14 7590 % 18,36 11,66 1,012 18,58
15 80,24 % 18,41 11,52 1,024 18,85
RS 16 84,04 % 18,70 11,84 0,997 18,64 18.15

17 87,45 % 18,29 11,72 1,007 18,42
18 90,58 % 18,06 11,75 1,004 18,13
19 9348 % 17,72 11,73 1,006 17,83
20 96,20 % 16,96 11,80 1,000 16,96
21 98,77 % 15,82 11,88 0,993 15,71
ARF 11,80 AF: 17,55

DW%: Distance from the inner stack wall in percentage of the stack inner diameter

F: Flow measurement in individual points during traversing uncorrected as measured.

RF: Reference flow measurement in reference point stationary during traversing.
CF: Correction factor: average reference flow velocity divided by the individual reference flow velocity.

CrF: Flow measurement in individual points during traversing corrected with the reference flow.
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AF: Average flow in left and right side of the stack centre.
LS: Data from the left side of stack centre

RS: Data from the right side of stack centre

25

20 TN

15 o>

CRF m/s

10

o
N
o
5
o

60 80 100
DW%

Key)
See [lable F.1 or Table E.2

Figure F.1 — Profile'for the higher flow rate (at left) with an average value of 18,63 m/s and the
lower flow rate (at left) with an average value of 17,55 m/s

F.2| €rest factor

ThecrestTactor or peak-to-average ratio, VPEAK/VAVG, 1S @ measurement of a Ilow proiile, calculated as
the ratio between the measured peak value of the flow profile and the average value of the flow profile.

For the high flow profile, the crest factor is:

M=M=1,174 (F1)
VAVG 18,63

For the low flow profile, the crest factor is:

Vepak _ 20,77

=1,184 (F.2)
VAVG 17,55
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