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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards 
bodies (ISO member bodies). The work of preparing International Standards is normally carried out 
through ISO technical committees. Each member body interested in a subject for which a technical 
committee has been established has the right to be represented on that committee. International 
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work. 
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of 
electrotechnical standardization.

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 documents 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).

Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of 
any patent rights identified during the development of the document will be in the Introduction and/or 
on the ISO list of patent declarations received (see www.iso.org/patents).

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.

ISO 5167-1 was prepared by Technical Committee ISO/TC 30, Measurement of fluid flow in closed conduits, 
Subcommittee SC  2, Pressure differential devices, in collaboration with the European Committee for 
Standardization (CEN) Technical Committee CEN/SS  F05, Measuring instruments, in accordance with 
the Agreement on technical cooperation between ISO and CEN (Vienna Agreement).

This third edition cancels and replaces the second edition (ISO 5167-1:2003), which has been technically 
revised

The main changes are as follows:

—	 improved consistency between ISO 5167-1 to ISO 5167-6 (some items that were new in ISO 5167-5 
and ISO 5167-6 have been moved to this document);

—	 a primary element has been set as part of a differential pressure metering system;

—	 a short section on diagnostics and CBM (Condition Based Monitoring) has been included;

—	 a limitation on the use of the 5 % 2° rule for an acceptable profile has been noted;

—	 improved text about uncertainty calculation and an example in Annex E has been provided;

—	 annexes on turndown and permanent pressure loss have been included.

A list of all parts in the ISO 5167 series can be found on the ISO website.

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.

v© ISO 2022 – All rights reserved	 ﻿
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Introduction

ISO 5167, consisting of six parts, covers the geometry and method of use (installation and operating 
conditions) of orifice plates, nozzles, Venturi tubes, cone meters and wedge meters when they are 
inserted in a conduit running full to determine the flow rate of the fluid flowing in the conduit. It also 
gives necessary information for calculating the flow rate and its associated uncertainty.

ISO  5167  (all parts) is applicable only to pressure differential devices in which the flow remains 
subsonic throughout the measuring section and where the fluid can be considered as single-phase, but 
is not applicable to the measurement of pulsating flow. Furthermore, each of these devices can only be 
used uncalibrated within specified limits of pipe size and Reynolds number, or alternatively they can be 
used across their calibrated range.

ISO  5167  (all parts) deals with devices for which direct calibration experiments have been made, 
sufficient in number, spread and quality to enable coherent systems of application to be based on 
their results and coefficients to be given with certain predictable limits of uncertainty. ISO 5167 also 
provides methodology for bespoke calibration of differential pressure meters.

The devices introduced into the pipe are called primary devices. The term primary device also includes 
the pressure tappings. All other instruments or devices required to facilitate the instrument readings 
are known as secondary devices, and the flow computer that receives these readings and performs 
the algorithms is known as a tertiary device. ISO 5167 covers primary devices; secondary devices (see 
ISO 2186) and tertiary devices will be mentioned only occasionally.

Aspects of safety are not dealt with in ISO 5167-1 to ISO 5167-6. It is the responsibility of the user to 
ensure that the system meets applicable safety regulations.

Additional documents that may provide assistance include:

—	 ISO/TR 3313;

—	 ISO/TR 9464;

—	 ISO/TR 12767;

—	 ISO/TR 15377.

vi 	 ﻿� © ISO 2022 – All rights reserved
�
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Measurement of fluid flow by means of pressure 
differential devices inserted in circular cross-section 
conduits running full —

Part 1: 
General principles and requirements

1	 Scope

This document defines terms and symbols and establishes the general principles for methods of 
measurement and computation of the flow rate of fluid flowing in a conduit by means of pressure 
differential devices (orifice plates, nozzles, Venturi tubes, cone meters, and wedge meters) when they 
are inserted into a circular cross-section conduit running full. This document also specifies the general 
requirements for methods of measurement, installation and determination of the uncertainty of the 
measurement of flow rate.

ISO 5167 (all parts) is applicable only to flow that remains subsonic throughout the measuring section 
and where the fluid can be considered as single-phase. It is not applicable to the measurement of 
pulsating flow.

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

ISO 5167 (all parts), Measurement of fluid flow by means of pressure differential devices inserted in circular 
cross-section conduits running full

ISO 5168, Measurement of fluid flow — Procedures for the evaluation of uncertainties

ISO/IEC  Guide  98-3, Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in 
measurement (GUM:​1995)

3	 Terms and definitions

For the purposes of this document, the terms, definitions and symbols 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/​

1© ISO 2022 – All rights reserved	 ﻿
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3.1	 Pressure measurement

3.1.1
wall pressure tapping
annular slot or circular hole drilled in the wall of a conduit in such a way that the edge of the hole is 
flush with the internal surface of the conduit

Note 1 to entry: The pressure tapping is usually a circular hole but in certain cases may be an annular slot.

3.1.2
static pressure
p
pressure which can be measured by connecting a pressure-measuring device to a wall pressure tapping 
(3.1.1)

Note 1 to entry: Only the value of the absolute static pressure is considered in ISO 5167 (all parts).

3.1.3
differential pressure
DP
Δp
difference between the (static) pressures measured at the wall pressure tappings, one of which is on 
the upstream side and the other of which is on the downstream side of a primary device [or in the 
throat for a throat-tapped nozzle, a Venturi nozzle (3.2.4) or a Venturi tube (3.2.5)], inserted in a straight 
pipe through which flow occurs, when any difference in height between the upstream and downstream 
tappings has been taken into account

Note 1 to entry: In ISO 5167 (all parts) the term “differential pressure” is used only if the pressure tappings are in 
the positions specified for each standard primary device.

3.1.4
pressure ratio
τ
ratio of the absolute (static) pressure at the downstream pressure tapping to the absolute (static) 
pressure at the upstream pressure tapping

3.1.5
vena contracta
location in a fluid stream where the diameter of the stream is smallest

3.2	 Primary devices

3.2.1
orifice
throat opening of minimum cross-sectional area of a primary device

3.2.2
orifice plate
thin plate in which a circular opening has been machined

Note 1 to entry: Standard orifice plates are described as “thin plate” and “with sharp square edge”, because the 
thickness of the plate is small compared with the diameter of the measuring section and because the upstream 
edge of the orifice (3.2.1) is sharp and square.

3.2.3
nozzle
device which consists of a convergent inlet connected to a cylindrical section generally called the 
“throat”

	 ﻿� © ISO 2022 – All rights reserved
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3.2.4
Venturi nozzle
device which consists of a convergent inlet which is a standardized ISA  1932 nozzle connected to a 
cylindrical part called the “throat”, which is itself connected to an expanding section called the 
“divergent” which is conical

3.2.5
Venturi tube
device which consists of a convergent inlet which is conical connected to a cylindrical part called the 
“throat”, which is itself connected to an expanding section called the “divergent” which is conical

3.2.6
cone meter
device which consists of a cone-shaped restriction held in the centre of the pipe with the nose of the 
cone upstream

3.2.7
wedge meter
device which consists of a wedge-shaped restriction

3.2.8
diameter ratio
β
<of a primary device used in a given pipe> square root of the ratio of the area of the throat of the 
primary device to the internal area of the measuring pipe upstream of the primary device

Note 1 to entry: In ISO 5167-2 and ISO 5167-3 the diameter ratio is the ratio of the diameter of the throat of the 
primary device to the internal diameter of the measuring pipe upstream of the primary device.

Note 2 to entry: In ISO 5167-4, where the primary device has a cylindrical section upstream, having the same 
diameter as that of the pipe, the diameter ratio is the ratio of the throat diameter to the diameter of this cylindrical 
section at the plane of the upstream pressure tappings.

3.2.9
carrier ring
device which is used to hold the primary element in the centre of the pipe and may incorporate the 
pressure tappings

3.3	 Flow

3.3.1
flow rate
rate of flow
q
mass or volume of fluid passing through the primary device per unit time

3.3.1.1
mass flow rate
rate of mass flow
qm
mass of fluid passing through the primary device per unit time

3.3.1.2
volume flow rate
rate of volume flow
qV
volume of fluid passing through the primary device per unit time

Note 1 to entry: In the case of volume flow rate, it is necessary to state the pressure and temperature at which the 
volume is referenced.

© ISO 2022 – All rights reserved	 ﻿
﻿
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3.3.2
Reynolds number
Re
dimensionless parameter expressing the ratio between the inertia and viscous forces

3.3.2.1
pipe Reynolds number
ReD
dimensionless parameter expressing the ratio between the inertia and viscous forces in the upstream 
pipe

Re
V D q

DD
m= =1

1 1

4

ν µπ

3.3.2.2
throat Reynolds number
Red
dimensionless parameter expressing the ratio between the inertia and viscous forces in the orifice or 
throat of the primary device

Re
Re

d
D= �

β

Note  1  to  entry:  When an orifice plate is used the throat Reynolds number is sometimes called the orifice 
Reynolds number.

3.3.3
isentropic exponent
κ
ratio of the relative variation in pressure to the corresponding relative variation in density under 
elementary reversible adiabatic (isentropic) transformation conditions

Note 1 to entry: The isentropic exponent κ appears in the different formulae for the expansibility [expansion] 
factor ε and varies with the nature of the gas and with its temperature and pressure.

Note  2  to entry:  There are many gases and vapours for which no values for κ have been published so far, 
particularly over a wide range of pressure and temperature. In such a case, for the purposes of ISO 5167 (all parts), 
the ratio of the specific heat capacity at constant pressure to the specific heat capacity at constant volume of 
ideal gases can be used in place of the isentropic exponent.

3.3.4
Joule Thomson coefficient
isenthalpic temperature-pressure coefficient
µ

JT

rate of change of temperature with respect to pressure at constant enthalpy:

µ
JT

= ∂
∂
T
p H

Note 1 to entry: The Joule Thomson coefficient varies with the nature of the gas and with its temperature and 
pressure and can be calculated.

Note  2  to entry:  An approximation for the Joule Thomson coefficient for some natural gases is given in 
ISO/TR 9464:2008, 5.1.5.4.4.

	 ﻿� © ISO 2022 – All rights reserved
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3.3.5
discharge coefficient
C
coefficient, defined for an incompressible fluid flow, which relates the actual flow rate to the theoretical 
flow rate through a device, and is given by the formula for incompressible fluids

C
q
A p
m

t
  =

−1

2

4

1

β
ρ∆

Note  1  to entry:  Calibration of standard primary devices by means of incompressible fluids (liquids) shows 
that the discharge coefficient is dependent only on the Reynolds number for a given primary device in a given 
installation.

The numerical value of C for any individual differential pressure meter is the same for different installations 
whenever such installations are geometrically similar and the flows are characterised by identical Reynolds 
numbers.

The formulae for the numerical values of C given in ISO  5167 (all parts) are based on data determined 
experimentally.

The uncertainty in the value of C can be reduced by flow calibration in a suitable laboratory.

Note 2 to entry: The quantity 1 1
4

/ − β  is called the “velocity of approach factor”, and C 1

1
4− β

 is called the 

“flow coefficient”.

3.3.6
expansibility [expansion] factor
ε
coefficient used to take into account the compressibility of the fluid

ε
β
ρ

=
−q

A C p
m

t

1

2

4

1
∆

Note  1  to  entry:  Calibration of a given primary device by means of a compressible fluid (gas) shows that the 
following ratio is dependent on the value of the Reynolds number as well as on the values of the pressure ratio 
and the isentropic exponent of the gas:

q
A p
m

t

1

2

4

1

− β
ρ∆

The method adopted for representing these variations consists of multiplying the discharge coefficient, C, of the 
primary device considered, as determined by direct calibration carried out with liquids for the same value of the 
Reynolds number, by the expansibility [expansion] factor, ε.

The expansibility factor, ε, is equal to unity when the fluid is considered incompressible (liquid) and is less than 
unity when the fluid is compressible (gaseous).

This method is possible because experiments show that ε is practically independent of the Reynolds number 
and, for a given diameter ratio of a given primary device, ε only depends on the pressure ratio and the isentropic 
exponent.

The numerical values of ε for orifice plates given in ISO 5167-2 and for cone meters given in ISO 5167-5 are based 
on data determined experimentally. For nozzles (see ISO  5167-3), Venturi tubes (see ISO  5167-4) and wedge 
meters (see ISO 5167-6) they are based on the thermodynamic general formula applied to isentropic expansion.

© ISO 2022 – All rights reserved	 ﻿
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3.3.7
arithmetical mean deviation of the roughness profile
Ra
arithmetical mean deviation from the mean line of the profile being measured

Note 1 to entry: The mean line is such that the sum of the squares of the distances between the effective surface 
and the mean line is a minimum. In practice, Ra can be measured with standard equipment for machined surfaces 
but can only be estimated for rougher surfaces of pipes. See also ISO 21920-3.

Note 2 to entry: For pipes, the uniform equivalent roughness ka may also be used. This value can be determined 
experimentally (see 7.1.5) or taken from tables (see Annex B).

4	 Symbols and subscripts

4.1	 Symbols

Table 1 — Symbols

Symbol Quantity Dimensiona SI unit
At Area of throat L2 m2

C Discharge coefficient dimensionless —
Cm,p Molar-heat capacity at constant pressure ML2T−2Θ−1mol−1 J/(mol⋅K)

d Diameter of orifice (or throat) of primary device under 
working conditions L m

D Upstream internal pipe diameter (or upstream diameter of a 
classical Venturi tube) under working conditions L m

H Enthalpy ML2T−2mol−1 J/mol
k Coverage factor dimensionless —
ka Uniform equivalent roughness L m

K
Pressure loss coefficient (the ratio of the pressure loss, Δϖ, 
to the dynamic pressure, ρV2/2), also known as the minor 
loss coefficient

dimensionless —

l Pressure tapping spacing L m
L Relative pressure tapping spacing: L = l/D dimensionless —
p Absolute static pressure of the fluid ML−1T−2 Pa

qm Mass flow rate MT−1 kg/s
qV Volume flow rate L3T−1 m3/s
R Radius L m
Ru Universal gas constant ML2T−2Θ−1mol−1 J/(mol⋅K)
Ra Arithmetical mean deviation of the (roughness) profile L m
Re Reynolds number dimensionless —
Red Throat Reynolds number dimensionless —
ReD Pipe Reynolds number dimensionless —

t Temperature of the fluid Θ °C
T Absolute (thermodynamic) temperature of the fluid Θ K
u Standard uncertainty c c

a		  M = mass, L = length, T = time, Θ = temperature
b		  γ is the ratio of the specific heat capacity at constant pressure to the specific heat capacity at constant volume. 
For ideal gases, the ratio of the specific heat capacities and the isentropic exponent have the same value (see 3.3.3). These 
values depend on the nature of the gas.

c		  The dimensions and units are those of the corresponding quantity.

	 ﻿� © ISO 2022 – All rights reserved
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Symbol Quantity Dimensiona SI unit
′u Relative standard uncertainty dimensionless —

U Expanded uncertainty c c

′U Relative expanded uncertainty dimensionless —
V Mean axial velocity of the fluid in the pipe LT−1 m/s
Z Compressibility factor dimensionless —
β Diameter ratio dimensionless —
γ Ratio of specific heat capacitiesb dimensionless —

Δp Differential pressure: Δp = p1 − p2 ML−1T−2 Pa
Δpc Pressure loss across a flow conditioner ML−1T−2 Pa
Δϖ Pressure loss across a primary device ML−1T−2 Pa

ε Expansibility [expansion] factor dimensionless —
κ Isentropic exponentb dimensionless —
λ Friction factor dimensionless —
μ Dynamic viscosity of the fluid ML−1T−1 Pa⋅s

μJT Joule Thomson coefficient M−1LT2Θ K/Pa
v Kinematic viscosity of the fluid: v = μ/ρ L2T−1 m2/s

ξ Relative pressure loss (the ratio of the pressure loss to the 
differential pressure) dimensionless —

ρ Density of the fluid ML−3 kg/m3

τ Pressure ratio: τ = p2/p1 dimensionless —
ϕ Total angle of the divergent section dimensionless rad

a		  M = mass, L = length, T = time, Θ = temperature
b		  γ is the ratio of the specific heat capacity at constant pressure to the specific heat capacity at constant volume. 
For ideal gases, the ratio of the specific heat capacities and the isentropic exponent have the same value (see 3.3.3). These 
values depend on the nature of the gas.

c		  The dimensions and units are those of the corresponding quantity.

5	 Principle of the method of measurement and computation

5.1	 Principle of the method of measurement

The principle of the method of measurement is based on the installation of a primary device into a 
pipeline in which a fluid is running full. The installation of the primary device causes a static pressure 
difference between the upstream side and the throat or downstream side of the device. The flow rate 
can be determined from the measured value of this pressure difference and the knowledge of the 
thermodynamic conditions, fluid properties, meter geometry and meter characteristics. It is assumed 
that an uncalibrated differential pressure meter is within the geometric and Reynolds number range 
required for the ISO discharge coefficient prediction to be valid. Alternatively, it is assumed that a 
bespoke calibrated differential pressure meter is to be used within its calibration range.

The mass flow rate can be determined, since it is related to the differential pressure within the 
uncertainty limits stated in ISO 5167, using Formula (1):

q C A pm t=
−1

2
4

1

β
ε ρ∆ 	 (1)

NOTE	 For practical implementation, this formula is expanded upon as Formula (1) of ISO 5167-2, ISO 5167-3, 
ISO 5167-4, ISO 5167-5 and ISO 5167-6.

Table 1 (continued)

© ISO 2022 – All rights reserved	 ﻿
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Similarly, the value of the volume flow rate can be calculated using Formula (2):

q
q

V
m=
ρ

	 (2)

where ρ is the fluid density at the temperature and pressure for which the volume is stated.

5.2	 Method of determination of the required diameter ratio for the selected standard 
primary device

In practice, when determining the diameter ratio of a primary element to be installed in a given pipeline, 
C and ε used in Formula (1) are, in general, not precisely known. Hence the following shall be selected a 
priori:

—	 the type of primary device to be used;

—	 a flow rate and the corresponding desired value of the differential pressure.

The related values of qm and Δp are then inserted in Formula (1), rewritten in the form of Formula (3):

C q

D p
mεβ

β ρ

2

4 2

11

4

2−
=

π ∆
	 (3)

in which the diameter ratio of the selected primary device can be determined by iteration (see Annex A).

For a given flow rate, the uncertainty of the discharge coefficient and that of the predicted differential 
pressure are directly linked, because the discharge coefficient is proportional to the reciprocal of the 
square root of the differential pressure. Consequently, care shall be taken when determining β that 
the maximum differential pressure does not exceed the upper range limit of the transmitter. This is of 
particular importance where the uncertainty of the discharge coefficient is large.

5.3	 Computation of flow rate

Computation of the flow rate, which is a purely arithmetic process, is performed by replacing the 
different terms on the right-hand side of Formula (1) by their numerical values.

C may be dependent on Re, which is itself dependent on qm. In such cases the final value of C, and hence 
of qm, is obtained by iteration. See Annex A for guidance regarding the choice of the iteration procedure 
and initial estimates.

The dimensions used in the formulae are the values of the dimensions at the working conditions. 
Measurements taken at any other conditions should be corrected for any possible expansion or 
contraction of the primary device and the pipe due to the values of the temperature and pressure of the 
fluid during the measurement.

NOTE	 For corrections due to thermal expansion or contraction see ISO/TR 9464:2008 5.1.6.1.3 and 5.2.6.4.2.

It is necessary to know the density and the viscosity of the fluid at working conditions. In the case 
of a compressible fluid, it is also necessary to know the isentropic exponent of the fluid at working 
conditions.

5.4	 Determination of density, pressure and temperature

5.4.1	 General

Any method of determining reliable values of the density, static pressure and temperature of the fluid is 
acceptable if it does not interfere with the distribution of the flow in any way at the cross-section where 
measurement is made.
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5.4.2	 Density

It is necessary to know the density of the fluid at the upstream pressure tapping; it can either be 
measured directly or be calculated from an appropriate equation of state from a knowledge of the 
absolute static pressure, absolute temperature and composition of the fluid at that location.

NOTE	 ISO/TR 9464:2008, 6.4.2 provides a method for correcting density measured downstream of a device 
to upstream conditions.

5.4.3	 Static pressure

The static pressure of the fluid shall be measured by means of an individual wall pressure tapping, or 
several such tappings interconnected, or by means of carrier ring tappings if they are permitted for the 
measurement of differential pressure in that tapping plane for the particular primary device.

 
a Flow.
b Section A-A (upstream) also typical for section B-B (downstream).

Figure 1 — “Triple-T” arrangement

Where four pressure tappings are connected together to give the pressure upstream, downstream or 
in the throat of the primary device, it is best that they should be connected together in a “triple-T” 
arrangement as shown in Figure  1. The “triple-T” arrangement is often used for measurement with 
large Venturi tubes.

It is permissible to link simultaneously one pressure tapping with differential pressure measuring 
device(s) and static pressure measuring device(s), provided that these connections do not lead to any 
distortion of the differential pressure measurement.

5.4.4	 Temperature

5.4.4.1	 Temperature measurement requires particular care. The thermometer well or pocket shall 
take up as little space as possible to avoid reducing the cross-sectional area of the pipe. Thermometer 
probes should have adequate immersion depth to ensure the fluid temperature is measured accurately. 
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Except where a cone meter is used, the temperature of the fluid shall preferably be measured 
downstream of the primary device to avoid disturbance to the flow profile affecting the primary device.

If the thermometer well or pocket is located downstream of the primary device, the distance between it 
and the primary device shall be at least equal to 5D (and at most 15D when the fluid is a gas). In the case 
of a Venturi tube this distance is measured from the throat pressure tapping plane, and the pocket shall 
also be at least 2D downstream from the downstream end of the diffuser section.

If the thermometer well or pocket is located upstream of the primary device it shall be located in 
accordance with the values given in the applicable part of ISO 5167 describing the primary device.

Within the limits of application of this document, it may generally be assumed that the downstream and 
upstream temperatures of the fluid are the same at the differential pressure tappings. However, if the 
fluid is a non-ideal gas, the lowest uncertainty is required, and there is a large pressure loss between the 
upstream pressure tapping and downstream thermowell, it is then necessary to calculate the upstream 
temperature from the downstream temperature assuming an isenthalpic expansion between the two 
points. To perform the calculation, the pressure loss, Δϖ, should be calculated from the formulae given 
in other parts of the ISO 5167 series for that primary device. Then the corresponding temperature drop 
from the upstream tapping to the downstream temperature location, ΔT, can be evaluated using the 
Joule Thomson coefficient, μJT, which is described in 3.3.4 and given in Formula (4):

∆ ∆T = µ ϖ
JT

	 (4)

NOTE 1	 Experimental work[8] has shown that this is an appropriate method for orifice plates. It is reasonably 
and widely assumed that the method works for all differential pressure meters.

NOTE 2	 Although an isenthalpic expansion is assumed between the upstream pressure tapping and the 
downstream temperature tapping, this is not inconsistent with there being an isentropic expansion between the 
upstream tapping and the vena contracta or throat.

NOTE 3	 Measurement of temperature at a gas velocity in the pipe higher than approximately 50 m/s can lead 
to additional uncertainty associated with the temperature recovery factor.

5.4.4.2	 The temperature of the primary device and that of the fluid upstream of the primary device 
are assumed to be the same (see 7.1.7).

5.5	 Differential pressure flow measurement system

5.5.1	 General

A complete differential pressure measuring system comprises several typical components as shown in 
Figure 2. Alternative configurations are equally acceptable.

The primary device is either mounted into the pipeline directly as shown or, for example in the case of 
an orifice plate, may be installed in a carrier where the differential pressure tappings are located. Some 
designs of orifice carrier facilitate the easy removal of the orifice plate for inspection or to change the 
orifice bore size without having to stop the flow and de-pressurize the system.

Interconnection of multiple tappings shall be as described in 5.4.3.
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Key
1 primary device 6 differential pressure transmitter - low range
2 isolation valves 7 pressure transmitter
3 impulse lines 8 temperature element or temperature transmitter
4 valve manifold 9 instrument communication cables
5 differential pressure transmitter - high range 10 flow computer
a Flow.    

Figure 2 — Differential pressure flow measurement system

5.5.2	 Primary device

ISO 5167-2 to ISO 5167-6 specify the meter geometry and characteristics of a selection of primary 
devices.

Whilst each primary device may operate satisfactorily for a given application, the selection of the 
most appropriate primary device for a given installation and range of process conditions should be 
determined by sound engineering judgement.
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5.5.3	 Impulse lines and transmitters

Impulse lines are used to transmit the differential pressure created by flow through the primary device 
to the differential pressure transmitter, which in turn transmits the measured differential pressure 
value to the flow computer.

Impulse lines also transmit the static pressure at the upstream tapping to the pressure transmitter, 
which in turn transmits the measured upstream pressure value to the flow computer. Impulse 
lines should only be used for measuring pressure and differential pressure. They shall not be used 
continuously for draining, venting, or sampling, as there shall be no flow in the impulse line during 
normal metering operation.

The position and orientation of the pressure and differential pressure transmitters depend on the fluid 
being measured. ISO 2186 details the requirements for connecting the impulse lines to the differential 
pressure transmitter for fluids in both horizontal and vertical piping installations.

A temperature element or temperature transmitter provides the measured temperature to the flow 
computer.

A multivariable transmitter may be used to measure more than one process parameter.

5.5.4	 Impulse line isolation valves and valve manifolds

Isolation valves enable the differential pressure transmitter and pressure transmitter to be isolated 
from the main process line for maintenance purposes. The valve manifold is used to allow the 
differential pressure transmitter to be isolated and equalised for zero differential pressure checks, 
venting and maintenance purposes.

5.5.5	 Flow computer

The computation of the flow rates from a differential pressure metering system is generally performed 
within a digital flow computer. This may be a separate “flow computer” device, or part of an integrated 
control system. Additional calculations may be carried out, including totalisation, diagnostics, and 
communications with other distributed systems.

5.6	 Differential pressure flow measurement system design considerations

5.6.1	 Flow rate turndown and stacked transmitters

The flow range of a flow meter is commonly described as the “turndown” (see Annex D).

It is common to connect two or more differential pressure transmitters of different calibrated 
ranges across the primary device to measure a wider range of flow rate; this is known as “stacking” 
the transmitters. The connection can be made on the same pair of tappings or on additional pairs of 
tappings located circumferentially around the primary device.

Some installations may duplicate the differential pressure transmitters using common or separate 
tappings in the same planes for redundancy or verification.

The flow computer shall be configured to select the in-range transmitter when performing the flow 
computations. The associated uncertainty shall be calculated using the in-use transmitter.

5.6.2	 Meter calibration

Where a user of an ISO 5167 flow metering system requires a lower discharge coefficient uncertainty 
than that stated in the relevant part associated with that primary element, or where the geometry 
differs from that described in that part, the meter shall be calibrated in accordance with Clause 7 of the 
applicable part of ISO 5167.
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The purpose of the flow calibration is to determine the discharge coefficient of an individual flow meter 
and its associated uncertainty. The meter calibration data shall not be transferred between different 
flow meters, even of the same nominal geometry.

Where the flow metering system geometry differs from that described in the applicable part of ISO 5167, 
the associated expansibility formula may require verification.

The meter calibration data can be used to apply an adjustment to the discharge coefficient value used 
within the associated flow computer. Possible methods of applying the adjusted discharge coefficient 
include:

—	 updated averaged single value;

—	 multi-point linearization algorithm (piecewise linear interpolation);

—	 polynomial algorithm.

A calibrated meter shall only be used within the calibrated Reynolds number range. The uncertainty 
outside the calibrated range is undefined.

NOTE	 For gas applications (other than those at ambient process conditions), an ambient-temperature water 
calibration is unlikely to produce the in-service Reynolds number range. The in-service Reynolds number range 
is used to help determine the choice of test facility.

5.6.3	 Permanent pressure loss

The permanent pressure loss of a metering system is the pressure loss caused by its insertion into a 
piping installation. Typically, it is assumed that the pressure is measured from a tapping D upstream 
of the metering system to a second tapping 6D downstream of the metering system. The permanent 
pressure loss is smaller than the primary element differential pressure owing to pressure recovery 
within the flow meter.

The permanent pressure loss of any metering system includes the effects due to all elements of the 
metering system that cause a difference in the flow when compared with straight pipe of the nominal 
upstream (and downstream) diameter. All elements that intrude into the flow (including primary 
elements, flow conditioners and thermowells) or otherwise cause deviation of the flow (including flange 
joints, pipe diameter changes, and other fittings) will induce a change in pressure.

The permanent pressure loss across the primary device is evaluated in the following sections:

— Orifice plates ISO 5167-2:2022, 5.4

— Nozzles ISO 5167-3:2022, 5.1.8, 5.2.8, 5.3.8 and 5.4.6

— Venturi tubes ISO 5167-4:2022, 5.9

— Cone meters ISO 5167-5:2022, 5.9

— Wedge meters ISO 5167-6: 2022, 5.9.

In the case of the Venturi tube and the Venturi nozzle the pressure loss that would have been caused by 
straight pipe if the Venturi tube or Venturi nozzle had not been installed is calculated[9] and subtracted 
from the measured pressure loss to give the values in ISO 5167-3:2022, 5.4.6 and ISO 5167-4:2022, 5.9. 
This method is used because for these primary elements the calculated pipe loss is a significant fraction 
of the measured pressure loss.

It should be noted that the permanent pressure loss of a metering system is only one component in the 
overall pressure loss across a total piping installation, i.e., the metering system permanent pressure 
loss may be small compared with the major pipe losses.

An example of a permanent pressure loss calculation for a measurement system is given in Annex F.
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The permanent pressure loss shall also be considered as part of the primary element’s “sizing” 
(including the meter type, size and β). To size the meter to remain beneath a given maximum pressure 
loss may reduce the flow rate turndown of the meter for the conditions the meter will see in service.

5.6.4	 Diagnostics and meter verification

Differential pressure meters may include diagnostics systems with additional functionality to provide 
assurance of the flow measurement, highlight potential installation issues, or indicate erroneous 
readings due to adverse conditions (such as hydrates). These may include:

—	 digital differential pressure transmitter internal diagnostic parameters;

—	 intercomparison of multiple transmitters on the same measurement;

—	 comparison of combinations of measurements across the flow meter;

—	 axial pressure profile analysis;

—	 internal or external data validation and reconciliation (DVR) techniques, including time-based or 
statistical evaluation of parameters.

Secondary variable data from digital differential pressure transmitters can also provide additional 
data for use in diagnostic systems.

Verification systems can be supported by diagnostic checks to facilitate predictive maintenance for the 
flow metering system and the associated assets. Some sections of industry are moving from flow meter 
routine scheduled maintenance schemes, i.e. periodic maintenance checks regardless of the state of the 
system, to Condition Based Monitoring schemes (CBM), i.e. only performing maintenance when it is 
required.

5.6.5	 Overall uncertainty of differential pressure metering system

The calculation of the overall uncertainty for a differential pressure metering system shall be performed 
in line with the guidance given in ISO 5168 and ISO/IEC Guide 98-3. 8.3 provides pertinent information 
on the practical computation of uncertainty. A supporting example is given in Annex E.

6	 General requirements for the measurements

6.1	 Primary device

6.1.1	 The primary device shall be manufactured, installed and used in accordance with the applicable 
part of the ISO 5167 series.

When the manufacturing characteristics or conditions of use of the primary devices are outside the 
limits given in the applicable part of ISO  5167, it may be necessary to calibrate the primary device 
separately under the actual conditions of use.

Furthermore, a primary device with characteristic and flow conditions within the limits given in the 
applicable part of ISO 5167 can have its uncertainty further reduced by a flow calibration.

6.1.2	 The condition of the primary device and differential pressure transmitters shall be periodically 
checked so that conformity with the applicable part of ISO 5167 is maintained.

6.1.3	 The primary device shall be manufactured from material whose coefficient of thermal 
expansion is known.
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6.2	 Nature of the fluid

6.2.1	 The fluid may be either compressible or considered as being incompressible.

6.2.2	 The fluid shall be such that it can be considered as being physically and thermally homogeneous 
and single-phase.

6.3	 Flow conditions

6.3.1	 ISO 5167 (all parts) does not provide for the measurement of pulsating flow, which is the subject 
of ISO/TR 3313. The flow rate shall be constant or, in practice, vary only slightly and slowly with time.

The flow is considered as not being pulsating[10] when Formula (5) is satisfied:

∆
∆

′p
p

rms ≤ 0 10, 	 (5)

where

  ∆p is the time-mean value of the differential pressure;

  ∆ ′p is the fluctuating component of the differential pressure;

  ∆ ′p
rms

is the root mean square value of ∆ ′p  ;

∆ ′p
rms

 can only be measured accurately using a fast-response differential pressure sensor; moreover, 
the whole secondary system should conform to the design recommendations specified in ISO/TR 3313. 
It will not, however, normally be necessary to check that this condition is satisfied.

6.3.2	 ISO 5167 is only applicable where there is no change of phase through the primary device. In 
cases where the thermodynamic conditions in the metering system are close to the phase boundary, 
increasing the throat area of the primary element will reduce the differential pressure, which may 
prevent a change of phase.

For liquids, the pressure shall not fall below the vapour pressure of the liquid (otherwise cavitation will 
result).

For gases, it is only necessary to calculate the temperature at the throat if the gas is in the vicinity of 
its dew-point; the temperature at the throat may be calculated assuming an isentropic expansion from 
the upstream conditions (the upstream temperature may need to be calculated in accordance with the 
formula in 5.4.4.1); the temperature and pressure in the throat should be such that the fluid is in the 
single-phase region.

6.3.3	 If the fluid is a gas, the pressure ratio as defined in 3.1.4 shall be greater than or equal to 0,75.

7	 Installation requirements

7.1	 General

7.1.1	 The method of measurement applies only to fluids flowing through a pipeline of circular cross-
section.

7.1.2	 The pipe shall run full at the measurement section.
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7.1.3	 The primary device shall be fitted between two straight sections of cylindrical pipe of constant 
diameter and of specified minimum lengths in which there is no obstruction or branch connection other 
than those specified in Clause 6 of the applicable part of ISO 5167 for that primary device.

The pipe is considered straight when the deviation from a straight line does not exceed 0,4 % over its 
length. Normally visual inspection is sufficient. Flanges are permitted in the straight sections of pipe 
upstream and downstream of the primary device. The flanges shall be aligned in such a way that they 
do not introduce deviation from a straight line of more than 0,4 %. The minimum straight lengths of 
pipe conforming to the above requirement necessary for a particular installation, vary with the type 
and specification of the primary device and the nature of the pipe fittings involved.

7.1.4	 The pipe bore shall be circular over the entire minimum length of straight pipe required. The 
cross-section may be taken to be circular if it appears so by visual inspection. The circularity of the 
outside of the pipe can be taken as a guide, except in the immediate vicinity (2D) of the primary device 
where special requirements shall apply according to the type of primary device used.

Seamed pipe may be used provided that the internal weld bead is parallel to the pipe axis throughout 
the entire length of the pipe required to satisfy the installation requirements for the primary device 
being used. Any weld bead shall not have a height greater than the permitted step in diameter. Unless an 
annular slot is used, the seam shall not be situated within any sector of ±30° centred on any individual 
pressure tapping to be used in conjunction with the primary device. If an annular slot is used, the 
location of the seam is not significant. If spirally wound pipe is used, then it shall be machined to a 
smooth bore.

7.1.5	 The interior of the pipe shall be clean at all times.

The acceptable value of pipe roughness depends on the primary device. In each case there are limits on 
the value of the arithmetical mean deviation of the roughness profile, Ra.

The internal surface roughness of the pipe should be measured at approximately the same axial 
locations as those used to determine and verify the pipe internal diameter. A minimum of four roughness 
measurements shall be made to define the pipe internal surface roughness. The roughness can change 
with time as stated in 6.1.2, and this should be taken into account in establishing the frequency of 
cleaning the pipe or checking the value of Ra.

An approximate value of Ra may be obtained by assuming that Ra is equal to ka / π , where ka  is the 
uniform equivalent roughness as given on the Moody diagram (see Reference [9]). The value of ka  is 
given directly by a pressure loss test of a sample length of pipe, using the Colebrook-White Equation 
(see 7.4.1.5) to calculate the value of ka  from the measured value of friction factor. Approximate values 
of ka  for different materials can also be obtained from the various tables given in reference literature, 
and Table B.1 gives values of ka  for a variety of materials.

7.1.6	 The pipe may be provided with drain holes and/or vent holes to permit the removal of solid 
deposits and entrained fluids. However, the drain or vent system shall not intrude into the pipeline, and 
there shall be no flow through either drain holes or vent holes during the flow measurement process.

Drain and vent holes should not be located near to the primary device. Where it is not possible to 
conform to this, the diameter of these holes shall be less than 0,08D and they shall be located so that 
the minimum distance, measured on a straight line from each of these holes to a pressure tapping of the 
primary device on the same side as the holes, is greater than 0,5D. The centreline of a pressure tapping 
and the centreline of a drain or vent hole shall be offset from each other by at least 30° relative to the 
axis of the pipe.

7.1.7	 Insulation of the meter may be required in the case of temperature differences between 
the ambient temperature and the temperature of the flowing fluid which are significant given the 
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uncertainty of measurement required. This is particularly true in the case of fluids being metered near 
their critical point where small temperature changes result in major density changes.

Temperature differences can be important at low flow rates, where heat transfer effects may cause 
distorted temperature profiles, for example, stratification of temperature layers from top to bottom. 
There may also be a change in the mean temperature value from the upstream to the downstream side 
of the meter run.

7.2	 Minimum upstream and downstream straight lengths

7.2.1	 The primary device shall ideally be installed in the pipeline at a position such that the flow 
conditions immediately upstream of the primary device approximate to those of swirl-free, fully 
developed pipe flow. Conditions meeting this requirement are specified in 7.3.

In practice, the primary device shall be installed in the pipeline at a position such that the flow conditions 
immediately upstream of the primary device are acceptable for that primary device. Conditions 
meeting this requirement are created by the minimum lengths stated in Clause 6 of ISO 5167-2:2022, 
ISO 5167-3:2022, ISO 5167-4:2022, ISO 5167-5:2022 or ISO 5167-6:2022.

7.2.2	 However, a flow conditioner as described in 7.4 will permit the use of much shorter upstream 
pipe lengths. Such a flow conditioner shall be installed upstream of the primary device where sufficient 
straight length, to achieve the desired level of uncertainty, is not available.

7.3	 General requirement for flow conditions at the primary device

7.3.1	 Requirement

If the specified conditions given in Clause  6 of ISO  5167-2:2022, ISO  5167-3:2022, ISO  5167-4:2022, 
ISO 5167-5:2022 or ISO 5167-6:2022 cannot be met, the applicable part of ISO 5167 remains valid if the 
flow conditions at the primary device can be demonstrated to conform to swirl-free fully developed 
flow over the entire Reynolds number range of the flow measurement process.

NOTE	 If 7.3.2 and 7.3.3 are satisfied, then the flow conditions are acceptable for primary devices of 
sufficiently small β. From the limited data available, it is recognized that primary devices of smaller β are less 
susceptible to changes in velocity profile.

7.3.2	 Swirl-free conditions

Swirl-free conditions can be presumed to exist when the swirl angle at all points over the pipe cross-
section is less than 2°.

7.3.3	 Good velocity profile conditions

Good velocity profile conditions can be presumed to exist when, at each point across the pipe cross-
section, the ratio of the local axial velocity to the maximum axial velocity at the cross-section agrees to 
within 5 % with that which would be achieved in swirl-free flow at the same radial position at a cross-
section located at the end of a very long straight length (over 100D) of similar pipe (fully developed 
flow).

7.4	 Flow conditioners

7.4.1	 Compliance testing

7.4.1.1	 Provided that a flow conditioner (see also Annex C) has passed the compliance test in 7.4.1.2 to 
7.4.1.6 for a particular primary device, the flow conditioner may be used with the same type of primary 
device with any value of diameter ratio up to 0,67 downstream of any upstream fitting. Provided that 
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the distance between the flow conditioner and the primary device and that between the upstream 
fitting and the flow conditioner are in accordance with 7.4.1.6 and the downstream straight length is 
in accordance with the requirements for the particular primary device (ISO 5167-2:2022, column 14 of 
Table 3, ISO 5167-3:2022, column 12 of Table 3, ISO 5167-4:2022, the text in Table 1, ISO 5167-5:2022, 
6.2.1 or ISO 5167-6:2022, 6.2), it is not necessary to increase the uncertainty of the discharge coefficient 
to take account of the installation.

7.4.1.2	 Using a primary device of diameter ratio 0,67 the shift in discharge coefficient from that 
obtained in a long straight pipe shall be less than 0,23 % when the flow conditioner is installed in each 
of the following situations:

a)	 in good flow conditions;

b)	 downstream of a 50 % closed gate valve (or a D-shaped orifice plate);

c)	 downstream of a device producing a high swirl (the device should produce a maximum swirl angle 
across the pipe of at least 24° at a distance 18D downstream of it or at least 20° at a distance 30D 
downstream of it). The swirl may be generated by a swirler or by other means. An example of a 
swirler is the unpatented Chevron Swirler given as Figure C.1.

Upstream of the fittings in b) and c) there shall be a length of straight pipe which is sufficiently long 
that the primary device is not affected by any fittings upstream of those specified in b) or c).

7.4.1.3	 Using a primary device of diameter ratio 0,4, the shift in discharge coefficient from that 
obtained in a long straight pipe shall be less than 0,23  % when the flow conditioner is installed 
downstream of the same fitting as in 7.4.1.2 c).

NOTE	 This test is included in case there is still swirl downstream of the conditioner. The swirl can have 
more effect on the discharge coefficient for β = 0,4 than for β = 0,67.

7.4.1.4	 To establish the acceptability of both the test facility and the primary devices with which the 
test is being conducted the baseline discharge coefficient for each primary device, as measured in a long 
straight pipe by the test facility, shall lie within the expanded uncertainty limits (at 95 % confidence 
level) of the discharge coefficient equation for that primary device.

For these tests, the test facility should first remove swirl and then have a sufficient length upstream of 
the primary device.

For example, a 70D upstream length should be sufficient for an orifice plate.

7.4.1.5	 If the flow conditioner is to be acceptable at any Reynolds number then it is necessary to 
establish that it not only meets 7.4.1.2 and 7.4.1.3 at one Reynolds number, but that it meets a) or b) or c) 
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from 7.4.1.2 at a second Reynolds number. If the two pipe Reynolds numbers are Relow and Rehigh then 
they shall meet the following criteria:

10 10
4 6≤ ≤Re

low
 and Re

high
≥ 10

6

and:

λ λRe Re
low high

 ( ) − ( ) ≥ 0 003 6, ,

where λ  is the pipe friction factor (see Reference [9]), which may be obtained graphically from the 
Moody diagram or from the Colebrook-White equation:

1
2

2

λ λ
= − +









1,74 lg

18,7k
D Re
a

D

with ka  evaluated as πRa.

NOTE 1	 Following ISO 80000-2, log10 is written lg.

If it is only desired to use the flow conditioner for ReD > 3 × 106, it is sufficient to carry out the test in 
7.4.1.2 at a single value of ReD greater than 3 × 106.

If the flow conditioner is to be acceptable for any pipe size, then it is necessary to establish that it not 
only meets 7.4.1.2 and 7.4.1.3 at one pipe size, but that it meets a) or b) or c) from 7.4.1.2 at a second pipe 
size. If the two pipe diameters are Dsmall and Dlarge then they shall meet the following criteria:

D
small

 mm≤ 110  (nominal 4 inch) and D
large

 mm≥ 190  (nominal 8 inch).

NOTE 2	 The requirements on friction factor are determined in order that for an orifice plate, the velocity 
profile changes sufficiently that the discharge coefficient changes by at least twice the maximum permitted shift 
in discharge coefficient due to installation. From References [11] to [13] the effect of change in friction factor is 
given by

∆ ∆C = 3,134
3,5β λ

Taking C = 0,6 and the minimum required change in C as 1 26 0 384, ,β −  % for β ≥ 0 67,  gives

∆λ β
β

 
0,002 41 0,000 735

3,5
≥ −

NOTE 3	 Although for a nozzle the effect of Δλ on C will be different from its effect on an orifice plate, the 
required values of Reynolds number for the compliance test still appear to be appropriate.

Where it is not possible (or not practical) to achieve λ λRe Re
low high

 ( ) − ( ) ≥ 0 003 6,  within the range of 
Reynolds number permitted for a particular primary device, a flow conditioner will be acceptable over 
that range provided that it has passed the compliance test at a single Reynolds number.

7.4.1.6	 The range of distances between the flow conditioner and the primary device and that between 
the upstream fitting and the flow conditioner which are used in the tests will determine the acceptable 
ranges of distances when the flow meter is used. The distances shall be expressed in terms of numbers 
of pipe diameters.

7.4.1.7	 If it is desired to carry out compliance testing for a flow conditioner for use up to a value of β 
which is greater than 0,67, then first it shall be shown to meet 7.4.1.2 to 7.4.1.5. Then the test described 
in 7.4.1.2, 7.4.1.4 and 7.4.1.5 shall be carried out at the maximum value of β over which the conditioner is 
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to be used, βmax. The permitted shift in discharge coefficient is increased to 0 63 0 192, ,β
max

−( )  %. In 
the case of 7.4.1.5.

λ λ
β

β
Re Re

low high

max

max

3,5

0,002 41 0,000 735( ) − ( ) ≥
−

Then, provided that the conditioner meets the compliance test in all the above tests, it has passed the 
compliance test for β β≤

max
. The acceptable ranges of distances between the flow conditioner and the 

primary device and between the upstream fitting and the flow conditioner are determined as in 7.4.1.6.

7.4.2	 Specific test

If a compliance test has not been carried out to permit the use of a flow conditioner downstream of any 
upstream fitting it may be necessary to carry out a specific flow test. The test will be deemed 
satisfactory if a test of that installation shows that the shift in discharge coefficient from that obtained 
in a long straight pipe is less than 0,23 %. The permitted shift in discharge coefficient can be increased 
to 0 63 0 192, ,β −( ) % for 0 67 0 75, ,< ≤β  (or 0 67 0 8, ,< ≤β  in the case of a nozzle or 0 67 0 775, ,< ≤β  in 
the case of a Venturi nozzle). In this situation, it is not necessary to increase the uncertainty of the 
discharge coefficient to take account of the installation.

8	 Uncertainties on the measurement of flow rate

8.1	 General

More comprehensive information for calculation of the uncertainty of a measurement of flow rate, 
together with an example, is given in ISO 5168. Information on the calculation of uncertainties is given 
in ISO/IEC Guide 98-3.

The uncertainty of the flow rate measurement is not constant across the range of the flow meter and 
should be evaluated at all relevant sets of conditions.

8.2	 Definition of uncertainty

8.2.1	 For the purposes of ISO 5167 (all parts) the expanded uncertainty is defined as an interval about 
the result of a measurement that may be expected to encompass approximately 95 % of the distribution 
of values that could reasonably be attributed to the measurand.

8.2.2	 The expanded uncertainty on the measurement of the flow rate shall be calculated and given 
under this name whenever a measurement is claimed to be in conformity with the applicable part of 
ISO 5167.

8.2.3	 The uncertainty can be expressed in absolute or relative terms and the result of the flow 
measurement can then be given in any one of the following forms, as in Formulae (6), (7) and (8):

flow rate = ±q Uq  with a 95 % confidence level	 (6)

flow rate = ±( )q Uq1
′  with a 95 % confidence level	 (7)

flow rate  within  = ( )q Uq100
′

%  with a 95 % confidence level	 (8)

where the uncertainty Uq has the same dimensions as q while U U qq q
′ = /  is dimensionless.
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8.2.4	 For convenience a distinction is made between the uncertainties linked to measurements 
made by the user and those linked to quantities specified in the applicable part of ISO 5167. The latter 
uncertainties are on the discharge coefficient and the expansibility [expansion] factor; they give 
the minimum uncertainty with which the measurement is unavoidably tainted, since the user has 
no control over these values. They occur because small variations in the geometry of the device are 
allowed and because the investigations on which the values have been based could not be made under 
“ideal” conditions, nor without some uncertainty.

8.3	 Practical computation of the uncertainty

8.3.1	 Component uncertainties

8.3.1.1	 From Formula (1), the computation of the mass flow rate qm is given by:

q C A
p

m t=
−

ε
ρ

β

2

1

1

4

∆

In fact, the various quantities which appear on the right-hand side of this equation are not independent, 
so that it is not correct to compute the uncertainty of qm directly from the uncertainties of these 
quantities.

For example, C is a function of the throat and pipe dimensions, V1, μ1 and ρ1, and ε is a function of the 
throat and pipe dimensions, Δp, p1 and κ.

8.3.1.2	 As this interrelationship provides relatively insignificant correlation in the estimation of 
uncertainty, it is sufficient, for most practical purposes, to assume that the uncertainties of C, ε, throat 
dimension, Δp and ρ1 are independent of each other.

8.3.1.3	 A calculation of �Uqm
′ , the relative expanded uncertainty of qm, can then be performed, which 

takes account of the interdependence of C on throat and pipe dimensions which enters into the 
calculation as a consequence of the dependence of C on β. Note that C is also dependent on the Reynolds 
number ReD. However, the deviations of C due to these influences are of a second order and are included 
in the uncertainty on C when derived from equations given within the parts of ISO 5167.

Similarly, the deviations of ε which are due to uncertainties in the value of β, the pressure ratio and the 
isentropic exponent are also of a second order and are included in the uncertainty of ε. The contribution 
to the uncertainty due to the covariance terms may be negligible.

8.3.1.4	 The uncertainties which shall be included in the calculation of Uqm
′ are therefore those of the 

quantities C, ε, throat and pipe dimensions, Δp and ρ1.

8.3.2	 Practical working formula

8.3.2.1	 Uncertainties in the other parts of ISO  5167 are relative expanded uncertainties with a 
confidence level of approximately 95 %. To combine them it is necessary first to calculate u′, the relative 
standard uncertainty of each contribution, which is obtained by dividing U′, the relative expanded 
uncertainty of each contribution, by k, where k is equal to 2 where the contribution has a normal 
probability distribution and equal to 3  where the contribution has a rectangular probability 
distribution.

NOTE	 k is the coverage factor: see ISO/IEC Guide 98-3:2008, 2.3.6.

The practical working formula for the relative standard uncertainty of the mass flow rate, uqm
′ , is given 

by:
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Formula  (9) for orifice plates (ISO 5167-2), nozzles (ISO 5167-3) and Venturi tubes (ISO 5167-4); 
Formula  (10) for cone meters (ISO 5167-5, where dc is the cone diameter); Formula  (11) for wedge 
meters (ISO 5167-6, where h is the wedge gap).

u u u u uq C D dm
′ = ′ + ′ +

−









 ′ +

−




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


 ′ + 2 2

4

4

2

2

4

2
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2
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To use these Formulae, some of the uncertainties, such as those on the discharge coefficient and 
expansibility [expansion] factor, are given in 8.3.2.2 and 8.3.2.3, while others shall be determined by 
the user (see 8.3.2.4 and 8.3.2.5).

An example is given in Annex E.

8.3.2.2	 For Formulae (9),(10) and (11) the values of UC
'  and of Uε

'  shall be taken from the applicable 
part of ISO 5167 when C and ε are derived from equations given within the applicable part of ISO 5167. 
The discharge coefficient and expansibility are both assumed to have normal distributions: so, 
u UC C

' '= /2  and u Uε ε
' '= /2 .

8.3.2.3	 When the straight lengths are such that an additional uncertainty of 0,5 % is to be considered, 
this additional relative uncertainty shall be added arithmetically to the relative expanded uncertainty 
of C in accordance with the requirements given in ISO 5167-2:2022, 6.2.4, ISO 5167-3:2022, 6.2.4 and 
ISO  5167-4:2022, 6.2.4 and not quadratically as with the other uncertainties in Formula  (9). Other 
additional uncertainties (see ISO 5167-2:2022, 6.4.4 and 6.5.3 and ISO 5167-3:2022, 6.4.4) shall be added 
arithmetically in the same way.

8.3.2.4	 For Formula (9), the values of UD
′  and Ud

′  shall be determined from the uncertainty of the 
devices used to measure the pipe and throat dimensions, and from the permissible variation given in 
ISO 5167-2:2022, 6.4.1, ISO 5167-3:2022, 6.4.1 and ISO 5167-4:2022, 5.2.2 and ISO 5167-2:2022, 5.1.8, 
ISO  5167-3:2022, 5.1.2.5, 5.2.2.3, 5.3.2.4 and 5.4.1.6 and ISO 5167-4:2022, 5.2.4 respectively. 
Alternatively, instead of the permissible variation, the smaller actual variation can be computed by the 
user.

If the variation in D and d is presumed to follow a rectangular distribution u UD D
′ = ′

/ 3  and 
u Ud d

′ ′= / 3 .

A similar method shall be used for Formulae (10) and (11).

8.3.2.5	 The values of U p∆
′  and Uρ1

′  shall be determined by the user because the applicable part of 
ISO  5167 does not specify in detail the method of measurement of the quantities Δp and ρ1. The 
uncertainties in the measurement of both quantities may include components stated by manufacturers 
as a percentage of full scale. Calculation of percentage uncertainty below full scale shall reflect this 
increased percentage uncertainty.
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8.3.2.6	 Temperature and pressure measurements do not appear directly in the equations for mass 
flow. They are however vital in the determination of density and potentially Reynolds number through 
viscosity. They may also provide a small uncertainty to the other components, for example, through 
temperature expansion of the dimensions.

8.3.2.7	 The relative expanded uncertainty Uqm
′ � is then given by U uq qm m

′ ′= 2 .
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Annex A 
(informative) 

 
Iterative computations

An iterative computation procedure is required when a problem cannot be solved by direct calculation 
methods (see 5.3). Independent validation of software for flow metering calculations is recommended.

Taking the case for orifice plates for instance, iterative computations are always required to calculate:

a)	 For the case of predicting the operating meter’s mass flow rate:

—	 the flow rate qm at given values of μ1, ρ1, D, Δp and d.

b)	 For the case of meter sizing:

—	 the orifice diameter d and β at given values of μ1, ρ1, D, Δp and qm;

—	 the differential pressure Δp at given values of μ1, ρ1, D and d and qm;

—	 the diameters D and d at given values of μ1, ρ1, β, Δp, and qm.

The principle is to regroup in one member all known values of the basic flow rate Formula (1):

q C d pm = −( ) ( )
−

ε β ρπ ∆
4

1 2
2 4

1

0,5
0,5

and the unknown values in the other member.

The known member is then the “invariant” (denoted “An” in Table A.1) of the problem.

Then a first guess X1 is introduced into the unknown member and results in a difference δ1 between the 
two members. Iterative computation enables a second guess X2 to be substituted to obtain δ2.

Then X1, X2, δ1 and δ2 are entered into a linear algorithm which computes X3... Xn and δ3... δ n until δn  is 
smaller than a given value, or until two successive values of X or of δ are seen to be “equal” for a given 
precision.

An example of a linear algorithm with rapid convergence is formula (A.1):

X X
X X

n n n
n n

n n
= −

−
−− −

− −

− −
1 1

1 2

1 2

δ
δ δ

	 (A.1)

The use of a linear algorithm reduces only slightly the number of calculations from those required using 
successive substitutions in the case of computations found in applications relative to this document.

Note that the values of d, D and β to be introduced in the calculations are those prevailing under the 
“working conditions” (see 5.3).

For meters where the primary element and meter body are made of different materials with different 
thermal expansion coefficients, it is possible that the variation in β due to the working temperature is 
not negligible.

Examples of full schemes for iterative computations are given in Table A.1.

NOTE	 C∞ is the discharge coefficient at infinite Reynolds number.

	 ﻿� © ISO 2022 – All rights reserved
�﻿

24



ISO 5167-1:2022(E)

Ta
bl

e 
A

.1
 —

 S
ch

em
es

 fo
r 

it
er

at
iv

e 
co

m
pu

ta
ti

on

Pr
ob

le
m

q
=

β
=

∆p
=

D
=

At
 g

iv
en

 v
al

ue
s o

f
µ 1

, 
ρ 1

, 
D

, 
β

, ∆
p

µ 1
, 
ρ 1

, 
D

, q
m

, ∆
p

µ 1
, 
ρ 1

, 
D

, 
β

, q
m

µ 1
, 
ρ 1

, 
β

, q
m

, ∆
p

Pl
ea

se
 fi

nd
q m

 a
nd

 q
V

th
ro

at
 d

im
en

si
on

 a
nd

 β
∆p

D
 a

nd
 th

ro
at

 d
im

en
si

on

In
va

ri
an

t “
A n”

A
D

p

D
1

2

1

1

4

2

1

=
(

)
−

ε
β

ρ

µ
β∆

A
Re

D
pD

2

1

1
2

=
µ

ρ
∆

A
q

C
Dm

3

4

1
2

2
8

1

=
− (

)
(

)

  
  

β

ρ
β

π
A

q
p

m
4

2

1

12
4

4
2

1

=
−

εβ
ρ

µ
β∆

π

It
er

at
io

n 
fo

rm
ul

a
Re C

A
D

=
1

C
A

εβ

β2

4
2

1
−

=
∆p

A
ε−

=
2

3

Re C
A

D
2

4
=

Va
ri

ab
le

 in
 li

ne
ar

 a
lg

o-
ri

th
m

X
Re

C
A

D
1

1
=

=
X

A C
2

2

4

2

1

=
−

=
β

β
ε

X
p

A
3

2

3
=

=
−

∆
ε

X
Re

C
A

D
4

4
=

=

Pr
ec

is
io

n 
cr

ite
ri

on
 

(w
he

re
 n

 is
 c

ho
se

n 
by

 
th

e 
us

er
)

A
X C

A
n

1

1

1

1
1

0

−
<

×
−

A
X
C

A
n

2
2

2

1
1

0
−

<
×

−
ε

A
X

A
n

3

3 2

3

1
1

0

−
<

×
−

−
ε

A
X C

A
n

4

42

4

1
1

0

−
<

×
−

Fi
rs

t g
ue

ss
C

C
=

∞
C

=
0

6
,

 (o
ri

fic
e 

pl
at

e)
,

ε
=

1
C

C
=

∞

C
=

1 
(o

th
er

 p
ri

m
ar

y 
de

vi
ce

s)
D

=
∞

 (i
f f

la
ng

e 
ta

pp
in

gs
)

ε
=

1

Re
su

lt
s

q
DX

m
=

π 4
1

1
µ

q
q

V
m

=
ρ 1

β
=

+

  
  

X

X22

22

0
2

5

1

,

Th
ro

at
 d

im
en

si
on

 is
 c

al
cu

la
te

d

∆p
X

=
3

If 
th

e 
flu

id
 is

 a
 li

qu
id

, ∆
p 

is
 o

bt
ai

ne
d 

in
 fi

rs
t 

lo
op

D
q Xm

=
4

1
4

πµ
Th

ro
at

 d
im

en
si

on
 is

 c
al

cu
la

te
d

© ISO 2022 – All rights reserved	 ﻿
﻿

25



ISO 5167-1:2022(E)

Annex B 
(informative) 

 
Examples of values of the pipe wall uniform equivalent roughness, 

ka

Table B.1 — Values of ka

Values in millimetres

Material Condition ka Ra
Brass, copper, aluminium, 
plastics, glass smooth, without sediment <0,03 <0,01

Steel

new, stainless <0,03 <0,01
new, seamless cold drawn <0,03 <0,01
new, seamless hot drawn

≤0,10 ≤0,03new, seamless rolled
new, welded longitudinally
new, welded spirally 0,10 0,03
slightly rusted 0,10 to 0,20 0,03 to 0,06
rusty 0,20 to 0,30 0,06 to 0,10
encrusted 0,50 to 2 0,15 to 0,6
with heavy encrustation >2 >0,6
bituminized, new 0,03 to 0,05 0,01 to 0,015
bituminized, normal 0,10 to 0,20 0,03 to 0,06
galvanized 0,13 0,04

Cast iron

new 0,25 0,08
rusty 1,0 to 1,5 0,3 to 0,5
encrusted >1,5 >0,5
bituminized, new 0,03 to 0,05 0,01 to 0,015

Asbestos cement
coated and not coated, new <0,03 <0,01
not coated, normal 0,05 0,015

NOTE	 In this case, Ra has been calculated on the basis that Ra
ka≈
π

.

	 ﻿� © ISO 2022 – All rights reserved
�﻿

26



ISO 5167-1:2022(E)

Annex C 
(informative) 

 
Flow conditioners and flow straighteners

C.1	 General

Flow conditioners can be classified as either true flow conditioners or flow straighteners. In 
ISO 5167 (all parts), other than in this annex, the term “flow conditioner” is used to describe both true 
flow conditioners and flow straighteners.

Devices that have been shown to have passed the compliance test in 7.4.1 with any particular primary 
device are shown in the appropriate parts of ISO 5167. It is not intended that the descriptions of flow 
straighteners and flow conditioners given there should limit the use of other designs which have been 
tested and proved to provide sufficiently small shifts in discharge coefficient when compared with 
discharge coefficients obtained in a long straight pipe.

C.2	 Flow straighteners

A flow straightener is a device which removes or significantly reduces swirl but may not simultaneously 
produce the flow conditions specified in 7.3.3.

Examples of flow straighteners are the tube bundle flow straightener, the AMCA straightener and the 
Étoile straightener.

A special case [the 19-tube bundle flow straightener (1998)] is described in more detail in 
ISO 5167-2:2022, 6.3.2. The tube bundle flow straightener consists of a bundle of parallel and tangential 
tubes fixed together and held rigidly in the pipe. It is important to ensure that the various tubes are 
parallel to each other and to the pipe axis since, if this requirement is not met, the straightener itself 
might introduce swirl to the flow.

C.3	 Flow conditioners

A flow conditioner is a device which, in addition to meeting the requirements of removing or 
significantly reducing swirl, is designed to redistribute the velocity profile to produce conditions close 
to those of 7.3.3.

Many flow conditioners either are or include a perforated plate. Several such devices are now described 
in technical literature and they are in general easier to manufacture, install and accommodate than the 
tube bundle flow straightener. They have the advantage that their thickness is typically around D/8 as 
compared to a length of at least 2D for the tube bundle. Moreover, since they can be drilled from the 
solid rather than fabricated, a more robust device is produced offering repeatable performance.

In these devices swirl is reduced and the profile simultaneously redistributed by a suitable arrangement 
of hole and plate depth. A number of different designs are available as indicated in ISO 5167-2:2022, 
6.3.3 and Annex B. The geometry of the plate is critical in determining its performance and its pressure 
loss.

The Gallagher, K-Lab NOVA, NEL (Spearman), Sprenkle, and Zanker flow conditioners and the Zanker 
flow conditioner plate are examples of flow conditioners. Information about products available 
commercially is given for the convenience of users of ISO 5167 and does not constitute an endorsement 
by ISO of these products.
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C.4	 Conformity testing

The tests described in 7.4.1 are required to establish that a flow conditioner:

—	 does not have an adverse effect in good flow conditions;

—	 is effective in a highly asymmetric flow;

—	 is effective in a highly swirling flow such as has been found downstream of a header.

The use of this test does not imply that flow measurement should be carried out downstream of a 
half-closed gate valve; flow control should be performed downstream of the primary device. For 
information regarding the work on which this test is based and the Chevron Swirler (see Figure C.1) see 
References [14] and [15].

 
a Flow.

Figure C.1 — Chevron Swirler
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Annex D 
(informative) 

 
Differential pressure transmitters, flow range and turndown

D.1	 Differential pressure transmitters

Early flow meters used water or mercury manometers or Bourdon gauges. Advances in the design and 
technology used in differential pressure transmitters have resulted in significant improvements in 
the flow range and uncertainty of differential pressure flow meters. Early pneumatic transmitters had 
limited flow range, and relatively poor flow uncertainties. These devices were largely superseded by 
electronic transmitters with strictly analogue circuitry producing a 4 mA to 20 mA analogue output 
signal. These analogue electronic transmitters have wider differential pressure ranges and lower 
differential pressure uncertainty then pneumatic transmitters.

Digital electronic transmitters utilize microprocessors to produce a digital signal over the entire range 
up to the differential pressure Upper Range Limit (URL). Digital transmitters have further extended 
a differential pressure meter’s flow range and further decreased the flowrate prediction uncertainty. 
The analogue output from a digital transmitter can be provided for ranges up to the URL.

Figure  D.1 shows the effect of changes in DP transmitter technology on the flow range and flow 
uncertainty. At the conditions used in the example in Annex E a target uncertainty of Uqm

′ � = 1 % results 
in flow ranges of 2:1, 5:1, 7:1, and 11:1 for the different single DP transmitter differential pressure 
technologies. Note that the highest flow range was achieved by exploiting more of the features of the 
digital transmitter (e.g., a digital slope trim at a value less than URL which has minimal impact on the 
performance at values above the trim point while improving the results for lower values).
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Key
X ratio of the maximum flow rate to the actual flow rate
Y mass flow rate expanded uncertainty (%)
1 Uqm

′  using a pneumatic differential pressure transmitter (%)
2 Uqm

′  using an analogue electronic differential pressure transmitter (%)
3 Uqm

′  using a digital electronic differential pressure transmitter (%)
4 Uqm

′  using a digital electronic differential pressure transmitter, with digital slope trim (%)

Figure D.1 — Effect of differential pressure technology on flow range and flow uncertainty

The ranges, accuracies and characteristics of digital electronic differential pressure transmitters 
vary between manufacturers; however, similar terminology is used throughout. Several performance 
aspects should be considered when selecting an appropriate differential pressure transmitter; common 
terms used are:

—	 URL – Upper range limit of the instrument.

—	 Span – the range over which the instrument has been set or calibrated.

—	 Reference uncertainty – often includes linearity, hysteresis and repeatability and is the basic 
uncertainty of the instrument.

NOTE 1	 Transmitter manufacturers often refer to reference uncertainty as reference accuracy, and this is 
typically stated as an absolute value, e.g. percent of span.

—	 Static pressure effect – the effect the static pressure has on the performance of the instrument.

—	 Ambient temperature effect – the effect the ambient temperature has from that at which the 
instrument was calibrated.

—	 Stability – the effect of drift of the instrument calibration over a period.

—	 Vibration effects, mounting position effects and power supply effects - examples of additional effects 
that can increase the overall measurement uncertainty of the instrument.
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All the performance specifications should be considered when calculating the total measurement 
uncertainty of the instrument. The total uncertainty for a differential pressure transmitter is typically 
calculated by taking the root sum of the square of each component at the same confidence interval, as 
shown in Formula D.1:

U U U Up∆
′ ′ ′= ( ) + ( ) +

ReferenceUncertainty StaticPressure Ambien

2 2

ttTemperature Stability

′ ′( ) + ( ) +…
2 2

U 	 (D.1)

NOTE 2	 The manufacturer’s specification for the differential pressure transmitter can provide guidance on 
the value or formula for each component given in the proceeding formula, which can require one or more terms 
involving the differential pressure reading, URL, and Span.

Digital differential pressure transmitters often have the capability to measure multiple process 
parameters, as well as providing additional features such as alarms and diagnostic information.

D.2	 Turndown

The flow range of a flow meter is commonly described as the “turndown”, which is the ratio of the 
maximum to the minimum value of a given parameter. For this document, it is assumed that this 
parameter is the volume flow rate of a known fluid that can be metered at a given thermodynamic flow 
condition within the meter’s stated flow rate prediction uncertainty at the stated confidence level.

Turndown does not detail a flow meter’s actual volume flow range (for instance, a 10:1 meter may be 
100 m3/h to 10 m3/h, or 1 000 m3/h to 100 m3/h).

Flow meters can often continue to operate outside their turndown flow range at higher uncertainties. 
Flow meters may also be designed to cope with a temporary unexpected increase in flow – “surge” 
flow – beyond the maximum flow rating of the meter without sustaining damage and remain fully 
operational on return to normal flow range. It is useful if a flow meter continues to measure the 
flow during surge at either the stated or a higher flow uncertainty, but it is generally considered less 
important. A differential pressure meter’s ability to cope with surge flow is dependent upon the type of 
meter.

Limits on maximum flow velocity (and corresponding volume flow range), such as to minimise 
erosion or permanent pressure loss in the system, or a minimum operational velocity, may also dictate 
additional practical limitations to the usable turndown of any type of meter.

D.3	 Differential pressure meter flow range factors

D.3.1	 General

The volume flow rate of a differential pressure meter is proportional to the square root of the primary 
signal differential pressure. Hence, the volume flow rate range of a differential pressure meter has an 
associated differential pressure range. The flow range of a differential pressure meter is set by several 
considerations such as meter type, structural integrity, permanent pressure loss, diameter ratio, flow 
conditions, and readable differential pressure range.

D.3.2	 Meter type

For any given line size, diameter ratio, and flow condition range, different differential pressure meter 
types (i.e., orifice plates, nozzles, Venturi nozzles, Venturi tubes, cone, and wedge meters) produce a 
different differential pressure range. This differential pressure range dictates the flow rate range. 
Designers will select a suitable differential pressure range based on factors such as structural integrity 
of the primary element, maximum desired permanent pressure loss, and fluid conditions.
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D.3.3	 Diameter ratio

For a given differential pressure meter, the choice of diameter ratio dictates the differential pressure 
range and associated flow range.

D.3.4	 Structural integrity

The maximum flow rate shall be restricted so that it does not produce an associated maximum 
differential pressure that can cause significant elastic or plastic deformation of the primary element.

D.3.5	 Permanent pressure loss

For a given flow rate of a fluid with known physical properties the maximum flow rate produces an 
associated maximum differential pressure, and a corresponding maximum permanent pressure 
loss. Users may state a maximum permanent pressure loss, which in effect determines the maximum 
allowable differential pressure and associated maximum flow rate.

D.3.6	 Flow conditions

Care should be taken when designing a differential pressure meter that the flow rate and associated 
differential pressure ranges are such that local thermodynamic conditions do not cross the flowing 
fluid’s phase boundary (causing, e.g., cavitation in water flow, or liquid drop out of a natural gas flow).

D.3.7	 Differential pressure range

The flow range of a given differential pressure meter type is dictated by the readable differential 
pressure instrumentation range. Therefore, a large readable differential pressure range is preferred. 
The turndown of any given differential pressure meter can be significantly expanded by using multiple 
differential pressure transmitters of different overlapping differential pressure ranges. The use of 
multiple differential pressure transmitters to measure the differential pressure produced across a pair 
of pressure ports is called ‘stacking’ differential pressure transmitters.

In early examples of flow metering with differential pressure meters, the differential pressure 
measurements were taken using water or mercury manometers, Bourdon gauges, or standalone 
analogue differential pressure transmitters. These methods produced a limited differential pressure 
measurable range with a differential pressure turndown (i.e., the ratio of maximum to minimum 
differential pressure reading at the stated required uncertainty and confidence level) of the order of 
10:1, corresponding to a flow rate turndown of 10 1: , i.e. ≈ 3:1.

Modern differential pressure metering systems utilise digital differential pressure transmitters, either 
a standalone single differential pressure transmitter, or multiple differential pressure transmitters (in 
a ‘stack’) with varying ranges of overlapping differential pressures such that the overall measurable 
differential pressure range is that required by the specific application. Individual digital differential 
pressure transmitter turndown is specific to a manufacturer's design and the application, but typically 
significantly larger than the 10:1 from early digital technology. Differential pressure meters with 
stacked digital differential pressure transmitters can have turndowns greater than 20:1. Figure  D.2 
provides an illustration of a typical metering system uncertainty example using three stacked 
differential pressure transmitters.
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Key
X percentage of full-scale flow rate (%)
Y mass flow rate expanded uncertainty (%)
a Mass flow rate expanded uncertainty using high-range DP transmitter.
b Mass flow rate expanded uncertainty using mid-range DP transmitter.
c Mass flow rate expanded uncertainty using low-range DP transmitter.
d 5:1 Turndown using high-range DP transmitter only (at 0,5 % mass flow rate expanded uncertainty).
e 16:1 Turndown using high- and mid-range DP transmitters (at 0,5 % mass flow rate expanded uncertainty).
f 42:1 Turndown using all three DP Transmitters (at 0,5 % mass flow rate expanded uncertainty).

Figure D.2 — Illustration of mass flow rate expanded uncertainty for a stacked differential 
pressure transmitter system

D.3.8	 Adjustable flow ranges

If process flow conditions change over time in such a way that a flow meter design no longer offers the 
appropriate flow range and turndown, differential pressure meters can often be re-configured so that 
the required new flow range and turndown are matched without the requirement to replace the entire 
metering system. For instance, differential pressure meters can have differential pressure transmitters 
re-ranged, or replaced with a differential pressure transmitter of a different range more suitable for 
the new flow conditions.

Some differential pressure meter designs also make possible replaceable primary elements, enabling a 
different diameter ratio to be readily used.
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D.4	 Comparing meter turndowns

In most applications the maximum flow rate to be metered is set. Hence, for any given application, the 
maximum flow rate is the same for all meters with different turndowns being considered. The flow 
meter’s turndown therefore represents, for the set maximum flow rate, the minimum flow rate that can 
be read at the required flow uncertainty at the stated confidence level. For a set maximum flow rate, 
the flow range comparison of a flow meter A with a turndown of x:1 and a flow meter B with a turndown 
of y:1, where x > y, is given by Formulae D.2 and D.3. Formula D.2 calculates the percentage of meter A’s 
flow range that can be covered by meter B, λ (in %). Formula  D.3 calculates the extra absolute flow 
range, ψ  (in %), achieved by meter A compared with meter B.
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−( )
−( )







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x y
y x

1

1
100 	 (D.2)
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
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
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100 	 (D.3)

Flow turndown is often misinterpreted. A flow meter with a turndown of 20:1 is often assumed to have 
double the flow range of a flow meter with a turndown of 10:1; however, it does not.

For example, consider an application with a maximum flow relating to 30 m/s. Let meter A have a 20:1 
turndown. The minimum flow would relate to 1,5  m/s (i.e. 30:1,5 = 20:1). Let meter B have a 10:1 
turndown. The minimum flow would relate to 3 m/s (i.e. 30:3 = 10:1). Meter B with a 10:1 flow turndown 
covers λ = 94 74, %  of meter A’s flow range, and meter A’s flow range is ψ = 5 56, %  wider than meter 
B’s. These values can be calculated from Formulae D.2 and D.3:
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Figure D.3 shows that for a set maximum flow rate (100 % full scale) as flow turndown increases a law 
of diminishing returns exists. Each step increase in turndown creates a smaller increase in flow range 
attained.
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Key
X percentage of full-scale flow rate (%)
Y turndown
a 3:1 turndown.
b 10:1 turndown.
c 20:1 turndown.
d 30:1 turndown.
e 40:1 turndown.
f 5 % of full scale is 5,56 % of 10:1 turndown.

Figure D.3 — Flow rate range to turndown comparisons
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Annex E 
(informative) 

 
Example of uncertainty calculation for a differential pressure 

device

E.1	 Meter setup

This example shows the calculation procedure for the mass flow uncertainty of a differential pressure 
metering system (at 2σ, or approximately 95  % confidence level). This requires using the practical 
working formula for combining uncertainties and sensitivities of each component from 8.3.2.

Consider an 8” schedule 80, β  =  0,5 flange tapping orifice meter (as per ISO 5167-2:2022). The inlet 
diameter is 193,68  mm (7,625”), the orifice bore is 96,84  mm (3,813”). The flowing temperature is 
equal to that when the geometry measurements were taken; so thermal expansion effects are therefore 
negligible.

A flow of methane with a molecular mass of 16,043 g/mol has an absolute pressure and temperature 
of 20  bar (2,0  MPa) and 288,15  K respectively. At these conditions, the methane gas compressibility 
Z = 0,961 3, and therefore the gas density is calculated to be 13,93 kg/m3. Methane at this thermodynamic 
condition has a dynamic viscosity of 1,114 5 ×10-5 Pa·s and an isentropic exponent of 1,308.

The volume flow rate is 1 000 m3/h, i.e., a gas velocity of 9,43 m/s, and a mass flow rate of 3,869 kg/s. 
The pipe Reynolds number is calculated as 2,282 × 106.

The orifice discharge coefficient C = 0,602 6. The differential pressure produced is 25,76 kPa.

E.2	 Uncertainty and sensitivity of parameters

E.2.1	 General

The calculation of the mass flow rate, as per Formula (1), is a function of the following parameters:

q f C p d Dm = ( ), , , , ,ε ρ∆
1

The uncertainty in each parameter is given to 2σ, or approximately 95  % confidence level, and is 
assumed to be normally distributed where not otherwise specified.

E.2.2	 Discharge coefficient, C

The discharge coefficient for an 8” flange tap orifice meter with β = 0,5 (ISO 5167-2:2022, 5.3.2.1) has an 
uncertainty of UC

′ = 0 5, % . As the mass flow rate is directly proportional to the discharge coefficient, 
the sensitivity to the discharge coefficient SC = 1,0.

NOTE	 This uncertainty calculation example is for an uncalibrated primary element.
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E.2.3	 Expansibility, ε

The expansibility for an orifice meter (ISO 5167-2:2022, 5.3.3.2) has an uncertainty of:

U p
pε κ

′ ∆= = ×
× ×

=3 5 3 5
2 576 10

1 308 2 10

0 034 5

1

4

6
, ,

,

,

,   % 	 (E.1)

As the mass flow rate is directly proportional to the expansibility, the sensitivity to the expansibility 
Sε = 1,0.

E.2.4	 Differential pressure, Δp

As the uncertainty in the differential pressure will depend upon the digital differential pressure 
transmitter used, a transmitter with a URL of 62,16 kPa (621,6 mbar) and an absolute uncertainty of 
0,05 % URL at k=3 (a confidence level of approximately 99 %) was used. This results in an expanded 
uncertainty, �U p∆

′ , of 0,121 % at the example conditions. As the mass flow rate is proportional to the 
square root of the differential pressure, the sensitivity to the differential pressure SΔp = 0,5.

E.2.5	 Orifice diameter, d

The uncertainty of the orifice diameter should be calculated from 8.3.2.4.

For the sake of this example, it is assumed that the orifice diameter has an uncertainty of Ud
′ = 0 05, %  

with a rectangular distribution.

The sensitivity to the orifice bore diameter is, as in 8.3.2.1,

Sd =
−

=
−

=2

1

2

1 0 5

2 133 3
4 4β ,

,  	 (E.2)

E.2.6	 Upstream pipe diameter, D

The uncertainty of the pipe diameter should be calculated from 8.3.2.4.

For the sake of this example, it is assumed that the upstream pipe diameter has an uncertainty 
UD

′ = 0 25, %  with a rectangular distribution.

The sensitivity to the upstream pipe diameter is, as in 8.3.2.1,

SD = −
−

=
− ( )

−
= −2

1

2 0 5

1 0 5

0 133 3

4

4

4

4

β
β

,

,

,  	 (E.3)

E.2.7	 Mass density, ρ1

The mass density for a gas can be calculated from the pressure, p1, temperature, T, gas molecular mass, 
M, and gas compressibility, Z:

ρ1
1=
p M
ZR Tu

	 (E.4)

where Ru is the gas constant. The molecular mass is known to a high precision, such that the uncertainty 
in it is negligible. Ru is known exactly.
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As such, the uncertainty in the density can be calculated as the sum of the square of the uncertainties in 
each non-negligible term (all these uncertainties are assumed to have a normal distribution):

U U U Up T Zρ1 1

2 2 2 2 2 2
0 2 0 34 0 1 0 406 9

′ ′ ′ ′= + + = ( ) + ( ) + ( ) =, , , , %  %  %   % 	 (E.5)

As the mass flow rate is proportional to the square root of the mass density, the sensitivity to the 
density is Sρ1 = 0,5.

E.2.8	 Combining the uncertainties

The combined uncertainty in the mass flow rate can be calculated (using Formula  (9) in 8.3.2) by 
creating an uncertainty budget table (see ISO 5168:2005, 10.2). The values for the coverage factor 
column can be found in ISO 5168:2005 7.3 to 7.8. For example, the normal distribution has a value of 2,0 
and the rectangular distribution 3 .

Table E.1 — Example differential pressure meter uncertainty budget

Parameter Relative 
expanded 

uncertainty
U’

Probability 
distribution

Coverage  
Factor

k

Relative stand-
ard uncertainty

u' = U’/k

Sensitivity 
coefficient

S

Contribution 
to overall 

uncertainty
u’ × S

Discharge 
coefficient, C 0,50 % Normal 2 0,250 0 % 1,0 0,250 0 %

Expansibili-
ty, ε 0,034 5 % Normal 2 0,017 2 % 1,0 0,017 2 %

Differential 
pressure, Δp 0,121 % Normal 3 0,040 2 % 0,5 0,020 1 %

Orifice bore 
diameter, d 0,05 % Rectangular 3 0,028 9 % 2,133 3 0,061 6 %

Orifice inlet 
diameter, D 0,25 % Rectangular 3 0,144 3 % -0,133 3 -0,019 2 %

Mass density, 
ρ1

0,406 9 % Normal 2 0,203 5 % 0,5 0,101 7 %

Combined 
uncertainty - - - - 0,278 8 %

Expanded 
uncertainty 0,557 5 % Normal 2 - - -

The relative standard uncertainty for each parameter is the relative expanded uncertainty divided 
by the coverage factor, and is equivalent to the one standard deviation uncertainty for each term. The 
contribution to the overall relative standard uncertainty is then the relative standard uncertainty 
times the sensitivity coefficient.

The combined relative standard uncertainty is the sum of the squares of the individual contributions to 
the overall relative standard uncertainty. The relative expanded uncertainty is the combined relative 
standard uncertainty times the coverage factor (which on the basis of a normal distribution has a value 
of 2,0).

Therefore, the relative expanded uncertainty of the gas mass flow rate for this orifice metering system 
example is 0,557 % at k = 2 (approximately 95 % confidence level).

Note that if this meter was calibrated (so that the expanded uncertainty in C was determined as 0,2 % 
from a calibration facility for this example), then the relative expanded uncertainty would be calculated 
to be 0,318 %.

As stated in E.2.4 differential pressure uncertainty varies with the differential pressure. Given this, the 
contributions of the six terms in Table E.1 to Uqm

′  will vary with the differential pressure. Figure E.1 
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shows how the relative contributions to Uqm
′  of the six parameters identified in the example uncertainty 

calculation change when the differential pressure varies from 100 % to 1 % of the URL (100 % flow to 
10 % flow). In this example the differential pressure is varied with other parameters fixed. It is seen 
that at high flow rates (high differential pressure) UC

′  is the major contributor. As the flow rate is 
reduced U p∆

′  increases until it eventually becomes the major contributor.

Key
X percentage of full-scale differential pressure
Y contribution to mass flow rate uncertainty (%)
1 discharge coefficient uncertainty contribution
2 differential pressure uncertainty contribution
3 density uncertainty contribution
4 orifice diameter uncertainty contribution
5 pipe diameter uncertainty contribution
6 expansibility (expansion factor) uncertainty contribution
7 example conditions

Figure E.1 — Percentage contribution to mass flow rate uncertainty as flow rate varies

© ISO 2022 – All rights reserved	 ﻿
﻿

39



ISO 5167-1:2022(E)

Annex F 
(informative) 

 
Permanent pressure loss example

The alternative differential pressure meter designs (and their key characteristics, particularly 
β) specified in each part of ISO  5167 can have significantly different permanent pressure loss 
characteristics.

As stated in 5.6.3, the permanent pressure loss of a differential pressure meter, ∆ϖ , is the pressure 
loss caused by its insertion into a piping installation. Typically, it is assumed that the pressure is 
measured from a tapping D upstream of the metering system to a second tapping 6D downstream of the 
metering system.

The pressure loss coefficient of a differential pressure meter, K , is defined as:

K
V

= ∆ϖ

ρ1

2
1

2

	 (F.1)

Therefore, the pressure loss at a set of conditions can be calculated as:

∆ϖ ρ= 1

2
1

2V K 	 (F.2)

As a flow meter is an integral part of a piping installation, considering the permanent pressure loss of 
a stand-alone meter is an abstract exercise. The following example places a flow meter’s permanent 
pressure loss in the context of a piping installation’s overall permanent pressure loss. Overall lengths 
of piping installations vary drastically between industries and applications, and therefore the choice of 
pipe length for this example is arbitrary.

Consider a 304 800 mm (1 000-foot) length of 8” schedule 80 pipe (D = 193,675 mm) with a typical pipe 
friction factor of 0,014. The pressure loss coefficient of this piping installation (typically known as the 
“major” pipe loss coefficient, K

major
) can be calculated as:

K L
Dmajor

 = = =λ 0 014
304 800

193 675
22 03,

,
, 	 (F.3)

In addition, assume that there are several additional “minor” losses in the piping installation due to 
other pipe components:

— Globe valve fully open, K
minor

= 4 76,

— Four standard 90° bends, each with K
minor

= 0 42,

— A tee, K
minor

= 0 28,

— A sample probe, K
minor

= 0 09,

— Two thermowells, each with K
minor

= 0 09,

NOTE	 The major and “minor” losses for the globe valve, standard bends, and tee used in this example are 
typical values from Reference [16].

Summing these minor pressure loss component coefficients gives K
minor

= 6 99, .
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Flow conditioners may also be used as part of some metering systems, most commonly in industry with 
orifice plates and nozzles. A typical flow conditioner (e.g. NOVA’s design of K-Lab perforated plate flow 
conditioner, as per ISO 5167-2:2022, B.3.2) can have K = 2 .

The flow meter pressure loss coefficient for this example is given for each meter specified in the other 
parts of ISO 5167 (orifice plate, ISA nozzle, Venturi tube with the highest loss 15° divergent section, 
cone meter and wedge meter), calculated separately for β = 0 5,  and β = 0 7, .

Figure F.1 — Example comparison of total piping installation pressure loss coefficient for  
differential pressure metering system alternatives

Figure F.1 provides a graphical illustration of the total loss coefficient for the piping installation: the 
pipe itself, pipe components, flow conditioner (if applicable) and differential pressure meter. This 
demonstrates that the permanent pressure loss associated with a differential pressure meter might or 
might not be a significant component of the overall pressure loss of the whole piping installation.

It is also clear that the Venturi meter – even with the largest allowable divergent cone angle, and 
therefore the greatest permanent pressure loss – has by far the smallest overall pressure loss. The 
impact of the flow meter β is also significant for all meter types.

© ISO 2022 – All rights reserved	 ﻿
﻿

41



ISO 5167-1:2022(E)

Bibliography

[1]	 ISO 2186, Fluid flow in closed conduits — Connections for pressure signal transmissions between 
primary and secondary elements

[2]	 ISO/TR  3313, Measurement of fluid flow in closed conduits — Guidelines on the effects of flow 
pulsations on flow-measurement instruments

[3]	 ISO/TR 9464:2008, Guidelines for the use of ISO 5167:2003

[4]	 ISO/TR 12767, Measurement of fluid flow by means of pressure differential devices — Guidelines on 
the effect of departure from the specifications and operating conditions given in ISO 5167

[5]	 ISO/TR 15377, Measurement of fluid flow by means of pressure-differential devices — Guidelines for 
the specification of orifice plates, nozzles and Venturi tubes beyond the scope of ISO 5167

[6]	 ISO 21920-3, Geometrical product specification (GPS) — Surface texture: Profile — Specification 
operators 

[7]	 ISO 80000-2, Quantities and units — Part 2: Mathematics

[8]	 Niazi  A.,  Thalayasingam  S. Temperature changes across orifice meters. In Proc. of 19th North 
Sea Flow Measurement Workshop, Norway, Paper 13, October 2001

[9]	 Schlichting  H., Boundary layer theory.  New York,  McGraw-Hill, 1960

[10]	 Studzinski  W.,  Bowen  J. White Paper on Dynamic Effects on Orifice Measurement, Washington 
D.C., American Petroleum Institute, 1997

[11]	 Reader-Harris  M.J. Pipe roughness and Reynolds number limits for the orifice plate discharge 
coefficient equation. In Proc. of 2nd Int. Symp. on Fluid Flow Measurement, Calgary, Canada, 
Arlington, Virginia: American Gas Association, June 1990, pp. 29-43

[12]	 Reader-Harris  M.J., Sattary  J.A., Spearman  E. P. The orifice plate discharge coefficient 
equation. Progress Report No  PR14: EUEC/17 (EEC005). East Kilbride, Glasgow: National 
Engineering Laboratory Executive Agency, May 1992

[13]	 Reader-Harris  M. J., Orifice plates and Venturi tubes.  Springer, 2015

[14]	 Studzinski  W., Karnik  U., Lanasa  P., Morrow  T., Goodson  D., Husain  Z. et al. White Paper 
on Orifice Meter Installation Configurations with and without Flow Conditioners, Washington D.C., 
American Petroleum Institute, 1997

[15]	 Shen  J.J.S., Characterization of Swirling Flow and its Effects on Orifice Metering. SPE  22865.  
Richardson, Texas:  Society of Petroleum Engineers, 1991

[16]	 Crane Co, “Flow of Fluids through Valves, Fittings and Pipe – Technical Paper No.410”, Crane, 
2018

[17]	 Steven  R., Britton  C., Kinney  J. Differential Pressure Meters–A Cabinet of Curiosities (and 
Some Alternative Views on Accepted DP Meter Axioms). In Proc. of 30th International North Sea 
Flow Measurement Workshop 2012, UK, Paper 5.1, October 2001

	 ﻿� © ISO 2022 – All rights reserved
�﻿

42





ISO 5167-1:2022(E)

ICS 17.120.10
Price based on 42 pages

© ISO 2022 – All rights reserved	 ﻿


	Foreword 
	Introduction 
	1 Scope 
	2 Normative references 
	3 Terms and definitions 
	3.1 Pressure measurement 
	3.2 Primary devices 
	3.3 Flow 

	4 Symbols and subscripts 
	4.1 Symbols 

	5 Principle of the method of measurement and computation 
	5.1 Principle of the method of measurement 
	5.2 Method of determination of the required diameter ratio for the selected standard primary device 
	5.3 Computation of flow rate 
	5.4 Determination of density, pressure and temperature 
	5.4.1 General 
	5.4.2 Density 
	5.4.3 Static pressure 
	5.4.4 Temperature 

	5.5 Differential pressure flow measurement system 
	5.5.1 General 
	5.5.2 Primary device 
	5.5.3 Impulse lines and transmitters 
	5.5.4 Impulse line isolation valves and valve manifolds 
	5.5.5 Flow computer 

	5.6 Differential pressure flow measurement system design considerations 
	5.6.1 Flow rate turndown and stacked transmitters 
	5.6.2 Meter calibration 
	5.6.3 Permanent pressure loss 
	5.6.4 Diagnostics and meter verification 
	5.6.5 Overall uncertainty of differential pressure metering system 


	6 General requirements for the measurements 
	6.1 Primary device 
	6.2 Nature of the fluid 
	6.3 Flow conditions 

	7 Installation requirements 
	7.1 General 
	7.2 Minimum upstream and downstream straight lengths 
	7.3 General requirement for flow conditions at the primary device 
	7.3.1 Requirement 
	7.3.2 Swirl-free conditions 
	7.3.3 Good velocity profile conditions 

	7.4 Flow conditioners 
	7.4.1 Compliance testing 
	7.4.2 Specific test 


	8 Uncertainties on the measurement of flow rate 
	8.1 General 
	8.2 Definition of uncertainty 
	8.3 Practical computation of the uncertainty 
	8.3.1 Component uncertainties 
	8.3.2 Practical working formula 


	Annex€A (informative) Iterative computations 
	Annex€B (informative) Examples of values of the pipe wall uniform equivalent roughness, ka 
	Annex€C (informative) Flow conditioners and flow straighteners 
	Annex€D (informative) Differential pressure transmitters, flow range and turndown 
	Annex€E (informative) Example of uncertainty calculation for a differential pressure device 
	Annex€F (informative) Permanent pressure loss example 
	Bibliography 

