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This paper describes some of the revisions due to be published in the 2022 issue of the ISO 5167 standards
documents. The additional data from the authors’ company supporting these updates is described to provide
context, and to give users of these standards greater assurance of their underlying reliability.

1. Introduction

ISO 5167 is a key standard for the metering of single-phase fluids;
“Measurement of fluid flow by means of pressure differential devices
inserted in circular cross-section conduits running full”. It is widely
used in industry, and is accepted and incorporated into the national
standards of most countries around the world.

Originally developed from the British Standard BS 1042 “Methods
for the Measurement of Fluid Flow in Pipes” (initially published in
1943 [1], with revisions in 1964 [2] (see Fig. 1), and sections revised in
1980s and 1990s), it was largely replaced by BS EN ISO 5167 (initially
published in 1991 [3], with revisions in 2003 [4]).

Fig. 1. BS 1042:1964 “Measurement of Fluid Flow in Pipes” [2].
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ISO 5167:2003 [4] is comprised of 4 parts:

+ ISO 5167-1:2003 General principles and requirements
» ISO 5167-2:2003 Orifice plates

+ ISO 5167-3:2003 Nozzles and Venturi nozzles

+ ISO 5167-4:2003 Venturi tubes

The first part is general information relating to all differential
pressure (DP) devices covered in the subsequent parts of ISO 5167.
Each following parts of the ISO 5167 standard specifies a particular
design for a type of differential pressure flow meter, including detail-
ing the metrological information and tolerances, and the associated
performance:

More recently, the standard has been expanded to include two
additional single-phase DP metering devices:

* BS EN ISO 5167-5:2016 Cone meters [5]
+ BS EN ISO 5167-6:2019 Wedge meters [6]

For these two meter types, the design and tolerances were determined
from the flow meter designs and data made available to the relevant
working groups.

Note that ISO does not fund testing; however, members of the com-
mittee were able to supply available and additional data for analysis to
aid the development of these documents. The authors are members of
the ISO Standard Committee working groups (WG11, WG16 and WG17
from ISO/TC 30/SC 2 “Pressure differential devices”) that developed
most of these standards.
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This paper is written to support and validate the updates to these
standards due to be published later in 2022, based primarily on the
additional data supplied by the authors’ company.

2. ISO 5167-1 General principles and requirements

The main purpose of these updates and additions to ISO 5167-1
is to better describe each device as a complete differential pressure
flow measurement system. This brings together each “primary element”
described in the subsequent parts of ISO 5167, with the impulse lines,
valves and manifolds, transmitters and flow computers (sometimes
termed “secondary” and “tertiary” devices) that are required to de-
termine and output the flow rate based upon the differential pressure
measured across the primary element.

Differential pressure transmitter technology has significantly ad-
vanced over recent decades, with the traditional limited range no
longer appropriate. Modern single digital transmitter systems can result
in a turndown range in flow rate of 10:1, and this can be increased with
‘stacked’ transmitters as indicated in the new Annex D of the revised
ISO 5167-1 document. It also notes that comparisons of turndown often
overstate the potential improvement, so 20:1 does not cover double the
range of a 10:1 turndown, but only 5.56% additional flow range.

Methods for comparison of ranges and uncertainty are clarified to
ease the development of DP metering systems. Although ISO 5168 [7]
provides a means of calculating the overall uncertainty in the flow rate,
Annex E now provides a suitable example detailing the required infor-
mation and calculation process. Similarly, an example of calculation of
the permanent pressure loss has been added in Annex F, comparing the
performance of different DP meter primary elements.

Consideration for additions of diagnostics to modern DP flow me-
ters, and the use of meter verification systems are also mentioned,
as these both provide useful enhancements to modern DP metering
systems.

This update to ISO 5167-1 has also provided a pertinent opportunity
to remove some of the over-detailed information regarding specific flow
straighteners and flow conditioners; any device would be appropriate
if it passes the compliance test stated in section 7.4.1 of the standard.

Fig. 2. Various orifice plates.

3. ISO 5167-2 Orifice plates

The updates to the ISO 5167-2 have mainly been limited to keeping
all parts of ISO 5167 consistent with one another, including incorporat-
ing a Section 7 on “Flow calibration of orifice meters”. No additional
data has been included, and therefore no changes to the discharge
coefficient or expansibility equations have been made. However, a
number of minor errors and inconsistencies have been corrected. (See
Fig. 2).
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Fig. 3. Cut-through of a nozzle.

4. 1SO5167-3 Nozzles and Venturi nozzles

BS EN ISO 5167-3:2020 [8] supersedes the 2003 revision, through
the work of ISO working group ISO/TC 30/SC 2/WG 18. The major
alteration was the addition of throat-tapped nozzles to the standard, as
well as Section 7 on “Flow calibration of nozzles”. The additional data
supplied to update this document is not available to the authors of this
paper, as they were not members of this working group.

The 2022 release of this standard will include only minor correc-
tions to the 2020 document. (See Fig. 3).

5. ISO 5167-4 Venturi tubes

Fig. 4. Cut-through of a machined Venturi.

Within the main text of the ISO 5167-4:2003 Venturi tube standard,
the text deals with three types of classical Venturi tubes: ‘as cast’;
machined; rough welded sheet-iron. Each type has its defined range
of applicable pipe diameter and beta ratio, and over a given range
of Reynolds numbers a constant discharge coefficient with specified
uncertainty. The included Annex B (which is marked as informative)
provides additional discharge coefficient and uncertainty data for each
meter type for an extended range of Reynolds number.

The 2022 version has updated the discharge coefficient data for
machined Venturi tubes (see Fig. 4) to remain consistent with the value
of 0.995 used for pipe Reynolds numbers between 2 x 10° and 1 x 10° in
the 2003 revision, and Appendix B values for lower Reynolds numbers.
However, for Reynolds numbers above 1x 10% the additional data
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supplied results in a discharge coefficient of 1.000 with an expanded
uncertainty of 1.8% (for k = 2, or approximately 95% confidence level).

These values were derived from the additional data provided by the
committee members: an additional 398 single phase calibrations (with
verified meter design and metrological dimensions, largely provided by
Solartron ISA from several different ISO 17025 [9] accredited flow loop
facilities) of standard machined Venturi meters, covering a significant
range of pipe diameter, D, and beta ratio, f. In total this provided
an extra 2118 “test points” and expanded the range of the machined
Venturi data validity to pipe diameters of up to 350 mm, increased from
250 mm (see Figs. 5, 6, 7, and 8).

Additionally, other updates to ISO 5167-4 have been to keep all
parts of ISO 5167 consistent with one another, including incorporating
a Section 7 on “Flow calibration of Venturi tube meters”. No changes
have made to the expansibility factor as this is theoretically derived.
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Fig. 9. Cut-through of a cone meter.

6. ISO 5167-5 Cone meters

ISO 5167-5:2016 [5] was developed by the WG16 working group
to incorporate the cone meter (see Fig. 9) into the ISO 5167 standards
family. Data was collated via many of the working group members,
leading to a standardised design and performance as detailed in the
following subsections. This standard was the first to include the new
Section 7 on flow calibration.

Data for cone meters of a known meter design resulted in collating
calibrations from 65 meters with pipe diameter 50 mm < D < 500 mm
and beta ratio 0.45 < # < 0.75. (Although approximately 150 calibration
reports were gathered by the committee, many were unable to be used
as it was impossible to confirm the meter design details, so the usable
data represents around 43% of what was provided.)

Additionally, a limitation was placed upon the measured differential
pressure such that DP > 500 Pa (50 mbar, or approximately 2” WC).
This was used to trim the data of test points with higher DP measure-
ment uncertainty and resulted in the 1298 test points shown in Figs. 10
and 11.

The discharge coefficient value and associated uncertainty (0.82
+5% to 95% confidence) were directly calculated from this data, as
can be seen from Fig. 10. Whilst it can be seen from Fig. 11 that lower
discharge coefficient tends to occur for higher beta ratio meters, the
trend is not clear enough to provide an equation for the discharge
coefficient value in terms of beta.

The expansibility formula and the associated uncertainty detailed
in ISO 5167-5 uses the equation from “Derivation of an expansibility
factor for the V Cone meter” by Stewart, Reader-Harris and Peters
(2001) [10].
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The equation for pressure loss published in ISO 5167-5:2016 was de-
rived as a best fit to data supplied by Colorado Engineering Experiment
Station Inc. (CEESI) from twelve calibrations of 2” to 8” cone meters
with 0.45 < p < 0.75, using air and natural gas over a range of pressures,
DP’s and Reynolds numbers. It was noted that the downstream tapping
location is not standardized, and in this data varied from 2.5D to
6D downstream of the rear of the cone; surprisingly, however, there
appeared to be little difference in the results obtained from the different
locations. The uncertainty in this data fit, although not provided in the
standard, is estimated as 15%.

The working group collated a number of previous tests and papers
regarding the number of straight lengths that are required between
various fittings and a cone meter. Additionally, committee members
tested additional meters for the purpose of clarifying the data to be
presented in this paper.

The data available to the working group was therefore used to write
the specific clauses 6.2.1 to 6.2.5 of ISO 5167-5. Whilst noting that this
is not as comprehensive as, for instance, Table 1 of ISO 5167-4, they
provide the generalized limitations of this test data.

The 2022 release of this standard mainly includes only small correc-
tions and alterations to the 2016 document to bring consistency with
the other parts.

7. ISO 5167-6 Wedge meters

ISO 5167-6:2019 [6] was developed by the WG17 working group to
incorporate the single wedge meter Fig. 12 into the ISO 5167 standards
family. Data was collated via many of the working group members,
leading to a standardized design and performance as detailed in the
following subsections. This standard also included the new Section 7
on flow calibration.
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Fig. 12. Cut-through of a wedge meter.
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Fig. 13. Wedge discharge coefficient vs. .

Significantly less wedge meter calibration data were provided to the
committee than for other standards. The committee members agreed
to manufacture a number of meters in 2”, 6” and 10” nominal sizes,
with beta ratio 0.377 < # < 0.791 (equivalent to wedge height parameter
0.2 < h/D <0.6). The additional test data in the standard was largely
provided by the meters manufactured by Solartron ISA, which were of
the specified design and metrological dimensional tolerances required
by this new standard. Computational Fluid Dynamics (CFD) simulations
were also carried out by other committee members to further support
the development of this standard.

A trend in discharge coefficient against beta ratio was noted for
the wedge meter, as shown by the red box in Fig. 13. This resulted
in a formula being used for the discharge coefficient, and an associated
uncertainty of +4% to 95% confidence.

As no data or equation for the expansibility factor was available for
the wedge meter, it was determined that the best option was to use
the theoretical isentropic expansibility equation, and to highlight this
limitation within the standard.

As there was also no data for the resultant uncertainty in the
expansibility, the given equation represents the difference between the
isentropic expansibility equation and the expansibility equation for the
orifice plate, as a theoretical “worst case”.

Permanent pressure loss measurements were taken for the meters
manufactured and tested by the working group members. From this
Fig. 14 indicates the trend in permanent pressure loss ratio (which is
the ratio of the differential pressure across the whole meter to the DP
measured for flow calculation) to beta. The uncertainty in this data fit,
although not provided in the standard, is calculated as + 10%, although
this appears to be greatest at the highest beta ratios.
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Very little data was available to the working group for flow dis-
turbance data around a wedge meter. The data supplied in Table 1
of section 6.2 of ISO 5167-6:2019 is the summary of the one test
of a 100 mm NB wedge meter with g =0.707 (h/D =0.5), giving
recommended upstream lengths (in terms of pipe diameters) sufficient
to avoid shifts in discharge coefficient of greater than 0.5%. In the
absence of other data to conflict with this information, this is assumed
to be applicable to the full range of meters defined by the standard.

The 2022 release of this standard will mainly include only small
corrections and alterations to the 2019 document to bring consistency
with the other parts.

8. Flow calibration of flow meters

An additional Section 7 was included for orifice, nozzle, Venturi,
cone and wedge meter standards to provide a suitable methodology for
the calibration of a differential pressure (DP) meter. This section was
deemed to be required as each individual meter can once calibrated
perform significantly better than the generalized discharge coefficient
uncertainty would indicate. However, for the performance of the meter
to be considered similar enough to those given in the rest of these
standards, the calibration must be performed in a manner that will
allow for a reliable determination of the discharge coefficient.

9. Future work

Once the current work items to bring all parts of ISO 5167 together
have been completed, further updates to the following ISO/TC 30/SC 2
documents are likely to be undertaken in a timely manner, to consis-
tently bring more of the suite of documents up to date:

» ISO/TR 9464:2008 “Guidelines for the use of ISO 5167:2003”

» ISO/TR 12767:2007 “Measurement of fluid flow by means of
pressure differential devices — Guidelines on the effect of de-
parture from the specifications and operating conditions given in
ISO 5167”7

+ ISO/TR 15377:2018 “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”7
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10. Summary

This paper has provided a brief overview of the data used to develop
the ISO 5167-5 Cone meter, ISO 5167-6 Wedge meter, and the updates
to most of the other parts of the ISO 5167 standards for the 2022
revision. It is hoped that this will contextualize the results detailed
in these standards and provide greater assurance of their underlying
reliability. Additional work will aim to bring this consistency to the
wider range of associated documents.
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