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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards 
bodies (ISO member bodies). The work of preparing International Standards is normally carried out 
through ISO technical committees. Each member body interested in a subject for which a technical 
committee has been established has the right to be represented on that committee. International 
organizations, governmental and nongovernmental, 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 ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ISO draws attention to the possibility that the implementation of this document may involve the use 
of (a) patent(s). ISO takes no position concerning the evidence, validity or applicability of any claimed 
patent rights in respect thereof. As of the date of publication of this document, ISO had not received 
notice of (a) patent(s) which may be required to implement this document. However, implementers are 
cautioned that this may not represent the latest information, which may be obtained from the patent 
database available at www.iso.org/patents. ISO shall not be held responsible for identifying any or all 
such patent rights.

Any trade name used in this document is information given for the convenience of users and does not 
constitute an endorsement. 

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and 
expressions related to conformity assessment, as well as information about ISO's adherence to 
the World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see 
www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 30, Measurement of fluid flow in closed 
conduits, Subcommittee SC 5, Velocity and mass methods.

Any feedback or questions on this document should be directed to the user’s national standards body. A 
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Non-intrusive (clamp-on) ultrasonic meters (USMs) have become one of the accepted flow measurement 
technologies for a wide 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.
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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 
flowmeters (USMs), which use the transit time of ultrasonic signals to measure the volumetric flowrate 
in closed conduits. Transit time flowmeters are predominantly used on single-phase fluids (liquid and 
gases) but can also be used where small quantities of additional phases are present.

This document specifies performance, calibration, and output characteristics, and deals with 
installation conditions.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content 
constitutes requirements of this document. For dated references, only the edition cited applies. For 
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 4006, Measurement of fluid flow in closed conduits — Vocabulary and symbols

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 4006 and the following apply.

ISO and IEC maintain terminology databases for use in standardization at the following addresses:

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

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

3.1 Quantities

3.1.1
volume flowrate
qV

q V
tV = d

d

where

 V is volume;

 t is time

[SOURCE: ISO 800004:2006, 431[2]]

3.1.2
mean flow velocity
vp
volume flowrate (3.1.1) divided by the cross-sectional area of the pipe

1© ISO 2023 – All rights reserved  
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3.1.3
path velocity
vl
average fluid velocity on an ultrasonic path

3.1.4
Reynolds number
ReD
dimensionless parameter expressing the ratio between the inertia and viscous forces in the fluid

Re
D D

D
A Av v

= =
ρ

µ νkv

where

 ρ is density;

 vA is the mean flow velocity;

 D is the pipe internal diameter;

 μ is the dynamic viscosity;

 νkv is the kinematic viscosity

3.2 Meter design

3.2.1
ultrasonic path
path travelled by an ultrasonic signal between a pair of ultrasonic transducers

3.2.2
electronic unit
part of the meter that controls the transducers, processes the signals into a flow-rate and provides 
outputs (see 4.2.3)

3.3 Thermodynamic conditions

3.3.1
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 known as operating conditions or actual conditions.

3.3.2
standard conditions
defined temperature and pressure conditions used in the measurement of fluid quantity so that the 
standard volume is the volume that would be occupied by a quantity of fluid if it were at 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]).

   © ISO 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[4]]

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

Note 1 to entry: These conditions are called repeatability conditions.

Note 2 to entry: Repeatability conditions include:

— the same measurement procedure;

— the same observer;

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

— the same location;

— repetition over a short period of time.

Note 3 to entry: Repeatability may be expressed quantitatively in terms of the dispersion characteristics of the 
results.

[SOURCE: ISO/IEC Guide 983:2008, B.2.15[5]]

3.4.3
reproducibility (of results of measurements)
closeness of the agreement between the results of measurements of the same measurand carried out 
under changed conditions of measurement

Note 1 to entry: A valid statement of reproducibility requires specification of the conditions changed.

Note 2 to entry: The changed conditions may include:

— principle of measurement;

— method of measurement;

— observer;

— measuring instrument;

— reference standard;

— location;

— conditions of use;

— time.

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 983:2008, B.2.16[5]]

© ISO 2023 – All rights reserved  
 

3

iTeh STANDARD PREVIEW
(standards.iteh.ai)

ISO/FDIS 24062
https://standards.iteh.ai/catalog/standards/sist/8359db50-44af-4aa5-94a0-d07f0c8b74f3/iso-

fdis-24062



ISO/FDIS 24062:2023(E)

3.4.4
resolution
smallest difference between indications of a meter that can be meaningfully distinguished

3.4.5
zero flow
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 evaluated from the statistical distribution of the results of a series of measurements and can 
be characterized by experimental standard deviations. The other components, which can also be characterized 
by standard deviations, are evaluated from assumed probability distributions based on experience or other 
information.

Note 3 to entry: It is understood that the result of the measurement is the best estimate of the value of the 
measurand, and that all components of uncertainty, including those arising from systematic effects, such as 
components associated with corrections and reference standards, contribute to the dispersion.

[SOURCE: ISO/IEC Guide 983:2008, B.2.18[5]]

3.4.7
standard uncertainty
u
uncertainty of the result of a measurement expressed as a standard deviation

[SOURCE: ISO/IEC Guide 983:2008, 2.3.1[5]]

3.4.8
expanded uncertainty
U
quantity defining an interval about the result of a measurement that may be expected to encompass a 
large fraction of the distribution of values that could reasonably be attributed to the measurand

[SOURCE: ISO/IEC Guide 983:2008, 2.3.5[5]]

Note 1 to entry: The large fraction is normally 95 % and is generally associated with a coverage factor k = 1,96.

Note 2 to entry: The expanded uncertainty is often referred to as the uncertainty.

3.4.9
coverage factor
numerical factor used as a multiplier of the standard uncertainty in order to obtain an expanded 
uncertainty (3.4.8)

[SOURCE: ISO/IEC Guide 983:2008, 2.3.6[5]]

3.5 Calibration

3.5.1
flow calibration
calibration of a meter against a reference using fluid flowing through the meter

   © ISO 2023 – All rights reserved
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3.6 Symbols and subscripts

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

Table 1 — Symbols

Quantity Symbol Dimensiona SI unit
Crosssectional area of pipe A L2 m2

Speed of sound in fluid c LT−1 m/s
Internal pipe diameter Di L m
External pipe diameter De L m
Integers (1.2.3. ,,,) i,j,n — 1
Calibration factor K — 1
Path-geometry factor Kg Lb or LT−1 c mb or m/s c

Velocity profile correction factor Kp — 1
Minimum distance to a specified upstream flow disturbance lmin L m
Path length lp L m
Absolute pressure p ML−1T −2 Pa
Volume flowrate qV L3T−1 m3/s
Pipe Reynolds number ReD — 1
Transit time ttr T s
Time delay t0 T s
Mean axial fluid velocity v LT−1 m/s
Mean axial fluid velocity of the cross-sectional area vA LT−1 m/s
Mean axial fluid velocity on ultrasonic path, l vl LT−1 m/s
Compressibility Z M−1LT− Pa1

Pipe wall thickness δ L m
Dynamic viscosity μ ML−1T−1 Pa s
Kinematic viscosity νkv L2T−1 m2/s
Density of the fluid ρ ML−3 kg/m3

Angle between ultrasonic path and pipe axis ϕ — rad
a M ≡ mass; L ≡length; T ≡ time; Θ ≡ temperature.
b Non-refracting configuration.
c Refracting configuration.

Table 2 — Subscripts

Subscript Meaning
cal under calibration conditions

meas measured (uncorrected)
op under operational conditions

true actual (corrected)

© ISO 2023 – All rights reserved  
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4 Principle of measurement

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.

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 tme_dn  of the ultrasonic signal 
propagating in the flow direction (down-stream) is shorter than the transit-time tme_up  of the signal 
propagating against the flow direction (up-stream). The average flow velocity vl  on the sound path is 
directly proportional to the measured difference ∆t  in transit time[6]:

v
c t

t t tl
t

t
=

+ −( )cosφ
∆

me_up me_dn 2 0

 (1)

The delay time t0  is the portion of the transit time outside the flowing fluid. The average of the transit 
times measured upstream and downstream is the transit time ttr at zero flow:

t t ttr = +( )1

2
me up me dn_ _  (2)

The angle φδ  and the sound speed cδ  in the coupling wedge define the propagation angles β and γ  in 
the pipe wall and the fluid according to Snell’s law:

K
c c c

g = = =δ

δ

β γ

cos cos cosφ β γ
 (3)

Kg could be denoted as the path-geometry factor, according to.[6] The ultrasonic signal is shifted in 
axial direction while propagating through the flowing fluid. Kg defines the ratio of the shift to the time 
difference measured. With Formulae (2) and (3), Formula (1) results in:

v K t
t tl =

−( )g

tr

∆
2 0

 (4)

When multiple paths are installed a weighted sum of the path velocities is calculated.

The mean velocity is obtained by applying a velocity profile factor, Kp , which expresses the relationship 
between the mean velocity vA  and the measured path velocity ν l :

v KA l= ⋅p ν  (5)

The velocity profile factor Kp  is calculated by the meter based on an empirical model of the flow profile 
assuming a fully developed turbulent flow profile. The model is parameterized by the Reynolds number 
and the roughness of the inner pipe wall. The influence of upstream flow disturbances can be corrected 
based on experimental or validated computational evaluation.
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The volume flowrate is given as the product of the mean velocity and the cross-sectional area A of the 
pipe:

q AV A= ⋅ν  (6)

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

q A K K t
t tV = ⋅ ⋅

−( )p g

tr

∆
2 0

 (7)

Key
ϕt incident wedge angle
ϕw pipe wall refracted angle
lp path length
ϕ angle between ultrasonic path and pipe axis

Figure 1 — Basic system setup of clamp-on flow meter

4.2.1 Transducers

Transducers are the transmitters and receivers of the ultrasonic signal. They can be supplied in various 
forms. Typically, they comprise a piezoelectric element with electrode connections and a supporting 
mechanical structure with which the process connection is made.

The Transducers frequency is defined by the materials used and its dimensions, in the case of 
piezoelectric elements, the lateral dimensions and thickness of this element.

Selection of an appropriate frequency will be dependent on the application. It mainly depends on the 
pipe diameter. As a rough orientation, the proportion of the ultrasonic wavelength to the pipe diameter 
should be kept within a certain range. As the wavelength decreases with increasing frequency, lower 
frequencies are used on bigger pipes and higher frequencies on smaller pipes. In addition, the attenuation 
increases with the frequency. Therefore, if the fluid has a high ultrasonic attenuation, a lower frequency 
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