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Foreword

[SO (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.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Introduction

Non-intrusive (clamp-on) ultrasonic meters (USMs) have become one of the accepted flow measurement
technologies for awide range of applications, including process and control measurements. Non-intrusiveness
also brings characteristics relevant for economics, safety, and environment. Ultrasonic technology has
inherent features such as no pressure loss and wide rangeability. USMs can deliver diagnostic information
through which it may be possible to demonstrate that an ultrasonic flowmeter is performing in accordance
with specification.

This document provides a description of the non-intrusive (clamp-on) meter, typical application areas, the
measures which should be used in assessing the likely performance in terms of error, repeatability and
reproducibility when used under ideal and non-ideal operational conditions.

© IS0 2023 - All rights reserved
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Measurement of fluid flow in closed conduits — Clamp-on
ultrasonic transit-time meters for liquids and gases

1 Scope

This document specifies requirements and recommendations for non-intrusive (clamp-on) ultrasonic

flowmeter
closed con
but can als

This docut
conditions

2 Norm

The follow
requireme
the latest ¢

[SO 4006, ]

3 Term

For the puj
ISO and IE

ISO On
IEC El¢

3.1 Qua

3.1.1
volume fld

qy

d

qV:E

(T Shs), witich usethetransit tinme of uitrasonic Sigmats to measure the VolumetTic
Huits. Transit time flowmeters are predominantly used on single-phase fluids (liquid
p be used where small quantities of additional phases are present.

ative references

ng documents are referred to in the text in such a way that some’or all of their content
hts of this document. For dated references, only the editionm¢ited applies. For undated
dition of the referenced document (including any amendments) applies.

fleasurement of fluid flow in closed conduits — Vocabilai'y and symbols

s and definitions
poses of this document, the terms and definitions given in ISO 4006 and the following
[ maintain terminology databases fortuse in standardization at the following addresse

line browsing platform: available-at https://www.iso.org/obp

ctropedia: available at https://www.electropedia.org/

ntities

wrate

flowrate in
and gases)

nent specifies performance, calibration, and output characteristics, and deals with installation

ronstitutes
references,

apply.

[92)

where

4

t
[SOURCE: I
3.1.2

is volume;

is time

SO 80000-4:2006, 4-31[2]]

mean flow velocity

%

vglumeﬂowrate (3.1.1) divided by the cross-sectional area of the pipe
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path veloc
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ity

average fluid velocity on an ultrasonic path

3.14
Reynolds number
Rep,
dimensionless parameter expressing the ratio between the inertia and viscous forces in the fluid
v,D v,D
ReD = p A :_A
u Viv

where

o is density;

vy is the mean flow velocity;

D is the pipe internal diameter;

u is the dynamic viscosity;

Viy  [is the kinematic viscosity
3.2 Meter design
3.21
ultrasoniq path
path travelled by an ultrasonic signal between a pair ofultrasonic transducers
3.2.2
electronidqunit
part of the|meter that controls the transducers; processes the signals into a flowrate and provides outputs
(see 4.2.3)
3.3 Thermodynamic conditions
3.31
metering conditions
conditions] at the point of measurement, of the fluid of which the volume flow is to be measured
Note 1 to entry: Also knowiras operating conditions or actual conditions.
3.3.2
standard ¢onditions
defined terpperature and pressure conditions used in the measurement of fluid quantity so that the standard
volume is thevrelume-that-would-be-eccupied byaquantityof fluidiitwereat standard-temperature and
pressure

Note 1 to entry: Standard conditions may be defined by regulation or contract.

Note 2 to entry: Not preferred alternatives: reference conditions, base conditions, normal conditions, etc (see ISO 91[3]),

Note 3 to entry: Metering and standard conditions relate only to the volume of the fluid to be measured or indicated
and should not be confused with rated operating conditions or reference conditions (see ISO/IEC Guide 99:2007, 4.9

and 4.11[4]),

which refer to influence quantities (see ISO/IEC Guide 99:2007, 2.52[4]),

© IS0 2023 - All rights reserved
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3.4 Statistics

3.4.1
error

measured quantity value minus a reference quantity value

[SOURCE: ISO/IEC Guide 99:2007, 2.16[41]

3.4.2

repeatability (of results of measurements)
closeness of the agreement between the results of successive measurements of the same measurand carried
out under the same conditions of measurement

— the sanpje measurement procedure;

— the sanpe observer;

— the sanpje measuring instrument, used under the same conditions;

— the sanpe location;

— repetit

Note 3 to en

on over a short period of time.

[ry: Repeatability may be expressed quantitatively in terms-of'the dispersion characteristics o

[SOURCE: ISO/IEC Guide 98-3:2008, B.2.15[5]]

3.4.3
reproduci

bility (of results of measurements)

closeness qf the agreement between the results of méasurements of the same measurand carriec
changed cqnditions of measurement

Note 1 to enftry: A valid statement of reproducibilityrequires specification of the conditions changed.

Note 2 to enftry: The changed conditions may include:

— principle of measurement;

— method of measurement;

— observ

br;

— measuying instrumeft;

— refererfce standard;

— locatio

— conditiba

— time.

1;

the results.

| out under

Note 3 to entry: Reproducibility may be expressed quantitatively in terms of the dispersion characteristics of the

results.

Note 4 to entry: Results are here usually understood to be corrected results.

[SOURCE: ISO/IEC Guide 98-3:2008, B.2.16[3]

3.4.4

resolution
smallest difference between indications of a meter that can be meaningfully distinguished

© IS0 2023 - All rights reserved
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meter reading when the fluid is at rest, i.e. both axial and non-axial velocity components are essentially zero

3.4.6

uncertainty (of measurement)
parameter, associated with the result of measurement, that characterizes the dispersion of the values that
could reasonably be attributed to the measurand

Note 1 to entry: The parameter may be, for example, a standard deviation (or a given multiple of it), or the half-width
of an interval having a stated level of confidence.

Note 2 to entry: Uncertainty of measurement comprises, in general, many components. Some of these components may

be evaluate

experiment
are evaluaté

pa=rey oS

hl standard deviations. The other components, which can also be characterized by standard
d from assumed probability distributions based on experience or other information.

Note 3 to enftry: It is understood that the result of the measurement is the best estimate of the yalue of the

and that all
with correc

[SOURCE: |

3.4.7
standard 1
u
uncertaint

[SOURCE: |

3.4.8
expanded
U
quantity d
fraction of

[SOURCE: 1
Note 1 to en
Note 2 to en

3.49
coverage 1
numerical
(3.4.8)

[SOURCE: ]

Components of uncertainty, including those arising from systematic effects, such as\eémponent
fions and reference standards, contribute to the dispersion.

SO/IEC Guide 98-3:2008, B.2.18151]

incertainty

y of the result of a measurement expressed as a standarddeviation

SO/IEC Guide 98-3:2008, 2.3.1(51]

uncertainty

efining an interval about the result of a measurement that may be expected to encomy
the distribution of values that couldieasonably be attributed to the measurand

SO/IEC Guide 98-3:2008, 2.3.5[2]]
try: The large fraction is normially 95 % and is generally associated with a coverage factor k =
try: The expanded uncertainty is often referred to as the uncertainty.

actor
Factor used as:.amultiplier of the standard uncertainty in order to obtain an expanded

SO/IEGGuide 98-3:2008, 2.3.6[21]

3.5 Cali

d froso tha ctatictioa]l dicteibaeion of+ha paclec of o cariac of s curaraante and oo o choeo t riz d b
dfrom-the-statistical-distributien-eftheresults-of a-series-efmeasurementsand-ean-be-charqcterized by

deviations,

measurand,
5 associated

ass a large

1,96.

incertainty

bration

3.5.1

flow calibration

calibration

3.6 Sym

of a meter against a reference using fluid flowing through the meter

bols and subscripts

The symbols and subscripts used in this document are given in Table 1 and Table 2.

© IS0 2023 - All rights reserved
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Table 1 — Symbols

4 Princ‘iple of measurement

Quantity Symbol Dimension? SI unit
Cross-sectional area of pipe A L2 m?2
Speed of sound in fluid c LT-1 m/s
Internal pipe diameter D, L m
External pipe diameter D, L m
Integers (1.2.3.,,) ijn — 1
Calibration factor K — 1
Path-geometry factor K, Lbor LT1¢ mb orm/s ¢
Velocity profile correction factor K, — 1
Minimum distance to a specified upstream flow disturbance Lin L m
Path lengtHh L, L m
Absolute piiessure p ML-1T72 Pa
Volume floyvrate av 131 m3/s
Pipe Reynolds number Re;, — 1
Transit timp ter T S
Delay time to T S
Compressibility Z M-1LT- Pa'l
Pipe wall thickness 1) L m
Dynamic viscosity ML-1T-! Pas
Kinematic yiscosity Viey L2T-1 m?2/s
Density of fhe fluid p ML-3 kg/m3
Angle between ultrasonic path and pipe axis o) — rad
a M =mass; L =length; T = time; ® = temperature.
b Non-reffacting configuration.
¢ Refracting configuration.
Table 2 — Subscripts
Subscript Meaning
cal under calibration conditions
meas measured (uncorrected)
op under operational conditions
true actual (corrected)

4.1 General

This subclause is a generic description of USMs for liquids and gases. It recognizes the scope for variation
within commercial designs and the potential for new developments. For the purpose of description, USMs
are considered to consist of several components, namely:

a) transducers and mounting arrangement

b) electronic data processing and presentation unit.

© IS0 2023 - All rights reserved
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4.2 Generic description

Ultrasonic transit time clamp-on flowmeters measure non-intrusively. Figure 1 outlines the basic system
setup to demonstrate the principle. A pair of transducers is located on the outside of the pipe. The transducers
are alternatively working as transmitter and receiver. Ultrasonic pulses are sent through the fluid, in the

flow direction, and against it. The transit-time t, 4, of the ultrasonic signal propagating in the flow

direction (down-stream) is shorter than the transit-time ¢ of the signal propagating against the flow

me_up
direction (up-stream). The average flow velocity v, on the sound path is directly proportional to the

measured difference At in transit timel6l:

vy = Ct At (1)
cos@ (¢t Lt 2+
roorme_up me_dn U/
The delay fime ¢t is the portion of the transit time outside the flowing fluid. The average of the frpnsit times
measured pipstream and downstream is the transit time ¢, at zero flow:
1

Eir :E tme_up T tme_dn ) (2)
The angle g, and the sound speed c; in the coupling wedge define the propagation angles § and ¢ in the
pipe wall and the fluid according to Snell’s law:

Kg _ Ce _ CA _ c (3)

cCPpsP, cosds cos@
Kg could bg denoted as the path-geometry factor, according:to.[¢] The ultrasonic signal is shiftjed in axial
direction while propagating through the flowing fluid. K, defines the ratio of the shift to the timg difference
measured.|With Formulae (2) and (3), Formula (1) resultstin:
At
v, = Kg _— (4)
2(ttr —ty )

When mul{iple paths are installed a weightéd\sum of the path velocities is calculated.
The mean yelocity is obtained by applying a velocity profile factor, K, which expresses the relationship
between the mean velocity v, and-the measured path velocity v;:

vy =K} v, (5)
The velocity profile factor; K, is calculated by the meter based on an empirical model of the flow profile
assuming 4 fully deyeloped turbulent flow profile. The model is parameterized by the Reynolds number and
the roughnless of theinner pipe wall. The influence of upstream flow disturbances can be correctdd based on
experimental oriyalidated computational evaluation.
The volume flowrate is given as the product of the mean velocity and the cross-sectional area A of the pipe:

qy =AVy (6)
With Formulae (4), (5) and (6) the meter formula for the volume flowrate would be:

At
Gy =A-Ky Ky ———— (7)
P e 2(ttr —ty )

© IS0 2023 - All rights reserved
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between ultrasonic path and pipe axis

Figure 1 — Basic system-setup of clamp-on flowmeter

hnsducers

s are the transmitters afd receivers of the ultrasonic signal. They can be supplied
ically, they comprise @a_piezoelectric element with electrode connections and a
| structure with which)the process connection is made.

lucers frequency-is defined by the materials used and its dimensions, in the case of pi
he lateral dimenSions and thickness of this element.

f an appropriate frequency will be dependent on the application. It mainly depends
\s a rough orientation, the proportion of the ultrasonic wavelength to the pipe diamg

be kept wi

are used on bigger pipes and higher frequencies on smaller pipes. In addition, the attenuation inc

fhinl alcertain range. As the wavelength decreases with increasing frequency, lower f]

in various
supporting

pzoelectric

n the pipe
bter should
requencies
eases with

the frequency. Therefore, if the fTuid has a high ultrasonic attenuation, a [ower frequency may be beneficial.
Another aspect is the resolution of the time measurement which increases with the frequency. Refer to

manufactu

rer guidance for the best choice for a particular application.

There are two main types of transducers used for clamp-on transit-time flow measurement: shear wave and
Lamb wave. It is most common to find shear wave transducers used on liquid applications however both
shear and Lamb wave transducers can be used for gas flow measurement.

Typical arrangements are shown in Figure 1 and Figure 2. To measure the axial velocity, the transducer
transmits ultrasonic waves at a non-perpendicular angle to the pipe axis in the direction of a second
transducer or reflection point on the inner pipe wall.

© IS0 2023 - All rights reserved

7


https://standardsiso.com/api/?name=8f76b80faf433a702ac17e6f8bcbeace

ISO 24062:2023(en)

Shear wave transducers (see Figure 2 a)) operate by the direct transmission of the ultrasound through both
pipe and media and are conventionally the standard for ultrasonic liquid meters. They are called shear wave
as they are designed to produce a shear wave in steel pipes and pipe materials of similar sound speed. They
are, however, suitable for most pipe materials and most liquids and are not constrained by pipe thickness
within the capability of the individual instrument and application.

Lamb wave transducers (see Figure 2 b)) involve ultrasonic signals being excited into the pipe at an
appropriate frequency for the pipe wall which causes the pipe to become part of both the transmitting
and sensing device. The active transmission area of the pipe wall created is several times the length of the
actual transducer, resulting in broader signal characteristics which allow measurements over a wider range
of operating conditions. Lamb wave transducers are not suitable for the measurement of flow on all pipe
materials and will have pipe thickness limitations.

a) Shear wave configuration b) Lamb wave configuration

Figure 2 — Shear and lamb wave configurations

Since the t
of a refract
optimal tr:
uncertaint

4.2.2 UN

4.2.21 (

Although ¢
specificati

Sound path
configurat
typically le
paths and

path (see 6
as shown i

ransducers are external to the pipe wall boundary, the beam is always refracted. Th¢
ed beam is governed by Snell’s law as shown.in Formula (3). The beam geometry dete
insducer position. If the transducers are no¥placed at their optimal position, the m¢
y increases.

rasonic path configurations

teneral

lamp-on meters can be delivered with the transducers mounted on a spool piece
n, they usually are ifistalled on existing pipe.

s are either directpaths as shown in Figure 3 a) or reflect paths as shown in Figure 3 b}
ons are shown.in Figure 3 c) and Figure 3 d). Velocity measurements made on multipl
ss susceptible to non-ideal upstream flow conditions than those made on a single path
rrossed direct paths are much less sensitive to non-axial velocity components than a si
.2.1). . The effect of non-symmetrical flow profiles can be reduced by installing in muly

h Figutre 3.

b geometry
rmines the
asurement

to factory

. Two-path
e paths are
Reflecting
ngle direct
iple planes

In order to IMCTease the transit time I the fiuid, the muttipte reflection of the sigmat at tie mmer pipe wall
can be used. Instead of consisting of only two paths a reflecting configuration can consist of 4 or more paths.
With a direct path configuration, the number of paths can be 3 or more. This will increase the resolution
when measuring on small pipes.

The different path configurations can be described as follows.
4.2.2.2 Same side
This is referred to in different ways, "Reflection” being one (Figure 3 b)). It can also be defined by the number

of reflections of the ultrasonic signal within the pipe: "V" or "Two Paths/Passes" and "W" or "Four Paths/
Passes" are common.

© IS0 2023 - All rights reserved
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4.2.2.3 Opposite side

This is sometimes referred to as, "Diagonal”, “Crossed” or "Direct" mode (Figure 3 a)). It is also referred to by
the number of "Paths/Passes" such as "1" or "3". A single path/pass may also be named “Z mode”.

This method may be more difficult as the location of the transducers is not easily visible around the
circumference of the pipe. It has the advantage of being able to maximise the available received signal by
shortening the path length. This is particularly useful on liquids with higher solid or gaseous content.

e e

4 Ja— 5 i
i G N 5
P = A b
< i . V
| e - | f |
1 3 3 ] 3 7 =
| ¥ A d
i : y ' ' g
) - |

: <P
I-:-’/---‘ e y 4 /}a&,f
a) Direct paths b) Reflecting paths
| F R g
‘I"‘-‘.. — = - \"\.‘ :|,_,. “"‘. l"-“l‘ \\ o \;},/‘\\_ o
c¢) Crossed direct paths d) Dual reflecting paths

Figure 3 — Ultrasonic path types configurations

A flow profile can be represented by a vector field. The vectors can be expressed as the composition of an
axial component and a radial component. With a fully developed flow profile the radial components are
zero and the axial components‘ave rotationally symmetric. Any disturbance will cause radial cgmponents,
also called cross flow or swirl and asymmetry of the axial components. The sensitivity to spich profile
distortiony depends on the/path configuration. Cross flow is strongly compensated by refldcting path
configurat]ons as showqinf Figure 3. Cross path configurations have the same effect. However, the effect on
the axial component.isnot compensated for. Asymmetries can be reduced by installing multiple planes of
measurement as shown in Figure 3 d).

4.2.3 Eléctronic unit functionality

In addition to the transducers, USMs comprise an electronic unit (sometimes referred to as the Meter
Electronics or as a Transmitter) which accomplishes the following functions:

— Generation of a signal to drive the transducers

— Receiving and processing the signal returned from the transducers in order to determine the transit
times

— Performing calculations and diagnostic functions to interpret the processed signal
— Providing a user interface

— Displaying the flowrate

© IS0 2023 - All rights reserved
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ay be housed with the transducers or connected to them.

4.3 Special considerations

43.1 Ga

S

The operating principle and meter formula are the same for gases and liquids. So, there is no principal
difference between measuring flow of gas and flow of liquids. However, with gas the signal amplitude
decreases with decreasing pressure. Therefore, manufacturers specify a lower limit for pressure.

Signal amplitude depends on the loss the ultrasonic signal experiences when propagating from the
transmitting transducer to the receiving transducer by crossing the pipe wall boundaries and the fluid.

At each bo
insertion 1
sides of thg
proportion

While pro

propagatian loss. The absorption in gas increases with decreasing pressure.

The differe
density of
with decre
high.

4.3.2 Ex

The measu

and transducer wedge. Once the temperature exceeds the range of the transducers, they will lose

to generatg

It may the;
normal rarj

An option
transduce
pipe allow
created all
should be i

[t is import
the proces

44 Add

cluded in the uncertainty estimation.

Iindary between different materials a part of the signal energy is lost by reflection. T}
pss. The insertion loss depends on the difference in acoustic impedance of the materi

al to pressure. Therefore, the insertion loss increases with decreasing pressure.

pagating through the fluid the signal amplitude decreases due to absorption. Thi

nce between clamp-on measurement on gases and liquids is that, dépending on gas pr
bas is much lower than the density of liquids. This can cause a High insertion loss whic
sing pressure. With very low pressure, depending on the type of gas, also the absorp

[reme temperatures

rement range of the transducer will be defined by the materials used for both the pi

an ultrasonic pulse and cease operation.

efore be necessary for manufacturers to have options for making measurements ouf
ge both at the upper and lower ends-of the scale.

s to use a thermal barrier between the surface of the pipe and the measurement suj
. This generally takes theform of a metallic plate or rod which is coupled to the sur
ng propagation of the ultrasonic signal from the transducer, into the pipe. A thermal
bwing the transducers.toTemain within their standard operating conditions. However,

ant to consulwthe’'manufacturer to determine if the transducers being offered are suit
5 conditions:

jtionalmeasurements

is is called
hls on both

e boundary. Acoustic impedance is the product of sound speed and density. The density of gas is

s is called

essure, the
N increases
tion can be

P70 crystal
the ability

side of the

face of the
face of the
gradient is
the impact

able under

4.4.1 Stz

indard volume flow

When the effect of temperature and pressure on the density of the fluid is not negligible the measured
volume flow is converted to volume flow at standard temperature and pressure.

Gases are compressible. Their density strongly depends on pressure and temperature. Therefore, with gas
measurement applications, standard volume correction usually is required. The correction is calculated
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using temperature and pressure T and p at operating conditions, standard temperature and standard

pressure T, and p, and the compressibility factors at operating and standard conditions Z and Z:

p T Z
= _— 8
qs =qy 0. T 2 (8)
The compressibility factors account for the difference between the real gas and an ideal gas. They depend on

the gas composition. The calculation is defined in several International and American standards[ZI[€l,

Liquid flow measurement applications may require standard volume correction. Standard volume

correction

for liquid flow is calculated by multiplying the measured volume flow with a volume correction factor, Vip:

qs =qy 'VCF

Several industry standards define the calculation of the volume correction factor. The caorrect
carried out by the flow transmitter, by an external flow computer or by the user in the control sy

4.4.2 Hédat flow

Clamp-on filtrasonic flowmeters can be used to measure the heat flow of heating or cooling sy§
volume flow measurement is supplemented with a temperature measurenient at the supply
line. Using|clamp-on temperature sensors enables a non-intrusive heat flow measurement. Th¢
is calculat¢d from the volume flow measured in the supply or the return line, the temperature

9

ion can be
Stem.

tems if the
hnd return
b heat flow
difference

between sypply and return line and the specific heat capacity of the-fluid.

4.4.3 Mg3ss flow

rements of
ity can be

The mass flow can be derived by multiplying the volumetric flow with density if input measu
pressure and temperature are available. If the fluid composition is constant and known, den;
calculated [from the relationship between the fluid density and the pressure and temperature.

additional
| mixtures

If the fluid
considerat
consisting

composition can change, in some applications the density can be calculated with
on of the directly measured sound speed. Examples are hydrocarbons and fluig
of only two components.

5 Test and calibration

5.1 General

ements for calibration of clamp-on meters may be substantially different from the requirements
eters. The calibration requirement depends on the application.

The requir
for other nj

5.2

Individuaktesting — Flow calibration under flowing conditions

5.2.1 General

A clamp-on USM may be calibrated against a volumetric reference to demonstrate that it meets the
manufacturer specification under ideal conditions. Results are based on the measurement setup and
conditions during calibration. The specific measurement setups and conditions shall be considered when
calibration results will be used in any other application.

One of the main advantages of clamp-on USMs is that they can be retrofitted to existing pipework to measure
the flow. If required, a clamp-on flowmeter can be calibrated as a package when the device is attached to a
pipe spool. This pipe should be preferably supplied by the end user. However, if the device is dissembled
from the pipe the calibration of the “package"” is no longer valid and this should be stated on the calibration
certificate.

© IS0 2023 - All rights reserved

11


https://standardsiso.com/api/?name=8f76b80faf433a702ac17e6f8bcbeace

ISO 24062:2023(en)

A flow calibration in a laboratory working to ISO/IEC 17025[2] can be used to assess the influencing factors
due to operating conditions in the piping system. The flow calibration delivers a set of systematic errors, as
a function of the Reynolds number, actual flowrate or velocity. These values can be used to correct the meter
output via a calibration curve. This is valid only for the calibration of those specific conditions.

Calibration results are dependent on measurement configuration and calibration conditions. Specific
measurement configurations and conditions shall be taken into consideration when using calibration results
in any other application.

A flow calibration performed on a pipe in the lab is not fully transferable to a different pipe in the field.
This does not preclude the issuing of a test certificate which would include details of the test and the pipe
showing the device performed to specification.

5.2.2 Laporatory flow calibration

5.2.2.1 (eneral

In summarjy, in order to minimize the uncertainty of the calibration, the calibration,shall be conducted:

a) under good inlet flow conditions;

b) under steady flow conditions;

c) over astatistically significant duration of time;

d) over the appropriate range of Reynolds numbers to describe the in-service response of the meter. A
sufficient number of points to characterize the meter respense should be taken;

e) where|possible, at a similar viscosity to meter operatingconditions. This ensures that not only Reynolds
numb€r but also flowrate is matched. If a wide range of viscosity is encountered in the|field, then
calibrgtion at more than one viscosity may be required, so that the whole Reynolds numbgr range is
covered;

f) where|possible, at a similar temperature and.pressure to meter operating conditions;

g) where|the geometry and characteristics (material, internal diameter, wall thickness ahd surface
roughimess) of the pipe are known.

5.2.2.2 Duration of the calibration

The duration of a measurement; at one single flowrate, shall be long enough to minimise the¢ effects of

random variations within the meter processes due to turbulence in the flow. It shall also be ldng enough

to allow infaccuracy due,to/response times of the meter processes, introduced by changes in flgwrate and
conditions|prior to andafter the test, to be insignificant. As with any meter calibration, the duration shall
be long enqugh to réduce the uncertainty introduced by the meter output resolution to insignificant levels.
5.2.2.3 Uncertainty of the calibration facility

The reference measurement system shall have an uncertainty smaller by a factor of at least three than the
system under test, whenever possible.

5.2.2.4 Flow conditions

The conditions at the test facility shall be such that a fully developed flow profile (or as close as possible)
is generated at the upstream of the tested flowmeter (or set of flowmeters) to avoid any additional errors
arising from flow profiles different from those encountered in actual conditions.

When calibrating a meter to compensate for operating conditions the pipework configuration should
replicate as closely as possible the final installation conditions of the meter or use the actual installation
pipework.
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5.2.2.5 Report

The calibration facility shall provide a report of the meter calibration results. The calibration certificate
should state that the results are based on the measurement setup and conditions during calibration. The
specific measurement setups and conditions shall be considered when calibration results will be used in any
other application.

The certificate shall include the conditions listed in 5.2.2.1. along with the reference method used for the

calibration and its associated measurement uncertainty.

6 Installation

6.1 Gen

The purpo
uncertaint

Installatio}

6.2 Inst

6.2.1 Up

Upstream
at the met

bral

e of this subclause is to provide guidance to the user for a robust installation with
.

1 of a clamp-on meter shall be carried out by a competent operator to minimise uncert
hllation location

stream and downstream straight pipe length requirements and path configuratig

profile disturbances like fittings, valves and bends can produce velocity profile
er location that may result in flowrate measurement-errors. The magnitude of the n

depends on the type and severity of the flow distortion and on-the sensitivity of the path confi

this distort
carrying o
this error.

[12]{13][14][1]

Table 3 prq

ion. This error may be reduced by increasing thedength of upstream straight pipes. Alf
it flow calibrations in situ or under conditions similar to metering conditions allowg
F xtensive research work on installation effeets has been completed for single-path de

minimized

pinty.

n

distortions
neter error
buration to
ernatively,

to correct
ices[10][11]

vides some guidance for any fluid onthe required straight lengths between fittings

nd a single

path clamp-on USMI[21], Table 3 should be considéred as general guidance only and may not hold trye for every
installation and meter. It is further assumed that ideal flow profile exists preceding the last disturbance
before the[selected meter run. Additional straight pipe length might be required if this is not the case. An
indication jof the magnitude of any Specific effect can be obtained through testing in a laborafory under
similar hydraulic conditions.

Table 3 — Guidance for straight lengths between fittings and single-path USM

Straight lengths required to reduce

Disturbance installation effect to less than

+2 % error +5 % error
Copnical ¢ontraction 5D; 0
Conical expansion 20D; 5D;
Single 90° bend 20D; 15D;
“U” bend (Two close coupled 90° bends) 25D; 10D;
Two close coupled 90° bends in perpendicular planes 50D; 20D;
Butterfly valve %3 open 20D; 10D;
Globe valve %5 open 15D; 5D;
Gate valve %5 open 20D; 5D;

If the USM provides a disturbance correction these distances could potentially be reduced with due
consideration to the user specific upstream pipework and the additional residual uncertainty associated
with this disturbance correction function as advised by the meter manufacturer. The impact of a non-
ideal velocity profile can be mitigated by using multi-path configurations as described in 4.2.2. Sources of
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hydraulic disturbances downstream of the meter are considered to have less effect on the measurement.
Guidance from manufacturer is typically 2-5D; straight lengths downstream[14].

6.3 Transmitter programming

When a clamp-on USM is installed, the user will be required to input site specific parameters. These
parameters are likely to include but are not limited to:

pipe outside diameter and pipe wall thickness and lining or pipe inside diameter
pipe material

pipe lining material (if applicable)

pipe r(
fluid ty

Pipe outsid
the cross-{
External d
with a me
also provi
provide fu
uncertaint

ughness

pe and fluid temperature

transducer type and arrangement (if required)

e diameter and wall thickness should be measured on site as they areused by the USM {
ectional area of the pipe and thus have a significant effect on yvolumetric flow me
ameters may be confirmed using callipers on smaller pipes, or<bymeasuring the cirg
hsuring tape. Wall thickness can be confirmed with an ultrasonic thickness gauge,
e a speed of sound reading that can be used to confirm-the pipe material. 8.3.1.1

o calculate
hsurement.
umference
which may
hnd 8.3.1.3

ther guidance on how to perform these measuremerntsvin order to minimise mg
. Using data from pipe specifications will result in increased measurement uncertai

from prodiction tolerances in pipe geometry.

Depending]
list that ref

From the ¢

Formula (5

on the manufacturer, the user may be prompted.to select the pipe material and fluid 4
erences parameters stored in the transmitter!

hoice of pipe material, the speed of sound in the pipe wall is used to calculate the
) and the delay in the pipe wall Formula’(A.8).

From the fluid type and temperature, the/sound velocity of the fluid is determined and used t

the path a
signal arrij
profile cor
profile cor

The effect

Depending]
flow, heat f

6.4 Pres

hgle Formula (5) in the fluid to determine transducer position and an estimate of th
al time Formula (A.13). Thewiscosity of the fluid is used to calculate the Reynolds nunj
rection Formula (5). In addition, the roughness of the pipe wall can be used as a param
Fection.

bf these parameters’on meter performance is described in Clause 8.

on the manufacturer, the user may perform additional measurements such as stand

sure:and temperature inputs

If standard

| volume flow is required, pressure, p and temperature, T inputs to the meters will

low or mass.flow. 4.4 provides further guidance on how to perform these measuremer

asurement
nty arising

ype from a

path angle

o calculate
e expected
ber for the
bter for the

ird volume
1ts.

enable the

correction of actual volumetric flowrate to standard volume flowrate as defined in 4.4. The measurements of
p and T should be taken from instruments located as close as possible downstream of the flow measurement
point so that the pressure and temperature are representative of those at the flowing conditions. In practical
terms using a clamp-on temperature sensor will allow live temperature measurement however live pressure
measurement requires a pressure sensor tap in the pipe. It is recommended to insulate the area of the pipe
where the clamp-on temperature sensor is installed to minimize environmental impact. If no pressure and
temperature measurement are available, then fixed values may be used but would have a potential impact
on overall uncertainty for standard volume flowrate.

Inputs can also be used to adjust application parameters during measurement or determine power or energy
transfer.
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6.5 Transducer installation

6.5.1 Transducer type

See 4.2.1 and refer to manufacturer guidance.

6.5.2 Transducer orientation

When installing the transducers, the user has two choices; to mount the transducers on the same side of the
pipe, or on opposite sides of the pipe. Each method has both advantages and disadvantages (see 4.2.2). It
would be recommended to avoid placing transducers on either the top or bottom on a horizontal pipe unless

unavoidable. This is to avoid potential air pocket and debris affecting the ultrasonic signal.

6.5.3 Co

6.5.3.1 (

Good soun
transducer
transduce
treatment.

There are

6.5.3.2 (

In simple t

upling

feneral

 propagation between the transducer face and the pipe requires that there is no air b
face and the pipe surface. This is achieved by using a coupling meansmhich fills any gaj
face and pipe surface. Well maintained pipe surfaces usually fulfikthis condition with
This means that paint doesn’t need to be removed if it is not loose.

hree recognised methods of achieving good coupling:

tel

erms any viscous liquid could act as an acoustic cguplant for the flow transducers but

such as humidity, temperature and location need to be considered. If the installation is a tempora

a water-ba

sed substance may be used for simplicity, though in humid conditions a fat or oil-based

may be m

For perm
be considg

:Le suitable.
ent installation a gel can still be used but the long-term environmental conditio

red in order to ensure continued. teliable measurement. The gel may need to be 1

btween the
bs between
but further

conditions
'y one then
substance

hs need to
eplaced or

replenished periodically. Each manufacturér would be able to make a recommendation as to theif preferred
substance and quantity to use.

6.5.3.3 Yolid coupling pad

An alternative to a gel-based €ouipling is a solid pad or foil. This is not essential but does have theladvantage
of providing greater protection against climatic events. The manufacturer should be consulted pn the best
material td use should a-8qlid coupling be deemed to be the most suitable method.

6.5.3.4 High teniperature couplant

For higher|temperatures thin strips of appropriate material can be used to provide an acoustjc coupling
between thetransducer assembly and the pipe.

6.5.4 Transducer mounting

In order to achieve and maintain a good acoustic contact between the transducers and the pipe it is essential
that they remain securely in place for the duration of the measurement. This dictates a mounting method
that can be resistant to vibration or atmospheric/ambient conditions. The mounting system used varies
across manufacturers and depends on whether the device is for temporary or permanent use.

For temporary installation, metallic chains, fabric straps, or magnetic rails may be used successfully
according to the conditions. For permanent installation steel rails are a popular choice as is stainless steel
banding.

Examples of some of the available mounting systems are shown below.
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Figure 4 — Metallic chain mounts

i

Figure 6 — Mount rails
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Figure 7 — Fabric straps

L §

Figure 8 — Smalkdiameter pipe mounting

It is imporjtant that the horizontal, verticaliand lateral alignment of the transducers is maintgined at all
times. Attention should be paid to the potential for temperature changes within the process or exposure to
the ambier]t conditions. Thermal expansion or contraction of the pipe can cause the transducer mounting to
tighten and break, or loosen, eitherway causing loss of measurement.

6.6 Gas considerations

When meaguring gas flewtypically a noise dampening material is necessary in order to reduce tHe so-called
pipe signals (see 4.3)iManufacturers should provide noise dampening material and instructionf of how to
apply it. The need fer)applying noise dampening increases with decreasing pressure. Meter diaghostics can
indicate if the dampening of pipe signals is sufficient.

Control valves produce acoustic noise that can affect the signal quality. Valve noise can be feduced by
avoiding locations close to valves and by avoiding straight pipe between the valve and the location of the
meter. The meter may indicate the noise level as low signal to noise ratio (SNR).

6.7 Cable

If the USM is sensitive to the characteristics of the individual transducer cable, then the cable should be
treated as an integral part of the meter and should be marked with a warning indicating which characteristic
is not to be changed, e.g. length. The use of the manufacturer supplied cable is recommended.
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6.8 Additional installation effects

6.8.1 Non-steady flow

Pulsations

and non-steady flow beyond the manufacturer’s specifications shall be avoided.

6.8.2 Contamination by secondary phase

Like other measurement techniques, successful, accurate measurement of flow using ultrasonic clamp-on
techniques in fluids with a second phase such as solids, multi liquid or gas can be more problematic. Refer to

manufactu

This is du

rer guidance on performance when a secondary phase is present.

rement is a

velocity mg
phase and
techniqued
each applig

Individual

to sional attenuation as a result of reflection or refraction. Since transit time measu
5

pasurement, accuracy is likely to be impacted because the measured velocity will béXg
may not take into account the velocity of the second phase. Corrections for this, for
are not easily derived from physical models and may require testing to determine th
ation.

manufacturers can advise on the best way to handle such circumstances and how

systems can be configured to function most accurately under such circumstanges.

Fluids sucH

Measurem
distributio
make the

Produced ¥

as drilling mud, paper pulp etc. where the solids content is high cahcause high signal a

ent of flow in liquids where there is gas present is highly deépendent on the gas cont]
n within the liquid. High concentrations of gas will restrict’'the passing of ultrasound
heasurement unreliable.

vater from offshore and onshore oil installationsgds a measurement that requires ca

of potential second phase as a result of gassing off in additieh to a mix of water with variable sal

small hydr|
measurem
vapour pre

An applica
is below 5

that ultras
phase caus

pcarbon content. Research has been performed to identify the points in a production t
bnt was possible or not recommended. It waS‘observed that where the line pressure is
ssure then successful measurement wags.less likelyl[22],

fion that is well understood is wet.gas:Per definition the LVF (Liquid Volume Fraction]
Do and the XLM (Lockhart Martimelli Number) is below 0,3. Laboratory testing has der
pnic transit time meters may be applicable under these conditions. The over reading
es can be partly-corrected if the relevant process parameters are knownl[23],

6.8.3 Vibration

USMs shoy
frequencie
exceed tho

ld not be exposed-to vibration levels or vibration frequencies that might excite {
5 of electronicSystem boards, components or ultrasonic transducers. Vibration levels
e specified by-the manufacturer.

6.8.4 Thlermalinsulation

In some ci}

climstances, insulating the meter and pipework may be necessary to avoid incurring

r the main
ultrasonic
e limits for

the meter

ktenuation.

ent and its
and could

re because
inity and a
rain where
Close to the

of wet gas
honstrated
' the liquid

he natural
should not

additional

uncertainty:

In low Reynolds number applications, where the flow may be in laminar or transitional regimes, insulation
may be effective in preventing the formation of thermal gradients, which can result in additional uncertainty
in the path geometry factor (see 8.3.3). In order for insulation to be effective in laminar and transitional
flows, insulation should be applied from a point upstream, where the flow is well mixed, up to and including

the meteri

tself and the straight pipe immediately downstream of the meter.

© IS0 2023 - All rights reserved

18


https://standardsiso.com/api/?name=8f76b80faf433a702ac17e6f8bcbeace

ISO 24062:2023(en)

6.8.5 Stratification
Stratification can occur especially when measuring gas flow under the following conditions:

a) where the velocity of the fluid is low and the pipe on which the transducers are located is in the
horizontal plane; or

b) where two gases come together with the same composition but with differing temperatures.

Lighter gases such as hydrogen will rise to the top of the pipe and the heavier gases will drop to the lower
section of the pipe. This results in a velocity profile that is not characterised by the normal formulae and as
a result, the measured path velocity may not be representative of the bulk velocity in the line. It also means

that the measured speed of sound for the chosen path could be dlfferent from the speed of sound for the gas

being meas
but would
given in th
obtain the

6.8.6

In addition
transducer
not cause

reduction in signal strength, also limits number of reflections with reflecting path configuration

roughness
thickness 1

6.8.7 Non-Newtonian fluids

Care shall
profile will
uncertaint

Measurem
may not be

6.9 Ope

The diagn
manufactul
speed of sg

6.9.1 Fluid speed of sound

Fluid soun
speed of sg
is the case

Wall roughness signal considerations

nost llkely result ina loss of accuracy at lower Ve10c1t1es Partlcular attentlon should (s
s situation to meter location and to the selection of the number and position of paths|i
best possible measurement accuracy.

to affecting the profile (see 4.1), the internal roughness of the section of pipework|
s are installed can also cause significant scattering of the ultrasphie’signal. In many cq
h measurement error, but can cause the meter to fail to read-Rougher pipework, oy

can also affect the estimation of the pipe internal diameterfrom pipe outside diamet
heasurements.

be taken with the use of clamp-on USMs with*non-Newtonian fluids. The effect on t
cause a change to the profile factor and therefore there is likely to be an increase in me

.

ent of raw velocity may be possible, biit the corrected velocity and volumetric flowratg
representative of the flowrate ifi the line.

rational diagnostics

bstic values produced\by the meter provide data for verification of the installatio
Irer guidance on th€ir-tse. Most manufacturers provide gain, signal to noise ratio and
und but the diagneostics provided can vary by manufacturer.

d speed-can be used to verify the geometry of installation, or assumptions on the f
und of the fluid is known, it can be compared to the speed of sound measured by the
with many pure liquids like water or for example with natural gas when the gas con

s of signal
erefore be
in order to

where the
ses, it does
ving to the
5. Pipe wall
br and wall

he velocity
asurement

calculated

n. Refer to
measured

luid. If the
meter. This
position is

known. Fluid sound speed depends on temperature and in case of gases also on pressure. So, in order to use
sound speed for meter verification these parameters shall be known.

The measurement of speed of sound is based on the geometry of the measurement section and the transit
time measurement. Therefore, a difference between the expected and measured speed of sound is caused
either by the time measurement uncertainty or an error in the geometry of the meter or both. These are
either an error in measured inner pipe diameter, wall thickness or transducer spacing.

Pipe linings can be particularly problematic. The presence of a liner may not always be known. If it is
known, then the liner material and thickness may not be known. The presence or absence of a liner can
often be deduced from the diagnostic facilities on the meter, for example poor signal strength readings or
inconsistencies in the calculated sound speed.
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6.9.2 Gain

Gain can be used for predictive maintenance. The gain is the value by which the amplifier increases the
ultrasonic signal in order to enable the electronics to measure the transit time. The gain therefore indicates
the signal amplitude. Transmitters incorporate automatic gain control to compensate for changing
attenuation of the ultrasound in the pipe wall and in the fluid.

A change of gain over time, therefore, indicates a change of attenuation. If the fluid has not changed,
this potentially indicates build up on the inner pipe wall, degradation of transducer coupling or even a
degradation of the transducers.

6.9.3 Signal to noise ratio

Signal to npise ratio (SNR) can be used to verify the electrical installation. Signal to noise ratie_dlepends on
both, signdl amplitude and noise. A certain noise level is unavoidable and signal amplitude canVary widely
between different types of application. A low SNR therefore does not necessarily indicate bad mdasurement
condition. Manufacturer may provide guidance on the minimum SNR required and.én,the vallue of SNR
expected with a certain signal amplitude.

An SNR below the expected value can indicate wrong or insufficient installation of‘electric shieldling on the
transducei] cabling or the presence of strong electromagnetic disturbances; Another potential] source of
noise are cpntrol valves which are used in gas facilities.

7 Maintenance

Maintenanfe of a clamp-on ultrasonic meter is generally limitéd to the need to confirm the ¢perational
diagnostics (see 6.9) are within the expected limits and £o “inspect the mounting of the tfansducers
periodically to ensure that the coupling to the pipe remainseliable and that alignment remains cprrect. The
following ghould be considered:

1%

— Wher¢g coupling gel is used, the gel can dry out leading to poor coupling and should be replaced;

— Couplipg pads should be checked to ensuré-that they remain in good condition and provifle suitable
coupling;

— Vibrat]on, being knocked and envirenmental factors can cause the transducers to become digplaced and
requirk reinstallation or realignmetit;

— Attachment straps can become stretched, thus loosening the attachment of the transducers, dnd require
retightening;

— Deteripration of the/pipe surface due to, for example, corrosion can degrade the couplinfg or cause
transducer movement:

Changes in the intermal condition of the pipe due to fouling, tuberculation and corrosion will cjuse errors
in measur¢ment-as the internal dimensions change. Changes in the thickness of the pipe wall material may
be detected by'earrying out checks using, for example, an ultrasonic thickness gauge. The meter ¢an then be

reprogrammed with the new dimensions and the transducers reinstalled, if necessary It should be noted

that such checks are unlikely to detect changes in dimensions due to internal fouling.

8 Uncertainty in measurement

8.1 General

All calculations here are based on the methods presented in ISO/IEC Guide 98-3:2008!2]. The uncertainty
calculation is based on the mathematical model of the measurement. This allows the user to quantify the
sensitivity of the measurand to each input uncertainty caused by the flowmeter and the application. The
input uncertainties caused by the flowmeter are determined by the manufacturer in the factory and/
or by calibration in a laboratory. All input uncertainties estimation should be performed using calibrated
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instruments, and if not possible, estimated by validated methods. In order to allow the user to perform the
calculation, the manufacturer shall provide these input uncertainties. Uncertainties caused by the application
conditions are determined during installation, usually based on guidance given by the manufacturer.

The standard uncertainty of each input quantity is evaluated, and the combined uncertainty is derived by
propagation of uncertainty. A coverage factor can be applied to report an expanded uncertainty with a higher
level of confidence; usually the coverage factor is k = 2, resulting in a level of confidence of approximately

95 %

8.2 Mathematical model

With Formula (10) given in 4.2, the volume flow measurand on one acoustic path is:

qy =4

The relativj

2
Uy (QV
The detaild
this Formu|

Contri
delay

— Caontributions from the installation are the uncertainty in cross sectional area of the pip¢

pr

mg

Th
th
m
co
snj

Only t
other
factor

Bd
co

Caontributions from the flowmeter are the\uincertainty of the path-geometry factoj

At
& 2(ttr _tO)

e standard uncertainty of volume flow is calculated by propagation of uncertainty:

K,-K

to

2
):urz(A)+ur2(Kp)+ur2(Kg)+ur2(ttr)+[t ] ur2 (t0)+ur2 (At)

tr

of derivation of Formula (11) are shown in A.1.5. A few conclusions can be drawn dil
la (11) without doing numerical calculations.

butions from the installation are separated from contributions from the flowmeter ex
ime.

pfile factor.

pasurement.

e delay time consists of the time ity the transducer determined in the factory and {
b pipe wall calculated by the flolvmeter based on the wall thickness and sound speed
nterial. The sensitivity for delay. time is the ratio of delay time to the time in the fluid
htribution of the delay time:uincertainty will be small when the time outside the fly
jaller than the time in the fluid which usually is the case.

he transit time difference causes an uncertainty contribution depending on flow ve
contributions are constant for a given installation. The uncertainty contribution of
may show a dependence on Reynolds number.

cause the \transit time difference increases with the flow velocity, its relative g
htribution/decreases with flow velocity. The transit time difference also increases wi

th

lelllgth by using reflect mode installation or multiple reflections will have the same effecf.

b sigrial'propagates through the fluid, and so increases with the pipe diameter. Increasi

(10)

(11)

rectly from

rept for the

» and of the

and time

he time in
of the wall
hence the
id is much

ocities. All
the profile

ncertainty
th the time
hg the path

The uncertainty of time measurement is related to signal frequency which is given by the transducer

frequency. A transducer of a given frequency will enable lower uncertainty in time measurement
when it is used on the upper end of its specified range of pipe diameters.

In the following, the individual uncertainty contributions in Formula (11) are evaluated. Numerical examples
for the combined standard uncertainty are given in A.1.4.
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uation of the contributory variances

8.3.1 Uncertainty of the cross-sectional area, u(4)

The cross-sectional area (Figure 1) is calculated from the internal pipe diameter by Formula (12):

A:%Df

(12)

Propagation of uncertainty from this formula yields following relative uncertainty of cross-sectional area to

Formula (13):

up (4)=

Because Fd
area is doy
the internd

Zur (D: )

(13)

rmula (12) contains the squared internal diameter the relative uncertainty of the ¢ros
ble the relative uncertainty of the internal pipe diameter. This underlines the.rneed {
| diameter accurately.

Clamp-on filtrasonic meters usually are installed without interrupting the pipelihe: Therefore, t

diameter i

D1 =De

The relativi

ur(Di)_

Thus, the u
of the exte

8.3.1.1

The wall 1
thickness g
knowledge
sound spe¢
Thus, the
in the wall

In operatid

Small ¥

The m

usually calculated from the external diameter D, and wall thickness ¥ as given in Fo
-20
e uncertainty of the measurement of internal pipe diamete¥ u,. (D, ), is given by Form
2 2
_u(D,)? +[2u(0)]
D.

1

ncertainty of the cross-sectional area, u(A), i$determined by the uncertainty of the me
rnal diameter, u(D, ), and the uncertainty of the measurement of the wall thickness, u

Incertainty of measurement of wall'thickness

hickness at the transducer_location can be measured non-intrusively by an ultra
auge, which measures the transit time of an ultrasonic signal through the pipe wall. Th
of the wall material. Ultrasonic thickness gauges usually provide a choice of materials
ds pre-programmed, thetigh some also allow direct input of the material sound spee
ncertainty of wall thickness measurement is determined by the uncertainty of the sq
and by the unceptainty of time measurement specified for the thickness gauge.

nal situation$,incertainty in the speed of sound in the wall arises from:
Fariatiois in the speed of sound due to the precise composition of the material;

hterial selection on the thickness gauge not having the correct grade of the material.

s-sectional
0 measure

he internal

rmula (14):
(14)

ila (15)
(15)

asurement

(9)-

sonic wall
isrequires
with their
1 if known.
und speed

These uncertaimties ray be Tmimimised if coupors takemr fronT the pipe or offcuts are avaitable @
measured and used to calibrate the thickness gauge.

nd may be

Generally, the wall thickness varies around the circumference of the pipe and also along the pipe axis, due to

factors suc

by a th

h as:

Natural variations during the manufacturing process;

ickness gauge);

Variations in lining thickness;
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— Thedistribution of the reinforcing material(s) in the binder (matrix) in composite materials (e.g. concrete,
GRP, cement linings).

In order to measure the average wall thickness, it is recommended to take eight points around the pipe
circumference and take these measurements at three different axial positions at the transducer location.
The uncertainty of the average acquired by this method depends on the character of the variations of the
wall thickness. Variations caused by manufacturing tolerances usually are averaged very accurately by
taking eight circumferential points. The uncertainty depending on the number of thickness measurement
points can be estimated by taking a second measurement at another eight positionings in between the
previous measurement points. The difference between the two measurements can be used as an estimate
for the uncertainty of the mean.

Some uncertainties can remain which should be considered on a site-by-site basis. This will include difficulty
in detecting lining materials, particularly if they are poorly adhered to the internal pipe wall. However, when
the sound $peed of the fluid is known, in certain cases it can be possible to deduce the thicknéss pf the liner
from the trjansit time through the measurement setup.

8.3.1.2 Direct measurement of internal diameter

On some sites, a tapping may be available to permit an internal gauging rod to be inserted. The
of the gauge shall be considered when evaluating the uncertainty in the cross=sectional area.

ncertainty

Additionallerrors may be incurred due to, for example:

Axial 1

hisalignment of the probe which will induce a positive error;

Measu c centre of

the pip

rement across a chord, i.e. where the gauging rod does hot pass through the geometr
e, leading to a negative error;
The user nlay add an additional component of uncertainty, toe account for such errors.

ities in the

As tapping]
pipe wall, ¢
increase u

s are often only available on one, or at masttwo diameters, pipe ovality and irregular
.g. due to uneven linings, corrosion or, tuberculation, can be difficult to identify and y

vill further
cannot be

hcertainty. This method is of benefitlon pipes were ultrasonic wall thickness gauged
used.

8.3.1.3 Uncertainty of measurementof external diameter

The exterral pipe circumference at the transducer location can be measured with a measuring
allowing the external diameter(to be calculated. The uncertainty of the tape determines the ung
the externgl diameter. With small pipes, direct measurement of the diameter using a calliper w
more practical.

tape, thus
ertainty of
ill often be

Pipes are 1
the circumn

ot perfectly. found; a degree of ovality is often present and therefore the diameter varies around
ference{Provided that the degree of ovality is small, a measuring tape used to mleasure the
circumfergnce allows a good average of the diameter to be calculated. This will represent the|equivalent
diameter of anfideally round pipe of the same cross-sectional area as the real pipe. When using a dalliper, the
average di£meter should be calculated from multiple measurements taken around the pipe circumference.

When measuring the external diameter or circumference of a pipe, care shall be taken to ensure that the
measurement is conducted perpendicular to the pipe axis. If the calliper or tape is slightly skewed, then the
measurement will have a positive error which is a function of the angle of skew. The measured diameter or
circumference will be a factor of (1/cos 0) larger than the true value, where 6 is the angle of skew. In order to
minimise such errors, a number of measurements should be taken and the lowest used.

8.3.2 Uncertainty in the velocity profile, u(K,)

The uncertainty caused by the flow profile depends on the upstream conditions, upstream pipe length,
Reynolds number, pipe roughness, and path configuration as described in 4.2.2. Manufacturers usually
specify the uncertainty for fully developed turbulent flow because this is the condition for which the models
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for flow profiles provided by fluid dynamics are applicable. Fully developed turbulent flow requires ideal
upstream conditions and a Reynolds number greater than 10 000.

Many devices include Reynolds number correction which allows for the change in velocity profile in the
laminar flow region. However, there is likely to be an increase in uncertainty in the transition region
between laminar and turbulent flows, which will typically occur between Reynolds numbers of 5 000 and
10 000. However, the extent of this effect will vary from meter to meter and manufacturer’s guidance should
be sought if the meter is to be used at Reynolds numbers below 10 000.

The uncertainty under non-ideal conditions can be determined by testing in a flow lab or by CFD calculation.
The influence of upstream flow conditions on the uncertainty of the profile factor is nearly identical with all
types of clamp-on meters since all meters described in this standard use diametric paths. However, different
path configurations can be used. This regards the number of paths and whether they are installed in reflect

mode or if
paths are 1
when using

Some man

pipe config
the remain

8.3.3 Un

These uncg
quantify al
clock resol

The uncer
uncertaint
within the

8.3.4 Un

The uncert

the time m
factory ang

8.3.5 Un

The delay
transit tim|

tO :Zt

The uncert

The transittime-inth

direct mode (see 4.2.2). In particular, cross flow compensating configurations like
much less sensitive to upstream flow conditions than single direct paths (see 4.2)2).
b test results, the path configuration used at a specific test needs to be considered:

ifacturers incorporate settings within their devices that allow the user to‘spécify thg
uration and hence allow for profile distortion in the measurement. Manufacturers shi
ing uncertainty when using these settings.

certainty of the path-geometry factor, u(K,) and time measurement

rtainties depend on the transducers and the measurementtransmitter. A manufacturg
1 uncertainty for the measurement system consisting of transducers and transmitte
ition) or quantify both contributions separately.

fainty in the path geometry factor, u(K,) is dependent on the transducer geomet
y in time measurement is dependent on %oth the' transducer frequency and process
transmitter such as the clock frequency. Manufacturers shall provide these uncertaint

certainty of time measurement

ainty u(t.. ) and u(At) of transit tithe' measurement and time difference measurement

easurement capability of the flowmeter. These values are determined by the manufact
| shall be provided to the user.

certainty of the delay time, u(t;)

fime is the sum oftwice the transit time in the transducer’s coupling wedge, t; , ang
e in the pipe wall;t,,, as given in Formula (16):

+2t,,

ainty\of the delay in the coupling wedge is determined in the factory.

reflecting
Therefore,

P upstream
all provide

br may also
(including

'y and the
ing factors
y factors.

depend on
urer in the

| twice the

(16)
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beed in the
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pipe wall. Therefore, the relative uncertainty of the transit time in the wall is determined by the uncertainty
of time measurement of the meter and the uncertainty of the sound speed in the wall.

The total uncertainty contribution of delay time includes the sensitivity c,; =tg /(ty —to)- Usually, the

delay time is less than 1/10 of the transit time. Therefore, the contribution of the uncertainty of delay time,
usually, is small.

8.3.6 Effect of multiple paths

Using multiple paths by installing multiple pairs of transducers will reduce the uncertainty of all
contributions that are not correlated between the paths. The uncertainty of the cross-sectional area of the
pipe is not reduced.
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Non-correlated contributions are those that vary randomly between the paths, like the uncertainty of the
time measurement and the uncertainty of the path-geometry factor. The reduction for these random effects
equals the square root of the number of paths assuming a Gaussian probability distribution for these effects.

Multiple pa

ths will reduce the uncertainty in profile as discussed in 8.3.2.

8.4 Additional effects on measurement uncertainty

While 8.2 and 8.3 explain how the total uncertainty can be calculated based on the meter formula and the
contributing uncertainties this clause provides guidance on assessing the total uncertainty experimentally.
This is useful for effects that are not fully covered by the meter formula.

The total uncertainty associated with the measurement system can be obtained from repeated tests on a

flow calibrption rig. This should be carried out on a length of pipe for which the geometry and psoperties are

known wi

8.4.1 Ef

Most instr
meter to n
grades of s
them, and
calculated
was progrs
field by ob|
condition ¢

Published
to uncerta
known pre

8.4.2 Effe

Incorrect &

prior to operation. Consult manufacturer‘guidelines on the best way for this to be achieved

characteriy
of the refrd

Manufactul
speeds coj
concentrat]

The preser
sound in th

8.4.3 Re

ect of pipe material on sound speed

himents will offer the user a choice of materials, but the range of materials offered v
neter. It is also unlikely to include all variants of a specific material, for example 4

hence the refraction angles as the signal passes into or out of them are different. Thi

ymmed with an incorrect pipe materialll4l. This effect candbe‘assessed in the laborato
serving the change in meter reading caused by a change'in the pipe material setting

Lables of sound speeds in different materials alle’ the user to estimate the likely c

cisely.

a low uncertainty.

tainless steel. Taking stainless steel as an example, these have different sound spee

path length, and hence the measured velocity. Errors have been observed when an

f constant flow.

nty by examining the variability of sound speeds for similar materials where the mat

ct of fluid sound speed

ssumptions in the characteristics*of-a fluid can lead to an increase in uncertainty if no

tic is the sound speed of thetultrasonic signal through the fluid which will affect the
ction angles passing froni the wall into the fluid and the path length.

rers will typically proyide a range of pre-programmed fluids with their correspon
rering common applications. However, sound speeds may change if the fluid is
ion, for example

ice of contaminhants, including dissolved material, within a fluid are likely to alter t}
e fluid which can be difficult to quantify. This should be assessed on a site-by-site bas

producibility of transmitter mounting

aries from

he various
s through
5 alters the

nstrument
y or in the
under the

ntribution
erial is not

[ corrected
The main
calculation

ling sound
h different

le speed of
S.

Removal and reattachment of ultrasonic transducers in the same location can give rise to a change in
the measurementl13l, The user can carry out such an assessment on each individual installation under
the condition of a constant flow by repeating the installation. The results should be included within the
uncertainty budget.

8.4.4 External influences

The impact of influence conditions such as ambient temperature and variations in power supply are generally

negligible.

However, this should be evaluated for specific instruments by laboratory tests.
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Annex A
(informative)

Example of uncertainty calculation

eral

e of this annex is to demonstrate how the general procedure described in Clause 8 ca

to concretd
numbers u
should be 4

The uncer
user to qu
the applica
in the fact
determine
instrumen

A.1.1 M4

With Formpla (10) given in 8.2, the relative standard uncertainty’of volume flow is given as:

2
Up (qV

The detail
requires ey

examples. All calculations here are based on the methods presented in ISO/IEC Guide
sed for the uncertainty contributions in this clause are chosen in order to provide-exarn
dapted for particular applications and devices and are not universal for all applicatior]

Lainty calculation is based on the mathematical model of the measuremient. This
hntify the sensitivity of the measurand to each input uncertainty caused: by the flow

bry and provided to the user. The input uncertainties caused by ¢he’application con
1 during installation, usually based on guidance given by the manufacturer and using
's, and if not possible, estimated by validated methods.

thematical model

to
ttr - tO

2
):urz(A)+ur2(Kp)+ur2(l(g)+ur2(ttr)+( ] u.? (tg)+u,? (At)

5 of derivation of Formula (A.1) are shown in A.1.5. The calculation of the total y
raluation of the contributary varianeesas shown in the following subclauses.

be applied
98-3[21, All
hples. They
.

allows the
meter and

ition. The input uncertainties caused by the flowmeter are determinéd by the manufacturer

ditions are
calibrated

(A1)

ncertainty

A.1.2 Installation conditions

The follow|ng values for the installation conditions are used in these examples:
— pipe external diameter: 219,1 mm;

— pipe wall thickness: 5,0 mm;

— fluid: water;

— range of path velocity: 0,3to5m/s;

— fluid tgmperature: 20 °G;

upstream flow conditions:

30D after a single 90° bend.
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A.1.3 Evaluation of the contributory variances

A.1.3.1 Uncertainty of the cross-sectional area, u(A4)

The uncertainty of cross-sectional area is given with Formula (12) in 8.3.1 as Formula (A.2):

Up (A)=

2ur (Di)

(A.2)

The internal diameter is determined by measuring the external diameter and the wall thickness. The
relative uncertainty of the measurement of internal pipe diameter is given with Formula (14) in 8.3.1 as

Formula (A.3):

[

ur(Di)_

The wall th
depends o
the longit

results in
neglectablg
u(6)=>5mj

The stand
measure i

With Formpulae (A.2) and (A.3) this results in a relative uncertainty of cross-sectional area of:

Vu(De )" +[2u(8)]"
D.

1

ickness is measured by an ultrasonic wall thickness gauge. The uncertainty;ofthis mq
the uncertainty of time measurement and the uncertainty of sound speedin the wall
dinal sound speed of carbon steel is ¢;, =5920 m /s, and its uncertainty'is u(cy, ) =40

i relative uncertainty of u, (cy,)=0,68% . Assuming that the time measurement ung
p compared to the uncertainty of sound speed, this results in an uncertainty of wall t
m-0,68% =0,04 mm.

hrd uncertainty of the measurement of external diameter made with a circumfer
assumed to be u(D,) = 0,2 mm.

uy (A)

A132 U

The uncert
meter is in
profile und

“(Kp)
Ky
A133 U

The stand{
assumed t

F2u, (Di)=2

Ju(D, )2 +[2u(8)]? _2\/0,22+(2~0,04)2
D- B 219,1-2-5

1

=0,2%

ncertainty in the velocity profile, 1K)

ainty caused by the flow profile-depends on the upstream flow conditions. In this e
stalled at 30D after a 90° bend. It is assumed that the standard uncertainty caused 1
er these conditions is determined by testing to be as in Formula (A.5):

=0,3%

ncertainty.of the path-geometry factor, u(K,)

ird uncertainty of the path-geometry factor is determined in the factory. In this ex
b bé U(K,) = 0,3 %. The temperature dependency of K, is assumed to be largely co

(A.3)

asurement
Assuming
m /s, this
ertainty is
hickness of

bntial tape

(A4)

kample the
by the flow

(A.5)

ample it is
mpensated

for by the

eter. Tﬁe remaining uncertainty due to temperature is negligible in this example H

ecause the

installation is near reference temperature.

A.1.3.4 Uncertainty of the time measurement

The uncertainty of time measurement is related to signal frequency which is given by the transducer
frequency. In these examples it is assumed that the ratio of standard uncertainty of time measurement to
signal period T is a constant:

u(ty)

Ty

u(At)
=0,1; ~)_3F 4
To
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