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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 5167-2 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 second edition of ISO 5167-2 cancels and replaces the first edition (ISO 5167-2:2003), which has 
been technically revised.

The main changes are as follows:

—	 a revised maximum orifice edge thickness is given for β < 0,2;

—	 a correction has been made to the required spacing between two 45° bends for which the straight 
length upstream of an orifice plate is stated;

—	 a clearer specification has been given for the tee for which the straight length upstream of an orifice 
plate is stated;

—	 flow calibration of orifice plates is included;

—	 there is improved wording of the rules for spacing of multiple fittings but no change in actual 
requirements.

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 in accordance with this standard 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 (all parts) 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.

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 2: 
Orifice plates

1	 Scope

This document specifies the geometry and method of use (installation and operating conditions) of 
orifice plates when they are inserted in a conduit running full to determine the flow rate of the fluid 
flowing in the conduit.

This document also provides background information for calculating the flow rate and is applicable in 
conjunction with the requirements given in ISO 5167-1.

This document is applicable to primary devices having an orifice plate used with flange pressure 
tappings, or with corner pressure tappings, or with D and D/2 pressure tappings. Other pressure 
tappings such as “vena contracta” and pipe tappings are not covered by this document. This document 
is applicable only to a flow which 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[1]. It 
does not cover the use of orifice plates in pipe sizes less than 50 mm or more than 1 000 mm, or where 
the pipe Reynolds numbers are below 5 000.

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 5167-1, Measurement of fluid flow by means of pressure differential devices inserted in circular-cross 
section conduits running full — Part 1: General principles and requirements

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, definitions and symbols

For the purposes of this document, the terms, definitions and symbols given in ISO 4006 and ISO 5167-1 
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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4	 Principles of the method of measurement and computation

The principle of the method of measurement is based on the installation of an orifice meter into 
a pipeline in which a fluid is running full. The presence of the orifice plate causes a static pressure 
difference between the upstream and downstream sides of the plate. The mass flow rate, qm, can be 
determined using Formula (1):

q C d pm =
−1

4
2

4

2

1

β
ε ρπ ∆ 	 (1)

The uncertainty limits can be calculated using the procedure given in ISO 5167-1:2022, Clause 8.

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

Similarly, the value of volume flow rate, qV, is calculated from Formula (2):

qV
qm=
ρ

	 (2)

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

As will be seen later in this document, the discharge coefficient, C, is dependent on the Reynolds number, 
Re, (see ISO 5167-1:2022, 3.3.2), which is itself dependent on qm, and has to be obtained by iteration 
(see ISO 5167-1:2022, Annex A, for guidance regarding the choice of the iteration procedure and initial 
estimates).

The diameters d and D used in Formula (1) (since D is required to calculate β) are the values of the 
diameters at working conditions. Measurements taken at any other conditions should be corrected 
for any possible expansion or contraction of the orifice plate and the pipe due to the values of the 
temperature and pressure of the fluid during the measurement.

It is necessary to know the density and the viscosity of the fluid at the 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	 Orifice plates

5.1	 Description

5.1.1	 General

The various types of standard orifice meter designs are similar and therefore only a single description 
is needed. Each type of standard orifice meter design is characterized by the arrangement of the 
pressure tappings.

‘Orifice plate’ can refer just to the plate or to the whole meter; where it is important to be clear that the 
plate and pipework are meant, ‘orifice meter’ can be used.

NOTE	 Limits of use are given in 5.3.1.

The axial plane cross-section of a standard orifice plate is shown in Figure 1.

The letters given in the following text refer to the corresponding references in Figure 1.

5.1.2	 General shape

5.1.2.1	 The part of the plate inside the pipe shall be circular and concentric with the pipe centreline. 
The faces of the plate shall always be flat and parallel.

	 ﻿� © ISO 2022 – All rights reserved
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5.1.2.2	 Unless otherwise stated, the following requirements apply only to that part of the plate 
located within the pipe.

5.1.2.3	 Care shall be taken in the design of the orifice plate and its installation to ensure that plastic 
buckling and elastic deformation of the plate, due to the magnitude of the differential pressure or of any 
other stress, do not cause the slope of the straight line specified in 5.1.3.1 to exceed 1 % under working 
conditions.

Traditionally, many differential pressure systems had a maximum differential pressure limit of 50 kPa 
(500 mbar). With modern digital differential pressure instrumentation, a higher maximum differential 
pressure is possible, provided that the plate material, plate thickness, and method of support are 
sufficient to prevent bending or buckling.

NOTE	 Further information is given in ISO/TR 9464:2008, 5.2.5.1.2.3.

Key
1 upstream face A
2 downstream face B
a Direction of flow.

Figure 1 — Standard orifice plate

5.1.3	 Upstream face A

5.1.3.1	 The upstream face A of the plate shall be flat when the plate is installed in the pipe with zero 
differential pressure across it. Provided that it can be shown that the method of mounting does not 
distort the plate, this flatness may be measured with the plate removed from the pipe. Under these 
circumstances, the plate may be considered to be flat when the maximum gap between the plate and a 
straight edge of length D laid across any diameter of the plate (see Figure 2) is less than 0,005(D – d)/2, 

© ISO 2022 – All rights reserved	 ﻿
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i.e. the slope is less than 0,5 % when the orifice plate is examined prior to insertion into the meter line. 
As can be seen from Figure  2, the critical area is in the vicinity of the orifice bore. The uncertainty 
requirements for this dimension can be met using feeler gauges.

Key
1 orifice plate outside diameter
2 pipe inside diameter, D
3 straight edge
4 orifice
5 departure from flatness (measured at edge of orifice)

Figure 2 — Orifice plate-flatness measurement

5.1.3.2	 The upstream face of the orifice plate shall have a roughness criterion Ra < 10−4d within a 
circle of diameter not less than D and which is concentric with the orifice. In all cases, the roughness of 
the upstream face of the orifice plate shall not be such that it affects the edge sharpness measurement. 
If, under working conditions, the plate does not fulfil the specified conditions, it shall be repolished or 
cleaned to a diameter of at least D.

5.1.3.3	 Where possible, it is useful to provide a distinctive mark which is visible even when the orifice 
plate is installed to show that the upstream face of the orifice plate is correctly installed relative to the 
direction of flow.

5.1.4	 Downstream face B

5.1.4.1	 The downstream face B shall be flat and parallel with the upstream face (see also 5.1.5.4).

5.1.4.2	 Although it may be convenient to manufacture the orifice plate with the same surface finish 
on each face, it is unnecessary to provide the same high-quality finish for the downstream face as for 
the upstream face (see Reference [5]; but also see 5.1.9).

5.1.4.3	 The flatness and surface condition of the downstream face may be judged by visual inspection.

5.1.5	 Thicknesses E and e

5.1.5.1	 The thickness e of the orifice shall be between 0,005D and 0,02D and shall always be less than 
0,1d.

5.1.5.2	 The difference between the values of e measured at any point on the orifice shall not be 
greater than 0,001D.

	 ﻿� © ISO 2022 – All rights reserved
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5.1.5.3	 The thickness E of the plate shall be between e and 0,05D.

However, when 50 mm ≤ D ≤ 64 mm, a thickness E up to 3,2 mm is acceptable.

It shall also meet the requirements of 5.1.2.3.

5.1.5.4	 If D ≥ 200 mm, the difference between the values of E measured at any point of the plate shall 
not be greater than 0,001D. If D < 200 mm, the difference between the values of E measured at any point 
of the plate shall not be greater than 0,2 mm.

5.1.6	 Angle of bevel, α

5.1.6.1	 If the thickness, E, of the plate exceeds the thickness e of the orifice, the plate shall be bevelled 
on the downstream side. The bevelled surface shall be well finished.

5.1.6.2	 The angle of bevel, α, shall be 45° ± 15°.

5.1.7	 Edges G, H and I

5.1.7.1	 The upstream edge G shall not have wire-edges or burrs.

NOTE	 A burr is a small sharp piece of metal typically left behind after a manufacturing process. A wire-edge 
is a burr which extends along a significant part of an edge.

5.1.7.2	 The upstream edge G shall be sharp. It is considered so if the edge radius is not greater than 
0,000 4d.

If d ≥ 25 mm, this requirement can generally be considered as satisfied by visual inspection, by checking 
that the edge does not reflect a beam of light when viewed with the naked eye.

If d  <  25  mm, visual inspection is insufficient. Alternatively, a flow calibration can be performed, in 
accordance with Clause 7.

If there is any doubt as to whether this requirement is met, the edge radius shall be measured.

5.1.7.3	 The upstream edge shall be square; it is considered to be so when the angle between the 
orifice bore and the upstream face of the orifice plate is 90° ± 0,3°. The orifice bore is the region of the 
orifice plate between edges G and H.

5.1.7.4	 The downstream edges  H and I are within the separated flow region and hence the 
requirements for their quality are less stringent than those for edge G. This being the case, small defects 
(for example, a single nick) are acceptable.

5.1.7.5	 Various small non-conformities to the sharp inlet edge G, such as a small nick or partial wear 
on a small segment of the orifice circumference, do not necessarily produce significant flow prediction 
biases (see Reference  [5]). However, as it is not possible to quantify the effect of all possible non-
conformities that may be encountered in service, a plate that is out of specification should be evaluated, 
and if necessary, changed.

5.1.8	 Diameter of orifice, d

5.1.8.1	 The diameter d shall in all cases be greater than or equal to 12,5  mm. The diameter ratio, 
β = d/D, shall be always greater than or equal to 0,10 and less than or equal to 0,75.

Within these limits, the value of β may be chosen by the user.

© ISO 2022 – All rights reserved	 ﻿
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5.1.8.2	 The value d of the diameter of the orifice shall be taken as the mean of the measurements of at 
least four diameters at approximately equal angles to each other. Care shall be taken that the edge and 
bore are not damaged when making these measurements.

5.1.8.3	 The orifice shall be cylindrical.

No diameter shall differ by more than 0,05 % from the value of the mean diameter. This requirement 
is deemed to be satisfied when the difference in the length of any of the measured diameters complies 
with the said requirement in respect of the mean of the measured diameters. In all cases, the roughness 
of the orifice bore cylindrical section shall not be such that it affects the edge sharpness measurement.

5.1.9	 Bidirectional plates

5.1.9.1	 If the orifice plate is intended to be used for measuring reverse flows, the following 
requirements shall be fulfilled:

a)	 the plate shall not be bevelled;

b)	 the two faces shall comply with the specifications for the upstream face given in 5.1.3;

c)	 the thickness, E, of the plate shall be equal to the thickness e of the orifice specified in 5.1.5; 
consequently, it may be necessary to limit the differential pressure to prevent plate distortion 
(see 5.1.2.3);

d)	 the two edges of the orifice shall comply with the specifications for the upstream edge specified in 
5.1.7.

5.1.9.2	 Furthermore, for orifice plates with D and D/2 tappings (see 5.2), two sets of upstream and 
downstream pressure tappings shall be provided and used according to the direction of the flow.

5.1.10	 Material and manufacture

The plate may be manufactured from any material and in any way, provided that it is and remains in 
accordance with the foregoing description during the flow measurements.

5.2	 Pressure tappings

5.2.1	 General

For each orifice plate, at least one upstream pressure tapping and one downstream pressure tapping 
shall be installed in one or other of the standard locations, i.e. as D and D/2, flange or corner tappings.

A single orifice plate may be used with several sets of pressure tappings suitable for different types 
of standard orifice meters, but to avoid mutual interference, several tappings on the same side of the 
orifice plate shall be offset by at least 30°.

The location of the pressure tappings characterizes the type of standard orifice meter.

5.2.2	 Orifice plate with D and D/2 tappings or flange tappings

5.2.2.1	 The spacing l of a pressure tapping is the distance between the centreline of the pressure 
tapping and the plane of a specified face of the orifice plate. When installing the pressure tappings, due 
account shall be taken of the thickness of the gaskets and/or sealing material.

	 ﻿� © ISO 2022 – All rights reserved
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5.2.2.2	 For orifice plates with D and D/2 tappings (see Figure  3), the spacing, l1, of the upstream 
pressure tapping is nominally equal to D, but may be between 0,9D and 1,1D without altering the 
discharge coefficient.

The spacing, l2, of the downstream pressure tapping is nominally equal to 0,5D but may be between the 
following values without altering the discharge coefficient:

—	 between 0,48D and 0,52D when β ≤ 0,6;

—	 between 0,49D and 0,51D when β > 0,6.

Both l1 and l2 spacings are measured from the upstream face of the orifice plate.

5.2.2.3	 For orifice plates with flange tappings (see Figure 3), the spacing l1 of the upstream pressure 
tapping is nominally 25,4 mm and is measured from the upstream face of the orifice plate.

The spacing l
2

'  of the downstream pressure tapping is nominally 25,4 mm and is measured from the 
downstream face of the orifice plate.

These upstream and downstream spacings l1 and l
2

'  may be within the following ranges without 
altering the discharge coefficient:

—	 25,4 mm ± 0,5 mm when β > 0,6 and D < 150 mm;

—	 25,4 mm ± 1 mm in all other cases, i.e. β ≤ 0,6, or β > 0,6, but 150 mm ≤ D ≤ 1 000 mm.

5.2.2.4	 The centreline of the tapping shall meet the pipe centreline at an angle as near to 90° as 
possible, but in every case within 3° of the perpendicular.

5.2.2.5	 At the point of break-through, the hole shall be circular. The edges shall be flush with the 
internal surface of the pipe wall and as sharp as possible. To ensure the elimination of all burrs or wire 
edges at the inner edge, rounding is permitted but shall be kept as small as possible and, where it can be 
measured, its radius shall be less than one-tenth of the pressure tapping diameter. No irregularity shall 
appear inside the connecting hole, on the edges of the hole drilled in the pipe wall or on the pipe wall 
close to the pressure tapping.

5.2.2.6	 Conformity of the pressure tappings with the requirements specified in 5.2.2.4 and 5.2.2.5 
may be judged by visual inspection.

5.2.2.7	 The diameter of pressure tappings shall be less than 0,13D and less than 13 mm.

No restriction is placed on the minimum diameter, which is determined in practice by the need 
to prevent accidental blockage and to give satisfactory dynamic performance. The upstream and 
downstream tappings shall have the same diameter.

5.2.2.8	 The pressure tappings shall be circular and cylindrical over a length of at least 2,5 times the 
internal diameter of the tapping, measured from the inner wall of the pipeline.

5.2.2.9	 The centrelines of the pressure tappings may be located in any axial plane of the pipeline.

© ISO 2022 – All rights reserved	 ﻿
﻿

7



ISO 5167-2:2022(E)

5.2.2.10	 The axis of the upstream tapping and that of the downstream tapping may be located in 
different axial planes, but are normally located in the same axial plane.

Key
1 D and D/2 pressure tappings
2 flange tappings
a Direction of flow.
b l1 = D ± 0,1D
c l2 = 0,5D ± 0,02D for β ≤ 0,6
    0,5D ± 0,01D for β > 0,6
d

l1 =  l
2

'  = (25,4 ± 0,5) mm for β > 0,6 and D < 150 mm
    (25,4 ± 1) mm for β ≤ 0,6
    (25,4 ± 1) mm for β > 0,6 and 150 mm ≤ D ≤ 1 000 mm

Figure 3 — Spacing of pressure tappings for orifice plates with D and D/2 tappings or flange 
tappings

5.2.3	 Orifice plate with corner tappings

5.2.3.1	 The spacing between the centrelines of the tappings (see Figure 4) and the respective faces 
of the plate is equal to half the diameter or to half the width of the tappings themselves, so that the 
tapping holes break through the wall flush with the faces of the plate (see also 5.2.3.5).

	 ﻿� © ISO 2022 – All rights reserved
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5.2.3.2	 The pressure tappings may be either single tappings or annular slots. Both types of tappings 
may be located either in the pipe or in its flanges or in carrier rings as shown in Figure 4.

Key
1 carrier ring with annular slot f thickness of the slot
2 individual tappings c length of the upstream ring
3 pressure tappings c' length of the downstream ring
4 carrier ring b diameter of the carrier ring
5 orifice plate a width of annular slot or diameter of single tapping
    s distance from upstream step to carrier ring
a Direction of flow. g, h dimensions of the annular chamber
    j chamber tapping diameter

Figure 4 — Corner tappings
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5.2.3.3	 The diameter a of a single tapping and the width a of annular slots are specified below. The 
minimum diameter is determined in practice by the need to prevent accidental blockage and to give 
satisfactory dynamic performance.

For clean fluids and vapours:

—	 for β ≤ 0,65: 0,005D ≤ a ≤ 0,03D;

—	 for β > 0,65: 0,01D ≤ a ≤ 0,02D.

If D < 100 mm, a value of a up to 2 mm is acceptable for any β.

For any values of β

—	 for clean fluids: 1 mm ≤ a ≤ 10 mm;

—	 for vapours, in the case of annular chambers: 1 mm ≤ a ≤ 10 mm;

—	 for vapours and for liquefied gases, in the case of single tappings: 4 mm ≤ a ≤ 10 mm.

NOTE	 The requirements on size as a fraction of pipe diameter are based on geometrical similarity to the 
original orifice runs on which the discharge coefficient is based. For vapours and for liquefied gases, there 
are pipe diameters for which it is not possible to manufacture a system using single corner tappings that is in 
conformity with this document.

5.2.3.4	 The annular slots usually break through the pipe over the entire perimeter, with no break 
in continuity. If not, each annular chamber shall connect with the inside of the pipe by at least four 
openings, the axes of which are at equal angles to one another and the individual opening area of which 
is at least 12 mm2.

5.2.3.5	 If individual pressure tappings, as shown in Figure 4, are used, the centreline of the tappings 
shall meet the centreline of the pipe at an angle as near to 90° as possible.

If there are several individual pressure tappings in the same upstream or downstream plane, their 
centrelines shall form equal angles with each other. The diameters of individual pressure tappings are 
specified in 5.2.3.3.

The pressure tappings shall be circular and cylindrical over a length of at least 2,5 times the internal 
diameter of the tappings measured from the inner wall of the pipeline.

The upstream and downstream pressure tappings shall have the same diameter.

5.2.3.6	 The internal diameter b of the carrier rings shall be greater than or equal to the diameter D 
of the pipe, to ensure that they do not protrude into the pipe, but shall be less than or equal to 1,04D. 
Moreover, the condition in Formula (3) shall be met:

b D
D

c
D

− × × <
+

100
0 1

0 1 2 3

,

, , β 4
	 (3)

The lengths c and c' of the upstream and downstream rings (see Figure 4) shall not be greater than 
0,5D.

The thickness, f, of the slot shall be greater than or equal to twice the width a of the annular slot. The 
area of the cross-section of the annular chamber, gh, shall be greater than or equal to half the total area 
of the opening connecting this chamber to the inside of the pipe.

5.2.3.7	 All surfaces of the ring that are in contact with the measured fluid shall be clean and shall 
have a well-machined finish. The surface finish shall meet the pipe roughness requirements (see 5.3.1).
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5.2.3.8	 The pressure tappings connecting the annular chambers to the secondary devices are pipe-
wall tappings, circular at the point of break-through and with a diameter j between 4 mm and 10 mm 
(see 5.2.2.5).

5.2.3.9	 The upstream and downstream carrier rings need not necessarily be symmetrical in relation 
to each other, but they shall both conform with the preceding requirements.

5.2.3.10	 The diameter of the pipe shall be measured as specified in 6.4.2, the carrier ring being 
regarded as part of the primary device. This also applies to the distance requirement given in 6.4.4 so 
that s shall be measured from the upstream edge of the recess formed by the carrier ring.

5.3	 Coefficients and corresponding uncertainties of orifice plates

5.3.1	 Limits of use

Standard orifice plates shall only be used in accordance with this document under the following 
conditions.

For orifice plates with corner or with D and D/2 pressure tappings:

—	 d ≥ 12,5 mm;

—	 50 mm ≤ D ≤ 1 000 mm;

—	 0,1 ≤ β ≤ 0,75;

—	 ReD ≥ 5 000 for 0,1 ≤ β ≤ 0,56;

—	 ReD ≥ 16 000 β2 for β > 0,56.

For orifice plates with flange tappings:

—	 d ≥ 12,5 mm;

—	 50 mm ≤ D ≤ 1 000 mm;

—	 0,1 ≤ β ≤ 0,75;

—	 Both ReD ≥ 5 000 and ReD ≥ 170 β2D where D is expressed in millimetres.

Table 1 — Maximum value of 104Ra/D

β
ReD

≤104 3 × 104 105 3 × 105 106 3 × 106 107 3 × 107 108

≤0,20 15 15 15 15 15 15 15 15 15
0,30 15 15 15 15 15 15 15 14 13
0,40 15 15 10 7,2 5,2 4,1 3,5 3,1 2,7
0,50 11 7,7 4,9 3,3 2,2 1,6 1,3 1,1 0,9
0,60 5,6 4,0 2,5 1,6 1,0 0,7 0,6 0,5 0,4

≥0,65 4,2 3,0 1,9 1,2 0,8 0,6 0,4 0,3 0,3

The pipe internal roughness shall satisfy the following specification if the uncertainty values in this 
document are to be met, i.e. the value of the arithmetical mean deviation of the roughness profile, 
Ra, shall be such that 104Ra/D is less than the maximum value given in Table 1 and greater than the 
minimum value given in Table 2. The discharge coefficient equation (see 5.3.2.1) was determined from a 
database collected using pipes whose roughness is known; the limits on Ra/D were determined so that 
the shift in discharge coefficient due to using a pipe of a different roughness should not be so great that 
the uncertainty value in 5.3.3.1 is no longer met. Information regarding pipe roughness may be found 
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in ISO 5167-1:2022, 7.1.5. The work on which Tables 1 and 2 are based is described in References [6][7] 
and [8].

Table 2 — Minimum value of 104Ra/D (where one is required)

β
ReD

≤3 × 106 107 3 × 107 108

≤0,50 0,0 0,0 0,0 0,0
0,60 0,0 0,0 0,003 0,004

≥0,65 0,0 0,013 0,016 0,012

The roughness shall meet requirements given in Tables 1 and 2 for 10D upstream of the orifice plate. 
The roughness requirements relate to the orifice fitting and the upstream pipework. The downstream 
roughness is not as critical.

For example, the requirements of this section are satisfied in either of the following cases:

—	 1 µm ≤ Ra ≤ 6 µm, D ≥ 150 mm, β ≤ 0,6 and ReD ≤ 5 × 107;

—	 1,5 µm ≤ Ra ≤ 6 µm, D ≥ 150 mm, β > 0,6 and ReD ≤ 1,5 × 107.

Where D is less than 150 mm, it is necessary to calculate the maximum and minimum values of Ra using 
Tables 1 and 2.

5.3.2	 Coefficients

5.3.2.1	 Discharge coefficient, C

The discharge coefficient, C, is given by the Reader-Harris/Gallagher (1998) equation[9][10]:

C
ReD

= + − +








 +0 596 1 0 026 1 0 216 0 000 521

10
0

2 8
6

0 7

, , , , ,

,

   β β β
0018 8 0 006 3

10

0 043 0 080 0

3 5
6

0 3

1

  

-10

+( )








 +

+ −

,

, ,

,

,

A
Re

e

D

L

β

,, , , ,
' ' , ,

123 1 0 11

1

0 031 0 81

4

4
2 2

1 1 1 3e A M ML-7
 ( ) −( )

−
− −( )β

β
β

	 (4)

Where D  <  71,12  mm (2,8  in), the following term shall be added to Formula  (4), with diameter D 
expressed in millimetres:

+ −( ) −





0 011 0 75 2 8
25 4

, , ,
,

β D

In these formulae

β (= d/D) is the diameter ratio, with the diameters d and D expressed in millimetres;
ReD is the Reynolds number calculated with respect to D;
L1 (= l1/D) is the quotient of the distance of the upstream tapping from the upstream face of the plate and 

the pipe diameter; and
L'2 (= l'2/D) is the quotient of the distance of the downstream tapping from the downstream face of the plate 

and the pipe diameter (L'2 denotes the reference of the downstream spacing from the downstream 
face, while L2 would denote the reference of the downstream spacing from the upstream face);

       
      M

L
'

'

2

2
2

1
=

− β

       A
ReD

= 







19 000
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The values of L1 and L'2 to be used in this formula, when the spacings are in accordance with the 
requirements of 5.2.2.2, 5.2.2.3 or 5.2.3, are as follows:

—	 for corner tappings:

L1 = L'2 = 0

—	 for D and D/2 tappings:

L1 = 1

L'2 = 0,47

—	 for flange tappings:

L L
D1 2

25 4= ='
,

where D is expressed in millimetres.

Formula (4) is only valid for the tapping arrangements specified in 5.2.2 or 5.2.3. In particular, it is not 
permitted to enter into the equation pairs of values of L1 and L'2 which do not match one of the three 
standardized tapping arrangements.

Formula (4), as well as the uncertainties given in 5.3.3, is only valid when the measurement meets all 
the limits of use specified in 5.3.1 and the general installation requirements specified in Clause 6 and in 
ISO 5167-1.

Values of C as a function of β, ReD and D are given for convenience in Tables A.1 to A.11. These values are 
not intended for precise interpolation. Extrapolation is not permitted.

5.3.2.2	 Expansibility [expansion] factor, ε

For the three types of tapping arrangement, the empirical formula[11] for computing the expansibility 
[expansion] factor, ε, is as follows:

ε β β
κ

= − + +( ) −



















1 0 351 0 256 0 93 1
4 8 2

1

1

, , ,

/p
p

	 (5)

NOTE	 p1and Δp are usually measured: p2 = p1 − Δp.

Formula (5) is applicable only if p2/p1 ≥ 0,75, and only within the range of the limits of use specified in 
5.3.1.

Values of the expansibility [expansion] factor as a function of the isentropic exponent, the pressure 
ratio and the diameter ratio are given for convenience in Table A.12. These values are not intended for 
precise interpolation. Extrapolation is not permitted.

5.3.3	 Uncertainties

5.3.3.1	 Uncertainty of discharge coefficient C

For all three types of tappings, when β, D, ReD and Ra/D are assumed to be known without error, UC
′ , 

the relative expanded uncertainty of the value of C at k = 2 (approximately 95 % confidence level), is 
equal to:
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— (0,7 – β) % for 0,1 ≤ β < 0,2;
— 0,5 % for 0,2 ≤ β ≤ 0,6;
— (1,667 β – 0,5) % for 0,6 < β ≤ 0,75.

If D < 71,12 mm (2,8 in), the following relative expanded uncertainty should be added arithmetically to 
the above values:

+ − −





0,9(0,75 β ) ,
,

%2 8
25 4

D

If β > 0,5 and ReD < 10 000, the following relative expanded uncertainty should be added arithmetically 
to the above values:

+ 0 5, % 

5.3.3.2	 Uncertainty of expansibility [expansion] factor ε

When β, Δp/p1 and κ are assumed to be known without error, Uε
′

, the relative expanded uncertainty of 
the value of ε at k = 2 (approximately 95 % confidence level), is given by Formula (6):

3 5

1

, %
∆p
pκ

	 (6)

5.4	 Pressure loss, Δϖ

5.4.1	 The pressure loss, Δϖ, for the orifice plates described in this document is approximately related 
to the differential pressure Δp by Formula (7)

∆ ∆ϖ
β β

β β
=

− −( ) −

− −( ) +

1 1

1 1

4 2 2

4 2 2

C C

C C
p 	 (7)

This pressure loss is the difference in static pressure between the pressure measured at the wall on 
the upstream side of the orifice plate, at a section where the influence of the approach impact pressure 
adjacent to the plate is still negligible (approximately D upstream of the orifice plate), and that measured 
on the downstream side of the orifice plate, where the static pressure recovery by expansion of the 
jet may be considered as just completed (approximately 6D downstream of the orifice plate). Figure 5 
shows the pressure profile through an orifice metering system.

5.4.2	 A simpler but less accurate value of Δϖ/Δp is

∆
∆
ϖ β
p

= −1
1,9

5.4.3	 The pressure loss coefficient, K, for the orifice plate (see Reference [12]) is

K
C

C
=

− −( )
−















1 1

1

4 2

2

2

β

β

where K is defined by the following formula:

K
V

= ∆ϖ
1

2
1

2ρ
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Key
1 plane of upstream flange pressure tappings
2 plane of downstream flange pressure tappings
3 plane of “vena contracta” (highest velocities)
4 plane of temperature probe
5 secondary flow regions
6 thermometer pocket or well
7 pressure tappings
8 pressure distribution on the wall
9 mean temperature distribution

Figure 5 — Approximate profiles of flow, pressure and temperature in an orifice metering 
system

6	 Installation requirements

6.1	 General

General installation requirements for pressure differential devices are given in ISO  5167-1:2022, 
Clause  7 and should be followed in conjunction with the additional specific requirements for orifice 
plates given in this clause. The general requirements for flow conditions at the primary device are given 
in ISO 5167-1:2022, 7.3. The requirements for use of a flow conditioner are given in ISO 5167-1:2022, 7.4. 
For some commonly used fittings, as specified in Table 3, the minimum straight lengths of pipe indicated 
may be used and detailed requirements are given in 6.2. However, a flow conditioner as specified in 6.3 
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will permit the use of a shorter upstream pipe length; moreover, a flow conditioner shall be installed 
upstream of the orifice plate where sufficient straight length to achieve the desired level of uncertainty 
is not available. Downstream of a header the use of a flow conditioner is strongly recommended. Many 
of the lengths given in 6.2 and all lengths given in 6.3.2 are based on data included in Reference [13]. 
Additional work which contributed to the lengths in 6.2 is given in References [14] and [15].

6.2	 Minimum upstream and downstream straight lengths for installation between 
various fittings and the orifice plate

6.2.1	 The minimum straight lengths of pipe required upstream and downstream of the orifice plate 
for the specified fittings in the installation without flow conditioners are given in Table 3.

6.2.2	 When a flow conditioner is not used, the lengths specified in Table  3 shall be regarded as 
the minimum values. For research and calibration work in particular, it is recommended that the 
upstream values specified in Table 3 be increased by at least a factor of 2 to minimize the measurement 
uncertainty.

6.2.3	 When the straight lengths used are equal to or longer than the values specified in Columns A 
of Table 3 for “zero additional uncertainty”, it is not necessary to increase the uncertainty in discharge 
coefficient to take account of the effect of the particular installation.

6.2.4	 When the upstream or downstream straight length is shorter than the value corresponding 
to “zero additional uncertainty” shown in Columns A and either equal to or greater than the “0,5 % 
additional uncertainty” value shown in Columns B of Table 3 for a given fitting, an additional relative 
uncertainty of 0,5 % shall be added arithmetically to the relative expanded uncertainty of the discharge 
coefficient.

6.2.5	 This document cannot be used to predict the value of any additional uncertainty when either,

a)	 straight lengths shorter than the “0,5 % additional uncertainty” values specified in Columns B of 
Table 3 are used, or

b)	 both the upstream and downstream straight lengths are shorter than the “zero additional 
uncertainty” values specified in Columns A of Table 3.

6.2.6	 The valve shown in Table 3 shall be set fully open during the flow measurement process. It is 
recommended that control of the flow rate be achieved by valves located downstream of the orifice 
plate. Isolating valves located upstream of the orifice plate shall be set fully open, and these valves shall 
be full bore. The valve should be fitted with stops for alignment of the ball in the open position. The 
valve shown in Table 3 is one which is of the same nominal diameter as the upstream pipe, but whose 
bore diameter is such that a diameter step is larger than that permitted in 6.4.3.

6.2.7	 In the metering system, upstream valves which are match bored to the adjacent pipework and 
are designed in such a manner that in the fully opened condition there are no steps greater than those 
permitted in 6.4.3, can be regarded as part of the metering pipework length and do not need to have 
added lengths as in Table 3 provided that when flow is being measured they are fully open.
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6.2.8	 The values given in Table 3 were determined experimentally with a very long straight length 
of pipe upstream of the fitting in question so that the flow immediately upstream of the fitting was 
considered as fully developed and swirl-free. Since in practice such conditions are difficult to achieve, 
the following information may be used as a guide for normal installation practice.

a)	 If several fittings of the type covered by Table 3 (treating the combinations of 90° bends already 
covered by this table as a single fitting) are placed in series upstream of the orifice plate, the 
following shall be applied:

1)	 Between the orifice plate and fitting 1 (the fitting immediately upstream of the orifice plate) 
there shall be a straight length greater than or equal to the minimum length given in Table 3 
appropriate for the specific orifice plate diameter ratio used with fitting 1.

2)	 Between fitting 1 and fitting 2 (the next fitting upstream of the orifice plate), there shall be a 
straight length greater than or equal to half the minimum length given in Table 3 for an orifice 
plate of diameter ratio 0,67 used with fitting 2 (irrespective of the actual diameter ratio of the 
orifice plate). If the pipe diameter changes at fitting 1, the pipe diameter between fitting 1 and 
fitting 2 is used to calculate this minimum length.

If either of the minimum straight lengths is selected from Column B (i.e. prior to taking the 
half value from fitting 1 to fitting 2 of Table 3), a 0,5 % additional relative uncertainty shall be 
added arithmetically to the relative expanded uncertainty of the discharge coefficient.

3)	 If fitting 1 is a full-bore valve (as in Table 3), then the valve can be installed at the outlet of 
fitting 2.

The required length between the valve and fitting 2 (as calculated from 2)) should be added to 
the length between the orifice plate and fitting 1 specified in Table 3; see Figure 6. 6.2.8 b) shall 
also be satisfied (as it is in Figure 6).

b)	 Between the orifice plate and any upstream fitting (treating any two consecutive 90° bends as a 
single fitting), the straight length shall be greater than or equal to the minimum length given in 
Table  3 appropriate for the specific orifice plate diameter ratio used with that fitting. The pipe 
diameter upstream of the orifice plate is used to calculate this minimum length.

The distance between the orifice plate and the fitting shall be measured along the pipe axis.

If, for any upstream fitting, the distance meets this requirement using the number of diameters 
in Column B but not that in Column A, then a 0,5 % additional relative uncertainty shall be added 
arithmetically to the discharge coefficient relative expanded uncertainty. However, this additional 
uncertainty shall not be added more than once under the provisions of a) and b).

c)	 It is strongly recommended that a flow conditioner (see ISO 5167-1:2022, 7.4) should be installed 
downstream of a metering system header (e.g. one whose cross-section area is approximately equal 
to 1,5 times the cross-sectional area of the operating flow meter tubes) since there will always be 
distortion of the flow profile and a high probability of swirl.

d)	 When fitting 2 (or a more distant fitting) is a combination of bends, then in applying Table 3 the 
separation between the bends is calculated as a multiple of the diameter of the bends themselves.
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Key
1 expander
2 full bore ball valve or gate valve fully open
3 orifice plate

Figure 6 — Layout including a full bore valve for β = 0,6

6.2.9	 By way of example, three cases of the application of 6.2.8  a) and b) are considered. In each 
case, fitting 2 is two bends in perpendicular planes (the separation between the bends is 10 times the 
diameter of the bends) and the orifice plate has diameter ratio 0,4.

6.2.9.1	 If fitting 1 is a full bore ball valve fully open [see Figure 7 a)], the distance between the orifice 
plate and the ball valve shall be at least 12D (from Table 3) and that between the valve and the two 
bends in perpendicular planes shall be at least 22D [from 6.2.8 a)]; the distance between the orifice 
plate and the two bends in perpendicular planes shall be at least 44D [from 6.2.8 b)].

If the ball valve has length 1D, an additional total length of 9D is required, which may be either upstream 
or downstream of the valve, or partly upstream and partly downstream of it. The instructions in 
6.2.8 a) 3) could also be used to move the valve to be adjacent to the two bends in perpendicular planes 
provided that there is at least 44D from the orifice plate to the two bends in perpendicular planes [see 
Figure 7 b)].

6.2.9.2	 If fitting 1 is a reducer from 2D to D over a length of 2D [see Figure 7 c)], the distance between 
the orifice plate and the reducer shall be at least 5D (from Table 3) and that between the reducer and 
the two bends in perpendicular planes shall be at least 22 × 2D [from 6.2.8 a)]; the distance between the 
orifice plate and the two bends in perpendicular planes shall be at least 44D [from 6.2.8 b)]. Therefore, 
no additional length is required because of 6.2.8 b).

6.2.9.3	 If fitting 1 is an expander from 0,5D to D over a length of 2D [see Figure 7 d)], the distance 
between the orifice plate and the expander shall be at least 12D (from Table 3) and that between the 
expander and the two bends in perpendicular planes shall be at least 22  ×  0,5D [from 6.2.8  a)]; the 
distance between the orifice plate and the two bends in perpendicular planes shall be at least 44D 
[from 6.2.8 b)]. Therefore, an additional total length of 19D is required which may be either upstream 
or downstream of the expander, or partly upstream and partly downstream of it.
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a)   x ≥ 0, y ≥ 0, x + y ≥ 9

b)

c)

d)   x ≥ 0, y ≥ 0, x + y ≥ 19

Figure 7 — Examples of acceptable installations (see 6.2.9)
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6.3	 Flow conditioners

6.3.1	 General

A flow conditioner can be used to reduce upstream straight lengths either through meeting the 
conformity test given in ISO  5167-1:2022, 7.4.1 in which case it can be used downstream of any 
upstream fitting, or through meeting the requirements of ISO 5167-1:2022, 7.4.2 which gives additional 
possibilities outside conformity testing. In either case the test work shall be carried out using orifice 
plates.

Unpatented flow conditioners which have met the conformity test of ISO 5167-1 are the 19‑tube bundle 
flow straightener (1998) and the Zanker flow conditioner plate. Annex B describes some patented flow 
conditioners which have met the conformity test.

6.3.2 and 6.3.3 give the situations in which the 19‑tube bundle flow straightener (1998) and the Zanker 
flow conditioner plate can be used upstream of orifice plates: 6.3.2.2 and 6.3.3.2 describe the situations 
in which the 19‑tube bundle flow straightener (1998) and the Zanker flow conditioner plate can be used 
downstream of any fitting; 6.3.2.3 describes some additional situations in which the 19‑tube bundle 
flow straightener (1998) may be used to reduce the required upstream length.

Annex  B describes some flow conditioners which can be used upstream of orifice plates and the 
requirements for straight lengths associated with them. It is not intended that the inclusion of the flow 
conditioners described there should limit the use of other flow conditioner designs which have been 
tested and proved to provide sufficiently small shifts in discharge coefficient.

6.3.2	 19-tube bundle flow straightener (1998)

6.3.2.1	 Description

6.3.2.1.1	 Design

The 19-tube bundle flow straightener (1998) shall consist of 19 tubes arranged in a cylindrical pattern 
as in Figure 8.

In order to reduce the swirl that can occur between the exterior tubes of the 19-tube bundle flow 
straightener (1998) and the wall of the pipe, the maximum outside diameter of the flow straightener, Df, 
shall satisfy

0,95D ≤ Df ≤ D

The length, L, of the tubes shall be between 2D and 3D, preferably as close to 2D as possible.

6.3.2.1.2	 Tubing of the 19-tube bundle flow straightener (1998)

It is necessary for all the tubes in the tube bundle to be of uniform smoothness, outer diameter and wall 
thickness. The individual tube wall thickness of the 19-tube bundle flow straightener (1998) shall be 
thin. All tubes shall have an internal chamfer on both ends.

The wall thickness shall be less than 0,025D; this value is based on the wall thickness of the tubes used 
to collect the data on which this document is based.

6.3.2.1.3	 Fabrication of the 19-tube bundle flow straightener (1998)

The 19-tube bundle flow straightener (1998) shall be sturdily fabricated. Individual tubes should 
be welded together at the points of contact, at least at both ends of the tube bundle. It is important 
to ensure that the tubes are parallel to each other and to the pipe axis since, if conformity with this 
requirement is not met, the straightener itself may introduce swirl into the flow. Centring spacers may 
be provided on the outside of the assembly to assist the installer in centring the device in the pipe; 
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these may take the form of small lugs or small rods parallel to the pipe axis. After being inserted in the 
pipe, the tube bundle shall be securely fastened in place. Secure fastening, however, should not distort 
the tube bundle assembly with respect to symmetry within the pipe.

Key
1 minimized gap
2 pipe wall
3 tube wall thickness
4 centring spacer options (typically four places)
a Df is the flow straightener outside diameter.

Figure 8 — 19-tube bundle flow straightener (1998)

6.3.2.1.4	 Pressure loss

The pressure loss coefficient, K, for the 19-tube bundle flow straightener (1998) is approximately equal 
to 0,75, where K is given by the following Formula (8):

K
p

V

c=
∆

1

2

2ρ
	 (8)

where

  Δpc is the pressure loss across the 19-tube bundle flow straightener (1998);

  ρ is the density of the fluid in the pipe;

  V is the mean axial velocity of the fluid in the pipe.

6.3.2.2	 Installation downstream of any fitting

6.3.2.2.1	 The 19-tube bundle flow straightener (1998) shown in Figure 8 can be used downstream of 
any upstream fitting with an orifice plate whose diameter ratio is 0,67 or smaller provided that it meets 
the manufacturing specification in 6.3.2.1 and is installed in accordance with 6.3.2.2.2.

6.3.2.2.2	 The 19-tube bundle flow straightener (1998) shall be installed so that there is at least 30D 
between the orifice plate and any upstream fitting. The 19-tube bundle flow straightener (1998) shall 
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be installed so that the distance between the downstream end of the 19-tube bundle flow straightener 
(1998) and the orifice plate is equal to 13D ± 0,25D.

6.3.2.3	 Additional options

6.3.2.3.1	 A 19-tube bundle flow straightener (1998) may also be used to reduce the required 
upstream straight length in situations outside the situation described in 6.3.2.2. The 19-tube bundle 
flow straightener (1998) shall be as described in 6.3.2.1.

The permitted locations for the 19-tube bundle flow straightener (1998) depend on Lf, the distance 
from the orifice plate to the nearest upstream fitting, measured to the downstream end of the curved 
portion of the nearest (or only) bend or of the tee or the downstream end of the curved or conical 
portion of the reducer or expander.

Table 4 provides the permitted location range and the recommended location for the 19-tube bundle 
flow straightener (1998) for two ranges of Lf:

—	 30D > Lf ≥ 18D, and

—	 Lf ≥ 30D.

Lf shall be greater than or equal to 18D. The locations for the 19-tube bundle flow straightener (1998) 
are described in Table 4 in terms of the straight lengths between the downstream end of the 19-tube 
bundle flow straightener (1998) and the orifice plate.

If, for a particular upstream fitting, an orifice plate diameter ratio and a value of Lf, there is no location 
shown in Table 4 for a 19-tube bundle flow straightener (1998), then an installation with this fitting, β 
and Lf, is not recommended. In this case, an increase in Lf and/or a reduction in β is necessary.

The length required downstream of the orifice plate shall be as given in Table 3.

An example of the use of Table 4 is given in 6.3.2.4.

6.3.2.3.2	 When the straight length between orifice plate and 19-tube bundle flow straightener (1998) 
is in accordance with the values specified in Columns A of Table 4 and the downstream straight length 
in accordance with Column A of Table 3 for “zero additional uncertainty”, it is not necessary to increase 
the uncertainty in discharge coefficient to take account of the effect of the particular installation.

6.3.2.3.3	 An additional relative uncertainty of 0,5  % shall be added arithmetically to the relative 
expanded uncertainty in the discharge coefficient when either:

a)	 the straight length between orifice plate and 19-tube bundle flow straightener (1998) is not in 
accordance with the value corresponding to “zero additional uncertainty” shown in Columns A but 
in accordance with the value corresponding to “0,5 % additional uncertainty” shown in Columns B 
of Table 4; or

b)	 the downstream straight length is shorter than the value corresponding to “zero additional 
uncertainty” shown in Column  A but either equal to or greater than the “0,5  % additional 
uncertainty” value shown in Column B of Table 3 for a given fitting.

6.3.2.3.4	 This document cannot be used to predict the value of any additional uncertainty when:

a)	 the straight length between orifice plate and 19-tube bundle flow straightener (1998) is not in 
accordance with the value corresponding to “0,5 % additional uncertainty” shown in Columns B of 
Table 4; or

b)	 the downstream straight length is shorter than the “0,5 % additional uncertainty” value specified 
in Column B of Table 3; or
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c)	 both the straight length between orifice plate and 19-tube bundle flow straightener (1998) is not in 
accordance with the value corresponding to “zero additional uncertainty” shown in Columns A of 
Table 4 and the downstream straight length is shorter than the “zero additional uncertainty” value 
specified in Column A of Table 3.
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6.3.2.3.5	 The values given in Table 4 were determined experimentally with a very long straight length 
mounted upstream of the fitting in question so that the flow immediately upstream of the fitting was 
considered as fully developed and swirl-free. Since in practice such conditions are difficult to achieve, 
there shall be at least 15D of straight pipe between the fitting listed in Table 4 and the nearest fitting 
beyond that one, unless the columns relating to any fitting are used.

6.3.2.4	 An example

If it is necessary to install a single bend upstream of an orifice plate of diameter ratio 0,6, there are 
two options using a 19-tube bundle flow straightener (1998) which will reduce the upstream length 
in comparison with the 42D required (see Table 3) if no flow conditioner is used. Either an installation 
as in 6.3.2.2.2 is permissible [see Figure 9 a)] which has the advantage that any fitting can be placed at 
any distance upstream of the single bend or an installation as in Table 4 is permissible [see Figure 9 b)] 
which gives a shorter straight length required downstream of the bend but a straight length required 
upstream of the bend. If the upstream straight length from the orifice plate to the bend is greater 
than or equal to 30D, Table 4 can also be used to provide a wider range of tube bundle locations but 
since these locations will rarely be required in designing installations these options are not shown in 
Figure 9.

a)   Installation using 6.3.2.2.2

b)   Installation using Table 4

Key
1 position of any fitting placed at any distance upstream of the single bend
2 position of previous fitting placed before straight length upstream of the single bend

Figure 9 — Examples of installations with a 19-tube bundle flow straightener (1998) 
downstream of a single bend
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6.3.3	 The Zanker flow conditioner plate

6.3.3.1	 Description

The Zanker flow conditioner plate[16] shown in Figure 10 met the conformity test requirements given 
in ISO 5167-1:2022, 7.4.1.2 to 7.4.1.6. A Zanker flow conditioner plate which meets the manufacturing 
specification in 6.3.3.2 and is installed in accordance with 6.3.3.3 will be compliant with this document. 
It is not patented.

6.3.3.2	 Design

The Zanker flow conditioner plate is illustrated in Figure 10 and consists of 32 bored holes arranged in 
a symmetrical circular pattern. The dimensions of the holes are a function of the pipe inside diameter D 
and shall be as follows:

a)	 a ring of 4 central holes of diameter 0,141D ± 0,001D on a pitch circle diameter of 0,25D ± 0,002 5D;

b)	 a ring of 8 holes of diameter 0,139D ± 0,001D on a pitch circle diameter of 0,56D ± 0,005 6D;

c)	 a ring of 4 holes of diameter 0,136 5D ± 0,001D on a pitch circle diameter of 0,75D ± 0,007 5D;

d)	 a ring of 8 holes of diameter 0,110D ± 0,001D on a pitch circle diameter of 0,85D ± 0,008 5D;

e)	 a ring of 8 holes of diameter 0,077D ± 0,001D on a pitch circle diameter of 0,90D ± 0,009D.

The tolerance on the diameter of each hole is ±0,1 mm for D < 100 mm.

The perforated plate thickness, tc, is such that 0,12D ≤ tc ≤ 0,15D. The flange thickness depends on the 
application; the outer diameter and flange face surfaces depend on the flange type and application.

Figure 10 — Drawing of the Zanker flow conditioner plate

The pressure loss coefficient, K, for the Zanker flow conditioner plate is approximately equal to 3, where 
K is given by the following Formula (9):

K
p

V
=

∆
c

1

2

2ρ
	 (9)
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where

  Δpc is the pressure loss across the Zanker flow conditioner plate;

  ρ is the density of the fluid in the pipe;

  V is the mean axial velocity of the fluid in the pipe.

6.3.3.3	 Installation

Lf, the distance between the orifice plate and the nearest upstream fitting, shall be at least equal to 17D. 
The Zanker flow conditioner plate shall be installed so that Ls, the distance between the downstream 
face of the conditioner plate and the orifice plate, is such that

7,5D ≤ Ls ≤ Lf − 8,5D

The Zanker flow conditioner plate can be used for β ≤ 0,67.

The distance to a bend (or bend combination) or a tee is measured to the downstream end of the curved 
portion of the nearest (or only) bend or of the tee. The distance to a reducer or expander is measured to 
the downstream end of the curved or conical portion of the reducer or the expander.

The locations in this subclause are acceptable downstream of any fitting. A wider range of locations for 
the Zanker flow conditioner plate is permissible if the range of upstream fittings is restricted or the 
overall length between the upstream fitting and the orifice plate is increased or the diameter ratio of 
the orifice plate is reduced. These locations are not described here.

6.4	 Circularity and cylindricality of the pipe

NOTE	 Guidance is provided in ISO/TR 9464:2008, 5.2.6.4.

6.4.1	 The 2D length of the upstream pipe section adjacent to the orifice plate (or to the carrier ring if 
there is one) shall be manufactured with special care and shall meet the requirement that no diameter 
in any plane in this length shall differ by more than 0,3 % from the mean value of D obtained from the 
measurements specified in 6.4.2.

6.4.2	 The value for the pipe diameter D shall be the mean of the internal diameters over a length of 
0,5D upstream of the upstream pressure tapping. The internal mean diameter shall be the arithmetic 
mean of measurements of at least twelve diameters, namely four diameters positioned at approximately 
equal angles to each other, distributed in each of at least three cross-sections evenly distributed over 
a length of 0,5D, two of the sections being at distance 0D and 0,5D from the upstream tapping and one 
being in the plane of the weld in the case of a weld-neck construction. If there is a carrier ring (see 
Figure 4), this value of 0,5D shall be measured from the upstream edge of the carrier ring.

6.4.3	 Beyond 2D from the orifice plate, the upstream pipe run between the orifice plate and the first 
upstream fitting or disturbance may be made up of one or more sections of pipe.

Between 2D and 10D from the orifice plate, no additional uncertainty in the discharge coefficient is 
involved provided that the diameter step (the difference between the diameters) between any two 
sections does not exceed 0,3 % of the mean value of D obtained from the measurements specified in 
6.4.2. Moreover, the actual step caused by misalignment and/or change in diameter shall not exceed 
0,3  % of D at any point of the internal circumference of the pipe. Therefore, mating flanges would 
require the bores to be matched and the flanges aligned on installation. Dowels or self-centring gaskets 
could be used.

Beyond 10D from the orifice plate (see Reference  [17]), no additional uncertainty in the discharge 
coefficient is involved provided that the diameter step (the difference between the diameters) between 
any two sections does not exceed 2 % of the mean value of D obtained from the measurements specified 
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in 6.4.2. Moreover, the actual step caused by misalignment and/or change in diameter shall not exceed 
2 % of D at any point of the internal circumference of the pipe. If the pipe diameter upstream of the 
step is greater than that downstream of it, the permitted diameter and actual steps are increased from 
2  % to 6  % of D. On each side of the step, the pipe shall have a diameter between 0,98D and 1,06D. 
Beyond 10D from the orifice plate, the use of gaskets between sections will not violate this requirement 
provided that in use they are no thicker than 3,2 mm and they do not protrude into the flow.

At a location which is both beyond 10D from the orifice plate and beyond the first location where an 
expander could be fitted in accordance with Column 10A of Table 3, no additional uncertainty in the 
discharge coefficient is involved provided that the diameter step (the difference between the diameters) 
between any two sections does not exceed 6 % of the mean value of D obtained from the measurements 
specified in 6.4.2. Moreover, the actual step caused by misalignment and/or change in diameter shall 
not exceed 6 % of D at any point of the internal circumference of the pipe. On each side of the step, the 
pipe shall have a diameter between 0,94D and 1,06D. The first location where an expander could be 
fitted in accordance with Column 10A of Table 3 depends on the diameter ratio of the orifice plate: for 
example, it is 26D from the orifice plate if β = 0,6.

6.4.4	 An additional relative uncertainty of 0,2  % shall be added arithmetically to the relative 
expanded uncertainty for the discharge coefficient if the diameter step (ΔD) between any two sections 
exceeds the limits given in 6.4.3 but complies with the following relationship given by Formula (10):

∆D
D

s
D<

+

+

















0 002

0 4

0 1 2 3
4

,

,

, , β
	 (10)

and

∆D
D

< 0 05,

where s is the distance of the step from the upstream pressure tapping or, if a carrier ring is used, from 
the upstream edge of the recess formed by the carrier ring.

6.4.5	 If a step is greater than any one of the limits given in the inequalities above or if there is more 
than one step outside the limits in 6.4.3, the installation is not in accordance with this document.

6.4.6	 No diameter of the downstream straight length, considered along a length of at least 2D from 
the upstream face of the orifice plate, shall differ from the mean diameter of the upstream straight 
length by more than 3 %. This can be judged by checking a single diameter of the downstream straight 
length. Mating flanges would require the bores to be matched and the flanges aligned on installation. 
Dowels or self-centring gaskets could be used.

6.5	 Location of orifice plate and carrier rings

6.5.1	 The orifice plate shall be placed in the pipe in such a way that the fluid flows from the upstream 
face towards the downstream face.

All flow shall pass through the orifice bore; no leakage shall be permitted around the periphery of the 
plate.

6.5.2	 The orifice plate shall be perpendicular to the centreline of the pipe to within 1°.

6.5.3	 The orifice plate shall be centred in the pipe. The distance ec between the centreline of the 
orifice and the centrelines of the pipe on the upstream and downstream sides shall be measured, and 
for each pressure tapping the components of the distance between the centreline of the orifice and the 
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centreline of the pipe in which it is located in the directions parallel to and perpendicular to the axis of 
the pressure tapping shall be determined.

ec,l, the component in the direction parallel to the pressure tapping, shall for each pressure tapping be 
such that

e D
c,l

≤
+

0 0025

0 1 2 3
4

,

, , β

ec,n, the component in the direction perpendicular to the pressure tapping, shall for each pressure 
tapping be such that

e D
c,n

≤
+

0 005

0 1 2 3
4

,

, , β

If, for one or more pressure tappings,

0 0025

0 1 2 3

0 005

0 1 2 3
4 4

,

, ,

,

, ,

D e D
+

< ≤
+β β

c,l

an additional relative uncertainty of 0,3  % shall be added arithmetically to the relative expanded 
uncertainty in the discharge coefficient C. This additional uncertainty shall only be added once even if 
the above inequality holds for several pressure tappings.

In the case where, for any pressure tapping,

either e e D
c,l

or
c,n

>
+

0 005

0 1 2 3
4

,

, , β
this document gives no information for predicting any additional uncertainty due to lack of concentricity.

6.5.4	 When carrier rings are used, they shall be centred such that they do not protrude into the pipe 
at any point.

6.6	 Method of fixing and gaskets

6.6.1	 The method of fixing and tightening shall be such that once the orifice plate has been installed 
in the proper position, it remains so.

It is necessary to allow for the thermal expansion of the orifice plate to avoid buckling and distortion.

6.6.2	 Gaskets or sealing rings shall be made and inserted in such a way that they do not protrude at 
any point inside the pipe or across the pressure tappings or slots when corner tappings are used. They 
shall be as thin as possible, with due consideration taken in maintaining the relationship as specified in 
5.2.

6.6.3	 If gaskets are used between the orifice plate and the annular chamber rings, they shall not 
protrude inside the annular chamber.

7	 Flow calibration of orifice meters

7.1	 General

For users of orifice meters of the geometry described in this document that require a lower discharge 
coefficient uncertainty than that stated in 5.3.3.1, or for users of devices where the geometry differs 
from that described in this document, the orifice meter shall be calibrated.
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The purpose of a flow calibration is to determine the discharge coefficient of an individual orifice meter 
and its associated uncertainty.

Where the geometry of the orifice meter differs from that described in this document, the expansibility 
equation given in Formula (5) shall not be used unless verified. In such a case, the manufacturer of the 
orifice meter shall provide an appropriate formula for the expansibility (expansion) factor.

Calibrated meters shall only be used within the calibrated Reynolds number range.

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

7.2	 Test facility

The orifice meter shall be calibrated in such a manner as to ensure appropriate traceability for the user 
of the orifice meter for the intended application.

NOTE	 For guidance on what might be appropriate, ISO/IEC 17025[4] is applicable.

7.3	 Meter installation

The orifice meter should be installed with, as a minimum, the upstream and downstream straight 
lengths specified in Clause 6.

If the orifice meter is to be used with a flow conditioner a package consisting of at least 4D of pipe 
upstream of the flow conditioner, the flow conditioner, the pipe between the flow conditioner and the 
orifice plate, the orifice plate and at least 6D of pipe downstream of the orifice plate shall be calibrated.

The orientation of the orifice meter is irrelevant.

If the orifice meter in operation will be installed in pipe work that differs significantly from the 
installation guidelines in this document, the operational pipe design should be replicated at the 
calibration facility in order to reduce the uncertainty of the orifice meter in its installation.

7.4	 Design of the test programme

The orifice meter should be calibrated, as a minimum, over the entire Reynolds number range the meter 
is expected to see in operational service. The number of test points (i.e. nominal Reynolds numbers 
at which data are collected) shall be appropriate for the metering application. The test facility can 
calibrate the orifice meter using liquid or gas, or both liquid and gas in separate tests to cover the 
required Reynolds number range.

The calibration data of an orifice meter are not transferrable to another orifice meter. If the meter has 
multiple sets of tappings, each set shall be calibrated as if it were a separate meter. Extrapolation of the 
calibration shall not be permitted.

7.5	 Reporting the calibration results

The calibration test report should as a minimum provide tabulated results of the differential pressure, 
Reynolds number, and discharge coefficient values. The provision of graphs is also recommended for 
ease of analysis.

The discharge coefficient versus Reynolds number relationship determined in the calibration process 
shall be implemented according to the user’s requirements. If this relationship is not constant to within 
the user’s tolerance, then a non-constant mathematical expression should be used which will require 
an iterative solution. Consistent with 7.4, the user shall not extrapolate this mathematical expression.
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7.6	 Uncertainty analysis of the calibration

7.6.1	 General

All uncertainties calculated as part of this flow calibration shall be stated to k = 2 (approximately 95 % 
confidence level).

7.6.2	 Uncertainty of the test facility

The uncertainty of the instrumentation used by the test facility shall be calculated and recorded for 
each test point of the flow calibration. The uncertainty in the flow measurement shall be computed 
from this data utilizing a method detailed in either ISO 5168 or ISO/IEC Guide 98-3. Both the chosen 
method and the results shall be recorded in the calibration report.

Where both liquid and gas tests are separately used to cover the Reynolds number range, the 
uncertainties of each test facility for the relevant test points shall be clearly detailed in the calibration 
report.

7.6.3	 Uncertainty of the orifice meter

The calibration procedure and the calculated uncertainty of the orifice meter under test shall be 
recorded in the calibration report. As so few measurements are taken at each Reynolds number, an 
appropriate statistical methodology shall be used, as, for instance, standard deviation should only be 
used for larger data sets.
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Annex A 
(informative) 

 
Tables of discharge coefficients and expansibility [expansion] 

factors

Table A.1 — Orifice plate with corner tappings — Discharge coefficient, C, for D ≥ 71,12 mm

Diam-
eter 
ratio

Discharge coefficient, C, for ReD equal to

β 5 × 103 1 × 104 2 × 104 3 × 104 5 × 104 7 × 104 1 × 105 3 × 105 1 × 106 1 × 107 1 × 108 ∞

0,10 0,600 6 0,599 0 0,598 0 0,597 6 0,597 2 0,597 0 0,596 9 0,596 6 0,596 5 0,596 4 0,596 4 0,596 4

0,12 0,601 4 0,599 5 0,598 3 0,597 9 0,597 5 0,597 3 0,597 1 0,596 8 0,596 6 0,596 5 0,596 5 0,596 5

0,14 0,602 1 0,600 0 0,598 7 0,598 2 0,597 7 0,597 5 0,597 3 0,596 9 0,596 8 0,596 6 0,596 6 0,596 6

0,16 0,602 8 0,600 5 0,599 1 0,598 5 0,598 0 0,597 8 0,597 6 0,597 1 0,596 9 0,596 8 0,596 8 0,596 8

0,18 0,603 6 0,601 1 0,599 5 0,598 9 0,598 3 0,598 1 0,597 8 0,597 4 0,597 1 0,597 0 0,597 0 0,596 9

0,20 0,604 5 0,601 7 0,600 0 0,599 3 0,598 7 0,598 4 0,598 1 0,597 6 0,597 4 0,597 2 0,597 2 0,597 1

0,22 0,605 3 0,602 3 0,600 5 0,599 8 0,599 1 0,598 7 0,598 5 0,597 9 0,597 6 0,597 4 0,597 4 0,597 4

0,24 0,606 2 0,603 0 0,601 0 0,600 2 0,599 5 0,599 1 0,598 8 0,598 2 0,597 9 0,597 7 0,597 6 0,597 6

0,26 0,607 2 0,603 8 0,601 6 0,600 7 0,599 9 0,599 6 0,599 2 0,598 6 0,598 2 0,598 0 0,597 9 0,597 9

0,28 0,608 3 0,604 6 0,602 2 0,601 3 0,600 4 0,600 0 0,599 7 0,599 0 0,598 6 0,598 3 0,598 2 0,598 1

0,30 0,609 5 0,605 4 0,602 9 0,601 9 0,601 0 0,600 5 0,600 1 0,599 4 0,598 9 0,598 6 0,598 5 0,598 4

0,32 0,610 7 0,606 3 0,603 6 0,602 6 0,601 6 0,601 1 0,600 6 0,599 8 0,599 3 0,599 0 0,598 8 0,598 7

0,34 0,612 0 0,607 3 0,604 4 0,603 3 0,602 2 0,601 7 0,601 2 0,600 3 0,599 8 0,599 3 0,599 2 0,599 1

0,36 0,613 5 0,608 4 0,605 3 0,604 0 0,602 9 0,602 3 0,601 8 0,600 8 0,600 2 0,599 7 0,599 6 0,599 4

0,38 0,615 1 0,609 6 0,606 2 0,604 9 0,603 6 0,603 0 0,602 4 0,601 3 0,600 7 0,600 1 0,599 9 0,599 8

0,40 0,616 8 0,610 9 0,607 2 0,605 8 0,604 4 0,603 7 0,603 1 0,601 9 0,601 2 0,600 6 0,600 3 0, 600 1

0,42 0,618 7 0,612 2 0,608 3 0,606 7 0,605 2 0,604 4 0,603 8 0,602 5 0,601 7 0,601 0 0,600 7 0,600 5

0,44 0,620 7 0,613 7 0,609 4 0,607 7 0,606 1 0,605 2 0,604 5 0,603 1 0,602 2 0,601 4 0,601 1 0,600 8

0,46 0,622 8 0,615 2 0,610 6 0,608 7 0,607 0 0,606 1 0,605 3 0,603 7 0,602 7 0,601 9 0,601 5 0,601 2

0,48 0,625 1 0,616 9 0,611 8 0,609 8 0,607 9 0,606 9 0,606 1 0,604 3 0,603 3 0,602 3 0,601 9 0,601 5

0,50 0,627 6 0,618 6 0,613 1 0,610 9 0,608 8 0,607 8 0,606 9 0,605 0 0,603 8 0,602 7 0,602 2 0,601 8

0,51 0,628 9 0,619 5 0,613 8 0,611 5 0,609 3 0,608 2 0,607 3 0,605 3 0,604 0 0,602 9 0,602 4 0,601 9

0,52 0,630 2 0,620 4 0,614 4 0,612 1 0,609 8 0,608 7 0,607 7 0,605 6 0,604 3 0,603 0 0,602 5 0,602 0

0,53 0,631 6 0,621 3 0,615 1 0,612 6 0,610 3 0,609 1 0,608 0 0,605 9 0,604 5 0,603 2 0,602 6 0,602 1

0,54 0,633 0 0,622 3 0,615 8 0,613 2 0,610 8 0,609 5 0,608 4 0,606 1 0,604 7 0,603 3 0,602 7 0,602 1

0,55 0,634 4 0,623 2 0,616 5 0,613 8 0,611 2 0,609 9 0,608 8 0,606 4 0,604 9 0,603 4 0,602 8 0,602 2

0,56 — 0,624 2 0,617 2 0,614 3 0,611 7 0,610 3 0,609 1 0,606 6 0,605 0 0,603 5 0,602 8 0,602 2

0,57 — 0,625 2 0,617 9 0,614 9 0,612 1 0,610 7 0,609 5 0,606 9 0,605 2 0,603 6 0,602 8 0,602 2

0,58 — 0,626 2 0,618 5 0,615 5 0,612 6 0,611 1 0,609 8 0,607 0 0,605 3 0,603 6 0,602 8 0,602 1

0,59 — 0,627 2 0,619 2 0,616 0 0,613 0 0,611 4 0,610 1 0,607 2 0,605 4 0,603 6 0,602 8 0,602 0

0,60 — 0,628 2 0,619 8 0,616 5 0,613 4 0,611 7 0,610 3 0,607 3 0,605 4 0,603 5 0,602 7 0,601 9

0,61 — 0,629 2 0,620 5 0,617 0 0,613 7 0,612 0 0,610 6 0,607 4 0,605 4 0,603 4 0,602 5 0,601 7

0,62 — 0,630 2 0,621 1 0,617 5 0,614 0 0,612 3 0,610 8 0,607 5 0,605 4 0,603 3 0,602 3 0,601 4

0,63 — 0,631 2 0,621 7 0,617 9 0,614 3 0,612 5 0,610 9 0,607 5 0,605 2 0,603 0 0,602 1 0,601 1

0,64 — 0,632 1 0,622 2 0,618 3 0,614 5 0,612 6 0,611 0 0,607 4 0,605 1 0,602 8 0,601 7 0,600 7

NOTE	 This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted.
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Diam-
eter 
ratio

Discharge coefficient, C, for ReD equal to

β 5 × 103 1 × 104 2 × 104 3 × 104 5 × 104 7 × 104 1 × 105 3 × 105 1 × 106 1 × 107 1 × 108 ∞

0,65 — 0,633 1 0,622 7 0,618 6 0,614 7 0,612 7 0,611 0 0,607 3 0,604 8 0,602 4 0,601 3 0,600 2

0,66 — 0,634 0 0,623 2 0,618 9 0,614 8 0,612 8 0,611 0 0,607 1 0,604 5 0,602 0 0,600 8 0,599 7

0,67 — 0,634 8 0,623 6 0,619 1 0,614 9 0,612 7 0,610 8 0,606 8 0,604 1 0,601 4 0,600 2 0,599 0

0,68 — 0,635 7 0,623 9 0,619 3 0,614 9 0,612 6 0,610 6 0,606 4 0,603 6 0,600 8 0,599 5 0,598 3

0,69 — 0,636 4 0,624 2 0,619 3 0,614 7 0,612 4 0,610 4 0,605 9 0,603 0 0,600 1 0,598 7 0,597 4

0,70 — 0,637 2 0,624 4 0,619 3 0,614 5 0,612 1 0,610 0 0,605 3 0,602 3 0,599 2 0,597 8 0,596 4

0,71 — 0,637 8 0,624 5 0,619 2 0,614 2 0,611 7 0,609 4 0,604 6 0,601 4 0,598 2 0,596 7 0,595 3

0,72 — 0,638 3 0,624 4 0,618 9 0,613 8 0,611 1 0,608 8 0,603 8 0,600 5 0,597 1 0,595 5 0,594 0

0,73 — 0,638 8 0,624 3 0,618 6 0,613 2 0,610 4 0,608 0 0,602 8 0,599 3 0,595 8 0,594 2 0,592 6

0,74 — 0,639 1 0,624 0 0,618 1 0,612 5 0,609 6 0,607 1 0,601 6 0,598 0 0,594 3 0,592 6 0,591 0

0,75 — 0,639 4 0,623 6 0,617 4 0,611 6 0,608 6 0,606 0 0,600 3 0,596 5 0,592 7 0,590 9 0,589 2
NOTE	 This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted.

Table A.2 — Orifice plate with D and D/2 tappings — Discharge coefficient, C, for D ≥ 71,12 mm

Diam-
eter 
ratio

Discharge coefficient, C, for ReD equal to

β 5 × 103 1 × 104 2 × 104 3 × 104 5 × 104 7 × 104 1 × 105 3 × 105 1 × 106 1 × 107 1 × 108 ∞

0,10 0,600 3 0,598 7 0,597 7 0,597 3 0,596 9 0,596 7 0,596 6 0,596 3 0,596 2 0,596 1 0,596 1 0,596 0

0,12 0,601 0 0,599 1 0,597 9 0,597 5 0,597 1 0,596 9 0,596 7 0,596 4 0,596 2 0,596 1 0,596 1 0,596 1

0,14 0,601 6 0,599 5 0,598 2 0,597 7 0,597 2 0,597 0 0,596 8 0,596 5 0,596 3 0,596 2 0,596 1 0,596 1

0,16 0,602 3 0,600 0 0,598 5 0,598 0 0,597 4 0,597 2 0,597 0 0,596 6 0,596 4 0,596 2 0,596 2 0,596 2

0,18 0,602 9 0,600 4 0,598 9 0,598 2 0,597 7 0,597 4 0,597 1 0,596 7 0,596 5 0,596 3 0,596 3 0,596 3

0,20 0,603 7 0,600 9 0,599 2 0,598 5 0,597 9 0,597 6 0,597 4 0,596 9 0,596 6 0,596 4 0,596 4 0,596 4

0,22 0,604 4 0,601 5 0,599 6 0,598 9 0,598 2 0,597 9 0,597 6 0,597 1 0,596 8 0,596 6 0,596 5 0,596 5

0,24 0,605 3 0,602 1 0,600 1 0,599 3 0,598 5 0,598 2 0,597 9 0,597 3 0,597 0 0,596 7 0,596 7 0,596 6

0,26 0,606 2 0,602 7 0,600 6 0,599 7 0,598 9 0,598 5 0,598 2 0,597 5 0,597 2 0,596 9 0,596 9 0,596 8

0,28 0,607 2 0,603 4 0,601 1 0,600 2 0,599 3 0,598 9 0,598 5 0,597 8 0,597 5 0,597 2 0,597 1 0,597 0

0,30 0,608 2 0,604 2 0,601 7 0,600 7 0,599 8 0,599 3 0,598 9 0,598 2 0,597 8 0,597 4 0,597 3 0,597 3

0,32 0,609 4 0,605 1 0,602 4 0,601 3 0,600 3 0,599 8 0,599 4 0,598 6 0,598 1 0,597 7 0,597 6 0,597 5

0,34 0,610 7 0,606 0 0,603 1 0,602 0 0,600 9 0,600 4 0,599 9 0,599 0 0,598 5 0,598 1 0,597 9 0,597 8

0,36 0,612 1 0,607 1 0,604 0 0,602 7 0,601 6 0,601 0 0,600 5 0,599 5 0,598 9 0,598 4 0,598 3 0,598 1

0,38 0,613 7 0,608 2 0,604 9 0,603 5 0,602 3 0,601 6 0,601 1 0,600 0 0,599 4 0,598 8 0,598 6 0,598 5

0,40 0,615 3 0,609 5 0,605 9 0,604 4 0,603 1 0,602 4 0,601 8 0,600 6 0,599 9 0,599 3 0,599 1 0,598 9

0,42 0,617 2 0,610 9 0,607 0 0,605 4 0,603 9 0,603 2 0,602 5 0,601 2 0,600 5 0,599 8 0,599 5 0,599 3

0,44 0,619 2 0,612 4 0,608 2 0,606 5 0,604 9 0,604 1 0,603 4 0,601 9 0,601 1 0,600 3 0,600 0 0,599 7

0,46 0,621 4 0,614 0 0,609 4 0,607 6 0,605 9 0,605 0 0,604 2 0,602 7 0,601 7 0,600 8 0,600 5 0,600 2

0,48 0,623 8 0,615 7 0,610 8 0,608 8 0,607 0 0,606 0 0,605 2 0,603 5 0,602 4 0,601 4 0,601 0 0,600 6

0,50 0,626 4 0,617 6 0,612 3 0,610 1 0,608 1 0,607 1 0,606 2 0,604 3 0,603 1 0,602 0 0,601 6 0,601 1

0,51 0,627 8 0,618 6 0,613 1 0,610 8 0,608 7 0,607 6 0,606 7 0,604 7 0,603 5 0,602 3 0,601 9 0,601 4

0,52 0,629 2 0,619 7 0,613 9 0,611 5 0,609 3 0,608 2 0,607 2 0,605 2 0,603 9 0,602 7 0,602 1 0,601 6

0,53 0,630 7 0,620 7 0,614 7 0,612 3 0,610 0 0,608 8 0,607 8 0,605 6 0,604 3 0,603 0 0,602 4 0,601 9

0,54 0,632 2 0,621 8 0,615 5 0,613 0 0,610 6 0,609 4 0,608 3 0,606 1 0,604 7 0,603 3 0,602 7 0,602 1

0,55 0,633 7 0,622 9 0,616 4 0,613 8 0,611 3 0,610 0 0,608 9 0,606 5 0,605 0 0,603 6 0,603 0 0,602 4

0,56 — 0,624 1 0,617 3 0,614 5 0,611 9 0,610 6 0,609 5 0,607 0 0,605 4 0,603 9 0,603 2 0,602 6

NOTE	 This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted.

Table A.1 (continued)
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Diam-
eter 
ratio

Discharge coefficient, C, for ReD equal to

β 5 × 103 1 × 104 2 × 104 3 × 104 5 × 104 7 × 104 1 × 105 3 × 105 1 × 106 1 × 107 1 × 108 ∞

0,57 — 0,625 3 0,618 2 0,615 3 0,612 6 0,611 2 0,610 0 0,607 5 0,605 8 0,604 2 0,603 5 0,602 8

0,58 — 0,626 5 0,619 1 0,616 1 0,613 3 0,611 9 0,610 6 0,607 9 0,606 2 0,604 5 0,603 8 0,603 0

0,59 — 0,627 7 0,620 0 0,616 9 0,614 0 0,612 5 0,611 2 0,608 4 0,606 6 0,604 8 0,604 0 0,603 2

0,60 — 0,629 0 0,621 0 0,617 7 0,614 7 0,613 1 0,611 8 0,608 8 0,607 0 0,605 1 0,604 2 0,603 4

0,61 — 0,630 3 0,621 9 0,618 6 0,615 4 0,613 8 0,612 4 0,609 3 0,607 3 0,605 3 0,604 4 0,603 6

0,62 — 0,631 6 0,622 9 0,619 4 0,616 1 0,614 4 0,612 9 0,609 7 0,607 7 0,605 6 0,604 6 0,603 7

0,63 — 0,632 9 0,623 8 0,620 2 0,616 8 0,615 0 0,613 5 0,610 2 0,608 0 0,605 8 0,604 8 0,603 9

0,64 — 0,634 3 0,624 8 0,621 0 0,617 5 0,615 6 0,614 0 0,610 6 0,608 3 0,606 0 0,605 0 0,603 9

0,65 — 0,635 6 0,625 8 0,621 9 0,618 2 0,616 2 0,614 6 0,610 9 0,608 6 0,606 2 0,605 1 0,604 0

0,66 — 0,637 0 0,626 8 0,622 7 0,618 8 0,616 8 0,615 1 0,611 3 0,608 8 0,606 3 0,605 1 0,604 0

0,67 — 0,638 4 0,627 7 0,623 5 0,619 5 0,617 4 0,615 6 0,611 6 0,609 0 0,606 4 0,605 2 0,604 0

0,68 — 0,639 8 0,628 7 0,624 3 0,620 1 0,617 9 0,616 1 0,612 0 0,609 2 0,606 5 0,605 2 0,603 9

0,69 — 0,641 1 0,629 6 0,625 0 0,620 7 0,618 5 0,616 5 0,612 2 0,609 4 0,606 5 0,605 1 0,603 8

0,70 — 0,642 5 0,630 5 0,625 8 0,621 3 0,618 9 0,616 9 0,612 5 0,609 5 0,606 5 0,605 1 0,603 7

0,71 — 0,643 9 0,631 5 0,626 5 0,621 8 0,619 4 0,617 3 0,612 7 0,609 6 0,606 4 0,604 9 0,603 5

0,72 — 0,645 3 0,632 3 0,627 2 0,622 3 0,619 8 0,617 6 0,612 8 0,609 6 0,606 3 0,604 7 0,603 2

0,73 — 0,646 7 0,633 2 0,627 9 0,622 8 0,620 2 0,617 9 0,612 9 0,609 6 0,606 1 0,604 5 0,602 9

0,74 — 0,648 0 0,634 0 0,628 5 0,623 3 0,620 6 0,618 2 0,613 0 0,609 5 0,605 9 0,604 2 0,602 5

0,75 — 0,649 4 0,634 9 0,629 1 0,623 7 0,620 9 0,618 4 0,613 0 0,609 4 0,605 6 0,603 8 0,602 1
NOTE	 This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted.

Table A.3 — Orifice plate with flange tappings — Discharge coefficient, C, for D = 50 mm

Diam-
eter 
ratio

Discharge coefficient, C, for ReD equal to

β 5 × 103 1 × 104 2 × 104 3 × 104 5 × 104 7 × 104 1 × 105 3 × 105 1 × 106 1 × 107 1 × 108 ∞

0,25 0,610 2 0,606 9 0,604 8 0,604 0 0,603 2 0,602 9 0,602 5 0,601 9 0,601 6 0,601 4 0,601 3 0,601 2

0,26 0,610 6 0,607 1 0,605 0 0,604 1 0,603 3 0,602 9 0,602 6 0,602 0 0,601 6 0,601 4 0,601 3 0,601 2

0,28 0,611 4 0,607 6 0,605 3 0,604 4 0,603 5 0,603 1 0,602 8 0,602 1 0,601 7 0,601 4 0,601 3 0,601 2

0,30 0,612 3 0,608 2 0,605 7 0,604 7 0,603 8 0,603 4 0,603 0 0,602 2 0,601 8 0,601 5 0,601 4 0,601 3

0,32 0,613 2 0,608 9 0,606 2 0,605 2 0,604 2 0,603 7 0,603 2 0,602 4 0,601 9 0,601 6 0,601 4 0,601 3

0,34 0,614 3 0,609 7 0,606 8 0,605 6 0,604 5 0,604 0 0,603 5 0,602 6 0,602 1 0,601 7 0,601 6 0,601 4

0,36 0,615 5 0,610 5 0,607 4 0,606 2 0,605 0 0,604 4 0,603 9 0,602 9 0,602 3 0,601 9 0,601 7 0,601 6

0,38 0,616 9 0,611 5 0,608 1 0,606 8 0,605 5 0,604 9 0,604 3 0,603 2 0,602 6 0,602 1 0,601 9 0,601 7

0,40 0,618 4 0,612 5 0,608 9 0,607 5 0,606 1 0,605 4 0,604 8 0,603 6 0,602 9 0,602 3 0,602 1 0,601 9

0,42 0,620 0 0,613 7 0,609 8 0,608 2 0,606 8 0,606 0 0,605 4 0,604 1 0,603 3 0,602 6 0,602 3 0,602 1

0,44 0,621 9 0,615 0 0,610 8 0,609 1 0,607 5 0,606 7 0,606 0 0,604 5 0,603 7 0,602 9 0,602 6 0,602 3

0,46 0,623 9 0,616 4 0,611 9 0,610 0 0,608 3 0,607 4 0,606 7 0,605 1 0,604 1 0,603 3 0,602 9 0,602 6

0,48 0,626 0 0,618 0 0,613 0 0,611 0 0,609 2 0,608 2 0,607 4 0,605 7 0,604 6 0,603 6 0,603 2 0,602 8

0,50 0,628 4 0,619 6 0,614 3 0,612 1 0,610 1 0,609 1 0,608 2 0,606 3 0,605 1 0,604 0 0,603 6 0,603 1

0,51 0,629 7 0,620 5 0,614 9 0,612 7 0,610 6 0,609 5 0,608 6 0,606 6 0,605 4 0,604 2 0,603 7 0,603 3

0,52 0,631 0 0,621 4 0,615 6 0,613 3 0,611 1 0,610 0 0,609 0 0,606 9 0,605 6 0,604 4 0,603 9 0,603 4

0,53 0,632 4 0,622 4 0,616 3 0,613 9 0,611 6 0,610 5 0,609 4 0,607 3 0,605 9 0,604 6 0,604 1 0,603 5

0,54 0,633 8 0,623 4 0,617 1 0,614 5 0,612 2 0,610 9 0,609 9 0,607 6 0,606 2 0,604 8 0,604 2 0,603 7

0,55 0,635 2 0,624 4 0,617 8 0,615 2 0,612 7 0,611 4 0,610 3 0,608 0 0,606 5 0,605 0 0,604 4 0,603 8

NOTE	 This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted.

Table A.2 (continued)
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Diam-
eter 
ratio

Discharge coefficient, C, for ReD equal to

β 5 × 103 1 × 104 2 × 104 3 × 104 5 × 104 7 × 104 1 × 105 3 × 105 1 × 106 1 × 107 1 × 108 ∞

0,56 0,636 7 0,625 4 0,618 6 0,615 9 0,613 3 0,611 9 0,610 8 0,608 3 0,606 7 0,605 2 0,604 5 0,603 9

0,57 0,638 3 0,626 5 0,619 4 0,616 5 0,613 8 0,612 4 0,611 2 0,608 7 0,607 0 0,605 4 0,604 7 0,604 0

0,58 0,639 9 0,627 6 0,620 2 0,617 2 0,614 4 0,613 0 0,611 7 0,609 0 0,607 3 0,605 6 0,604 8 0,604 1

0,59 0,641 6 0,628 7 0,621 0 0,617 9 0,615 0 0,613 5 0,612 2 0,609 3 0,607 5 0,605 8 0,605 0 0,604 2

0,60 0,643 3 0,629 9 0,621 8 0,618 6 0,615 5 0,614 0 0,612 6 0,609 7 0,607 8 0,605 9 0,605 1 0,604 3

0,61 0,645 0 0,631 0 0,622 7 0,619 3 0,616 1 0,614 5 0,613 1 0,610 0 0,608 0 0,606 0 0,605 1 0,604 3

0,62 0,646 8 0,632 2 0,623 5 0,620 0 0,616 7 0,615 0 0,613 5 0,610 3 0,608 2 0,606 2 0,605 2 0,604 3

0,63 0,648 6 0,633 4 0,624 3 0,620 7 0,617 3 0,615 5 0,613 9 0,610 6 0,608 4 0,606 2 0,605 3 0,604 3

0,64 0,650 5 0,634 7 0,625 2 0,621 4 0,617 8 0,616 0 0,614 4 0,610 9 0,608 6 0,606 3 0,605 3 0,604 3

0,65 0,652 4 0,635 9 0,626 0 0,622 1 0,618 4 0,616 4 0,614 8 0,611 1 0,608 8 0,606 4 0,605 3 0,604 2

0,66 0,654 4 0,637 1 0,626 9 0,622 8 0,618 9 0,616 9 0,615 2 0,611 4 0,608 9 0,606 4 0,605 2 0,604 1

0,67 0,656 4 0,638 4 0,627 7 0,623 4 0,619 4 0,617 3 0,615 5 0,611 6 0,609 0 0,606 3 0,605 1 0,603 9

0,68 0,658 4 0,639 6 0,628 5 0,624 1 0,619 9 0,617 7 0,615 8 0,611 7 0,609 0 0,606 2 0,605 0 0,603 7

0,69 0,660 4 0,640 9 0,629 3 0,624 7 0,620 4 0,618 1 0,616 1 0,611 9 0,609 0 0,606 1 0,604 8 0,603 5

0,70 0,662 5 0,642 1 0,630 1 0,625 3 0,620 8 0,618 5 0,616 4 0,612 0 0,609 0 0,606 0 0,604 5 0,603 2

0,71 0,664 6 0,643 4 0,630 9 0,625 9 0,621 2 0,618 8 0,616 6 0,612 0 0,608 9 0,605 7 0,604 3 0,602 8

0,72 0,666 7 0,644 6 0,631 6 0,626 5 0,621 6 0,619 0 0,616 8 0,612 0 0,608 8 0,605 5 0,603 9 0,602 4

0,73 0,668 9 0,645 9 0,632 3 0,627 0 0,621 9 0,619 3 0,617 0 0,612 0 0,608 6 0,605 1 0,603 5 0,601 9

0,74 0,671 0 0,647 1 0,633 0 0,627 5 0,622 2 0,619 5 0,617 1 0,611 9 0,608 4 0,604 7 0,603 0 0,601 4

0,75 0,673 2 0,648 3 0,633 7 0,627 9 0,622 4 0,619 6 0,617 1 0,611 7 0,608 1 0,604 3 0,602 5 0,600 8
NOTE	 This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted.

Table A.4 — Orifice plate with flange tappings — Discharge coefficient, C, for D = 75 mm

Diam-
eter 
ratio

Discharge coefficient, C, for ReD equal to

β 5 × 103 1 × 104 2 × 104 3 × 104 5 × 104 7 × 104 1 × 105 3 × 105 1 × 106 1 × 107 1 × 108 ∞

0,17 0,602 7 0,600 3 0,598 8 0,598 2 0,597 7 0,597 4 0,597 2 0,596 7 0,596 5 0,596 4 0,596 4 0,596 3

0,18 0,603 1 0,600 5 0,599 0 0,598 4 0,597 8 0,597 5 0,597 3 0,596 8 0,596 6 0,596 4 0,596 4 0,596 4

0,20 0,603 8 0,601 1 0,599 4 0,598 7 0,598 1 0,597 7 0,597 5 0,597 0 0,596 7 0,596 6 0,596 5 0,596 5

0,22 0,604 6 0,601 6 0,599 8 0,599 0 0,598 4 0,598 0 0,597 7 0,597 2 0,596 9 0,596 7 0,596 7 0,596 6

0,24 0,605 4 0,602 2 0,600 2 0,599 4 0,598 7 0,598 3 0,598 0 0,597 4 0,597 1 0,596 9 0,596 9 0,596 8

0,26 0,606 4 0,602 9 0,600 7 0,599 9 0,599 1 0,598 7 0,598 4 0,597 7 0,597 4 0,597 1 0,597 0 0,597 0

0,28 0,607 4 0,603 6 0,601 3 0,600 4 0,599 5 0,599 1 0,598 7 0,598 0 0,597 6 0,597 4 0,597 3 0,597 2

0,30 0,608 4 0,604 4 0,601 9 0,600 9 0,600 0 0,599 5 0,599 1 0,598 4 0,597 9 0,597 6 0,597 5 0,597 4

0,32 0,609 6 0,605 3 0,602 6 0,601 5 0,600 5 0,600 0 0,599 6 0,598 8 0,598 3 0,597 9 0,597 8 0,597 7

0,34 0,610 9 0,606 2 0,603 3 0,602 2 0,601 1 0,600 6 0,600 1 0,599 2 0,598 7 0,598 3 0,598 1 0,598 0

0,36 0,612 3 0,607 3 0,604 2 0,602 9 0,601 7 0,601 2 0,600 7 0,599 7 0,599 1 0,598 6 0,598 4 0,598 3

0,38 0,613 9 0,608 4 0,605 1 0,603 7 0,602 5 0,601 8 0,601 3 0,600 2 0,599 5 0,599 0 0,598 8 0,598 6

0,40 0,615 5 0,609 7 0,606 0 0,604 6 0,603 2 0,602 5 0,602 0 0,600 8 0,600 0 0,599 4 0,599 2 0,599 0

0,42 0,617 4 0,611 0 0,607 1 0,605 5 0,604 1 0,603 3 0,602 7 0,601 4 0,600 6 0,599 9 0,599 6 0,599 4

0,44 0,619 4 0,612 5 0,608 3 0,606 6 0,605 0 0,604 2 0,603 5 0,602 0 0,601 2 0,600 4 0,600 1 0,599 8

0,46 0,621 6 0,614 1 0,609 5 0,607 7 0,605 9 0,605 1 0,604 3 0,602 7 0,601 8 0,600 9 0,600 5 0,600 2

0,48 0,623 9 0,615 8 0,610 8 0,608 9 0,607 0 0,606 0 0,605 2 0,603 5 0,602 4 0,601 4 0,601 0 0,600 6

0,50 0,626 4 0,617 6 0,612 3 0,610 1 0,608 1 0,607 0 0,606 1 0,604 2 0,603 1 0,602 0 0,601 5 0,601 1

NOTE	 This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted.

Table A.3 (continued)
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Diam-
eter 
ratio

Discharge coefficient, C, for ReD equal to

β 5 × 103 1 × 104 2 × 104 3 × 104 5 × 104 7 × 104 1 × 105 3 × 105 1 × 106 1 × 107 1 × 108 ∞

0,51 0,627 8 0,618 6 0,613 0 0,610 7 0,608 6 0,607 5 0,606 6 0,604 6 0,603 4 0,602 2 0,601 7 0,601 3

0,52 0,629 2 0,619 6 0,613 8 0,611 4 0,609 2 0,608 1 0,607 1 0,605 0 0,603 7 0,602 5 0,602 0 0,601 5

0,53 0,630 6 0,620 6 0,614 5 0,612 1 0,609 8 0,608 6 0,607 6 0,605 4 0,604 1 0,602 8 0,602 2 0,601 7

0,54 0,632 1 0,621 6 0,615 3 0,612 8 0,610 4 0,609 2 0,608 1 0,605 8 0,604 4 0,603 0 0,602 4 0,601 9

0,55 0,633 6 0,622 7 0,616 1 0,613 5 0,611 0 0,609 7 0,608 6 0,606 2 0,604 7 0,603 3 0,602 7 0,602 1

0,56 0,635 2 0,623 8 0,617 0 0,614 2 0,611 6 0,610 3 0,609 1 0,606 6 0,605 1 0,603 5 0,602 9 0,602 2

0,57 0,636 8 0,624 9 0,617 8 0,614 9 0,612 2 0,610 8 0,609 6 0,607 0 0,605 4 0,603 8 0,603 1 0,602 4

0,58 0,638 5 0,626 1 0,618 6 0,615 6 0,612 8 0,611 4 0,610 1 0,607 4 0,605 7 0,604 0 0,603 2 0,602 5

0,59 0,640 2 0,627 3 0,619 5 0,616 4 0,613 4 0,611 9 0,610 6 0,607 8 0,606 0 0,604 2 0,603 4 0,602 6

0,60 0,641 9 0,628 4 0,620 3 0,617 1 0,614 0 0,612 5 0,611 1 0,608 2 0,606 3 0,604 4 0,603 5 0,602 7

0,61 0,643 7 0,629 6 0,621 2 0,617 8 0,614 6 0,613 0 0,611 6 0,608 5 0,606 5 0,604 5 0,603 6 0,602 8

0,62 0,645 5 0,630 9 0,622 1 0,618 6 0,615 2 0,613 5 0,612 0 0,608 8 0,606 7 0,604 7 0,603 7 0,602 8

0,63 — 0,632 1 0,622 9 0,619 3 0,615 8 0,614 0 0,612 5 0,609 1 0,606 9 0,604 8 0,603 8 0,602 8

0,64 — 0,633 3 0,623 8 0,620 0 0,616 4 0,614 5 0,612 9 0,609 4 0,607 1 0,604 8 0,603 8 0,602 8

0,65 — 0,634 6 0,624 6 0,620 7 0,616 9 0,615 0 0,613 3 0,609 7 0,607 3 0,604 9 0,603 8 0,602 7

0,66 — 0,635 8 0,625 5 0,621 3 0,617 4 0,615 4 0,613 7 0,609 9 0,607 4 0,604 8 0,603 7 0,602 6

0,67 — 0,637 0 0,626 3 0,622 0 0,617 9 0,615 8 0,614 0 0,610 0 0,607 4 0,604 8 0,603 6 0,602 4

0,68 — 0,638 2 0,627 0 0,622 6 0,618 4 0,616 2 0,614 3 0,610 2 0,607 4 0,604 6 0,603 4 0,602 1

0,69 — 0,639 5 0,627 8 0,623 2 0,618 8 0,616 5 0,614 5 0,610 2 0,607 4 0,604 5 0,603 1 0,601 8

0,70 — 0,640 7 0,628 5 0,623 7 0,619 1 0,616 8 0,614 7 0,610 2 0,607 3 0,604 2 0, 602 8 0,601 4

0,71 — 0,641 8 0,629 2 0,624 2 0,619 4 0,617 0 0,614 8 0,610 2 0,607 1 0,603 9 0,602 4 0,601 0

0,72 — 0,643 0 0,629 8 0,624 6 0,619 7 0,617 1 0,614 9 0,610 1 0,606 8 0,603 5 0,601 9 0,600 4

0,73 — 0,644 1 0,630 4 0,625 0 0,619 9 0,617 2 0,614 9 0,609 9 0,606 5 0,603 0 0,601 4 0,599 8

0,74 — 0,645 1 0,631 0 0,625 3 0,620 0 0,617 3 0,614 9 0,609 6 0,606 1 0,602 5 0,600 8 0,599 1

0,75 — 0,646 2 0,631 4 0,625 6 0,620 1 0,617 2 0,614 7 0,609 3 0,605 6 0,601 8 0,600 0 0,598 3
NOTE	 This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted.

Table A.5 — Orifice plate with flange tappings — Discharge coefficient, C, for D = 100 mm

Diam-
eter 
ratio

Discharge coefficient, C, for ReD equal to

β 5 × 103 1 × 104 2 × 104 3 × 104 5 × 104 7 × 104 1 × 105 3 × 105 1 × 106 1 × 107 1 × 108 ∞

0,13 0,601 4 0,599 4 0,598 2 0,597 7 0,597 3 0,597 1 0,596 9 0,596 6 0,596 4 0,596 3 0,596 2 0,596 2

0,14 0,601 8 0,599 7 0,598 4 0,597 9 0,597 4 0,597 2 0,597 0 0,596 6 0,596 4 0,596 3 0,596 3 0,596 3

0,16 0,602 5 0,600 1 0,598 7 0,598 1 0,597 6 0,597 4 0,597 2 0,596 8 0,596 5 0,596 4 0,596 4 0,596 4

0,18 0,603 2 0,600 6 0,599 1 0,598 5 0,597 9 0,597 6 0,597 4 0,596 9 0,596 7 0,596 5 0,596 5 0,596 5

0,20 0,603 9 0,601 2 0,599 5 0,598 8 0,598 2 0,597 9 0,597 6 0,597 1 0,596 9 0,596 7 0,596 6 0,596 6

0,22 0,604 7 0,601 7 0,599 9 0,599 2 0,598 5 0,598 1 0,597 9 0,597 3 0,597 0 0,596 9 0,596 8 0,596 8

0,24 0,605 6 0,602 4 0,600 4 0,599 6 0,598 8 0,598 5 0,598 2 0,597 6 0,597 3 0,597 0 0,597 0 0,596 9

0,26 0,606 5 0,603 0 0,600 9 0,600 0 0,599 2 0,598 8 0,598 5 0,597 9 0,597 5 0,597 3 0,597 2 0,597 1

0,28 0,607 5 0,603 8 0,601 4 0,600 5 0,599 7 0,599 2 0,598 9 0,598 2 0,597 8 0,597 5 0,597 4 0,597 4

0,30 0,608 6 0,604 6 0,602 1 0,601 1 0,600 2 0,599 7 0,599 3 0,598 5 0,598 1 0,597 8 0,597 7 0,597 6

0,32 0,609 8 0,605 4 0,602 8 0,601 7 0,600 7 0,600 2 0,599 8 0,598 9 0,598 5 0,598 1 0,598 0 0,597 9

0,34 0,611 1 0,606 4 0,603 5 0,602 4 0,601 3 0,600 7 0,600 3 0,599 4 0,598 8 0,598 4 0,598 3 0,598 2

0,36 0,612 5 0,607 5 0,604 3 0,603 1 0,601 9 0,601 3 0,600 8 0,599 8 0,599 3 0,598 8 0,598 6 0,598 5

NOTE	 This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted.

Table A.4 (continued)
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Diam-
eter 
ratio

Discharge coefficient, C, for ReD equal to

β 5 × 103 1 × 104 2 × 104 3 × 104 5 × 104 7 × 104 1 × 105 3 × 105 1 × 106 1 × 107 1 × 108 ∞

0,38 0,614 1 0,608 6 0,605 2 0,603 9 0,602 6 0,602 0 0,601 5 0,600 4 0,599 7 0,599 2 0,599 0 0,598 8

0,40 0,615 7 0,609 9 0,606 2 0,604 8 0,603 4 0,602 7 0,602 1 0,600 9 0,600 2 0,599 6 0,599 4 0,599 2

0,42 0,617 6 0,611 2 0,607 3 0,605 7 0,604 2 0,603 5 0,602 9 0,601 5 0,600 8 0,600 1 0,599 8 0,599 6

0,44 0,619 6 0,612 7 0,608 4 0,606 7 0,605 1 0,604 3 0,603 6 0,602 2 0,601 3 0,600 5 0,600 2 0,600 0

0,46 0,621 7 0,614 2 0,609 7 0,607 8 0,606 1 0,605 2 0,604 4 0,602 9 0,601 9 0,601 0 0,600 7 0,600 3

0,48 0,624 1 0,615 9 0,611 0 0,609 0 0,607 1 0,606 1 0,605 3 0,603 6 0,602 5 0,601 5 0,601 1 0,600 7

0,50 0,626 6 0,617 7 0,612 4 0,610 2 0,608 1 0,607 1 0,606 2 0,604 3 0,603 1 0,602 0 0,601 6 0,601 1

0,51 0,627 9 0,618 7 0,613 1 0,610 8 0,608 7 0,607 6 0,606 7 0,604 7 0,603 4 0,602 3 0,601 8 0,601 3

0,52 0,629 3 0,619 7 0,613 8 0,611 5 0,609 2 0,608 1 0,607 1 0,605 1 0,603 8 0,602 5 0,602 0 0,601 5

0,53 0,630 7 0,620 7 0,614 6 0,612 1 0,609 8 0,608 6 0,607 6 0,605 4 0,604 1 0,602 8 0,602 2 0,601 7

0,54 0,632 2 0,621 7 0,615 3 0,612 8 0,610 4 0,609 1 0,608 1 0,605 8 0,604 4 0,603 0 0,602 4 0,601 8

0,55 — 0,622 7 0,616 1 0,613 5 0,610 9 0,609 7 0,608 5 0,606 2 0,604 7 0,603 2 0,602 6 0,602 0

0,56 — 0,623 8 0,616 9 0,614 1 0,611 5 0,610 2 0,609 0 0,606 5 0,605 0 0,603 4 0,602 8 0,602 1

0,57 — 0,624 9 0,617 7 0,614 8 0,612 1 0,610 7 0,609 5 0,606 9 0,605 2 0,603 6 0,602 9 0,602 2

0,58 — 0,626 0 0,618 5 0,615 5 0,612 7 0,611 2 0,610 0 0,607 2 0,605 5 0,603 8 0,603 1 0,602 3

0,59 — 0,627 1 0,619 3 0,616 2 0,613 2 0,611 7 0,610 4 0,607 6 0,605 8 0,604 0 0,603 2 0,602 4

0,60 — 0,628 3 0,620 1 0,616 9 0,613 8 0,612 2 0,610 8 0,607 9 0,606 0 0,604 1 0,603 3 0,602 5

0,61 — 0,629 4 0,620 9 0,617 6 0,614 3 0,612 7 0,611 3 0,608 2 0,606 2 0,604 2 0,603 3 0,602 5

0,62 — 0,630 6 0,621 8 0,618 2 0,614 9 0,613 2 0,611 7 0,608 5 0,606 4 0,604 3 0,603 3 0,602 4

0,63 — 0,631 8 0,622 6 0,618 9 0,615 4 0,613 6 0,612 0 0,608 7 0,606 5 0,604 3 0,603 3 0,602 4

0,64 — 0,632 9 0,623 3 0,619 5 0,615 9 0,614 0 0,612 4 0,608 9 0,606 6 0,604 3 0,603 3 0,602 2

0,65 — 0,634 1 0,624 1 0,620 1 0,616 3 0,614 4 0,612 7 0,609 1 0,606 7 0,604 2 0,603 1 0,602 1

0,66 — 0,635 3 0,624 9 0,620 7 0,616 8 0,614 8 0,613 0 0,609 2 0,606 7 0,604 1 0,603 0 0,601 9

0,67 — 0,636 4 0,625 6 0,621 2 0,617 2 0,615 1 0,613 2 0,609 2 0,606 6 0,604 0 0,602 8 0,601 6

0,68 — 0,637 5 0,626 3 0,621 8 0,617 5 0,615 3 0,613 4 0,609 3 0,606 5 0,603 7 0,602 5 0,601 2

0,69 — 0,638 7 0,626 9 0,622 2 0,617 8 0,615 5 0,613 5 0,609 2 0,606 3 0,603 4 0,602 1 0,600 8

0,70 — 0,639 7 0,627 5 0,622 6 0,618 0 0,615 7 0,613 6 0,609 1 0,606 1 0,603 1 0,601 6 0,600 3

0,71 — 0,640 8 0,628 0 0,623 0 0,618 2 0,615 7 0,613 6 0,608 9 0,605 8 0,602 6 0,601 1 0,599 7

0,72 — 0,641 8 0,628 5 0,623 3 0,618 3 0,615 7 0,613 5 0,608 6 0,605 4 0,602 0 0,600 5 0,599 0

0,73 — 0,642 8 0,629 0 0,623 5 0,618 3 0,615 7 0,613 3 0,608 3 0,604 9 0,601 4 0,599 8 0,598 2

0,74 — 0,643 7 0,629 3 0,623 6 0,618 3 0,615 5 0,613 1 0,607 8 0,604 3 0,600 6 0,598 9 0,597 3

0,75 — 0,644 5 0,629 6 0,623 7 0,618 1 0,615 3 0,612 7 0,607 2 0,603 6 0,599 8 0,598 0 0,596 2
NOTE	 This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted.

Table A.6 — Orifice plate with flange tappings — Discharge coefficient, C, for D = 150 mm

Diam-
eter 
ratio

Discharge coefficient, C, for ReD equal to

β 5 × 103 1 × 104 2 × 104 3 × 104 5 × 104 7 × 104 1 × 105 3 × 105 1 × 106 1 × 107 1 × 108 ∞

0,10 0,600 5 0,598 8 0,597 8 0,597 4 0,597 1 0,596 9 0,596 7 0,596 5 0,596 3 0,596 2 0,596 2 0,596 2

0,12 0,601 2 0,599 3 0,598 1 0,597 7 0,597 3 0,597 1 0,596 9 0,596 6 0,596 4 0,596 3 0,596 3 0,596 3

0,14 0,601 8 0,599 8 0,598 5 0,598 0 0,597 5 0,597 3 0,597 1 0,596 7 0,596 5 0,596 4 0,596 4 0,596 4

0,16 0,602 5 0,600 2 0,598 8 0,598 2 0,597 7 0,597 5 0,597 3 0,596 9 0,596 6 0,596 5 0,596 5 0,596 5

0,18 0,603 3 0,600 7 0,599 2 0,598 6 0,598 0 0,597 7 0,597 5 0,597 0 0,596 8 0,596 7 0,596 6 0,596 6

0,20 0,604 1 0,601 3 0,599 6 0,598 9 0,598 3 0,598 0 0,597 7 0,597 2 0,597 0 0,596 8 0,596 8 0,596 7

NOTE	 This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted.

Table A.5 (continued)
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Diam-
eter 
ratio

Discharge coefficient, C, for ReD equal to

β 5 × 103 1 × 104 2 × 104 3 × 104 5 × 104 7 × 104 1 × 105 3 × 105 1 × 106 1 × 107 1 × 108 ∞

0,22 0,604 9 0,601 9 0,600 0 0,599 3 0,598 6 0,598 3 0,598 0 0,597 5 0,597 2 0,597 0 0,596 9 0,596 9

0,24 0,605 7 0,602 5 0,600 5 0,599 7 0,599 0 0,598 6 0,598 3 0,597 7 0,597 4 0,597 2 0,597 1 0,597 1

0,26 0,606 7 0,603 2 0,601 1 0,600 2 0,599 4 0,599 0 0,598 7 0,598 0 0,597 7 0,597 4 0,597 4 0,597 3

0,28 0,607 7 0,603 9 0,601 6 0,600 7 0,599 8 0,599 4 0,599 1 0,598 4 0,598 0 0,597 7 0,597 6 0,597 5

0,30 0,608 8 0,604 8 0,602 3 0,601 3 0,600 3 0,599 9 0,599 5 0,598 7 0,598 3 0,598 0 0,597 9 0,597 8

0,32 0,610 0 0,605 6 0,603 0 0,601 9 0,600 9 0,600 4 0,600 0 0,599 1 0,598 7 0,598 3 0,598 2 0,598 1

0,34 0,611 3 0,606 6 0,603 7 0,602 6 0,601 5 0,600 9 0,600 5 0,599 6 0,599 0 0,598 6 0,598 5 0,598 4

0,36 0,612 7 0,607 7 0,604 5 0,603 3 0,602 1 0,601 5 0,601 0 0,600 0 0,599 5 0,599 0 0,598 8 0,598 7

0,38 0,614 3 0,608 8 0,605 4 0,604 1 0,602 8 0,602 2 0,601 7 0,600 6 0,599 9 0,599 4 0,599 2 0,599 0

0,40 0,616 0 0,610 1 0,606 4 0,605 0 0,603 6 0,602 9 0,602 3 0,601 1 0,600 4 0,599 8 0,599 6 0,599 4

0,42 0,617 8 0,611 4 0,607 5 0,605 9 0,604 4 0,603 7 0,603 0 0,601 7 0,600 9 0,600 2 0,600 0 0,599 7

0,44 0,619 8 0,612 8 0,608 6 0,606 9 0,605 3 0,604 5 0,603 8 0,602 3 0,601 5 0,600 7 0,600 4 0,600 1

0,46 — 0,614 4 0,609 8 0,607 9 0,606 2 0,605 3 0,604 6 0,603 0 0,602 0 0,601 1 0,600 8 0,600 5

0,48 — 0,616 0 0,611 1 0,609 1 0,607 2 0,606 2 0,605 4 0,603 6 0,602 6 0,601 6 0,601 2 0,600 8

0,50 — 0,617 8 0,612 4 0,610 2 0,608 2 0,607 1 0,606 2 0,604 3 0,603 1 0,602 1 0,601 6 0,601 2

0,51 — 0,618 7 0,613 1 0,610 8 0,608 7 0,607 6 0,606 7 0,604 7 0,603 4 0,602 3 0,601 8 0,601 3

0,52 — 0,619 7 0,613 8 0,611 4 0,609 2 0,608 1 0,607 1 0,605 0 0,603 7 0,602 5 0,602 0 0,601 5

0,53 — 0,620 6 0,614 5 0,612 1 0,609 7 0,608 6 0,607 5 0,605 4 0,604 0 0,602 7 0,602 1 0,601 6

0,54 — 0,621 6 0,615 3 0,612 7 0,610 3 0,609 0 0,608 0 0,605 7 0,604 2 0,602 9 0,602 3 0,601 7

0,55 — 0,622 6 0,616 0 0,613 3 0,610 8 0,609 5 0,608 4 0,606 0 0,604 5 0,603 1 0,602 4 0,601 8

0,56 — 0,623 7 0,616 7 0,614 0 0,611 3 0,610 0 0,608 8 0,606 3 0,604 7 0,603 2 0,602 5 0,601 9

0,57 — 0,624 7 0,617 5 0,614 6 0,611 9 0,610 5 0,609 2 0,606 6 0,605 0 0,603 4 0,602 6 0,602 0

0,58 — 0,625 8 0,618 2 0,615 2 0,612 4 0,610 9 0,609 6 0,606 9 0,605 2 0,603 5 0,602 7 0,602 0

0,59 — 0,626 9 0,619 0 0,615 9 0,612 9 0,611 4 0,610 0 0,607 2 0,605 4 0,603 6 0,602 8 0,602 0

0,60 — 0,628 0 0,619 8 0,616 5 0,613 4 0,611 8 0,610 4 0,607 4 0,605 5 0,603 6 0,602 8 0,602 0

0,61 — 0,629 0 0,620 5 0,617 1 0,613 8 0,612 2 0,610 7 0,607 6 0,605 6 0,603 7 0,602 8 0,601 9

0,62 — 0,630 1 0,621 2 0,617 7 0,614 3 0,612 6 0,611 1 0,607 8 0,605 7 0,603 6 0,602 7 0,601 8

0,63 — — 0,621 9 0,618 2 0,614 7 0,612 9 0,611 4 0,608 0 0,605 8 0,603 6 0,602 6 0,601 6

0,64 — — 0,622 6 0,618 8 0,615 1 0,613 2 0,611 6 0,608 1 0,605 8 0,603 5 0,602 4 0,601 4

0,65 — — 0,623 3 0,619 3 0,615 5 0,613 5 0,611 8 0,608 1 0,605 7 0,603 3 0,602 2 0,601 1

0,66 — — 0,623 9 0,619 7 0,615 8 0,613 8 0,612 0 0,608 1 0,605 6 0,603 1 0,601 9 0,600 8

0,67 — — 0,624 5 0,620 2 0,616 0 0,613 9 0,612 1 0,608 1 0,605 4 0,602 8 0,601 6 0,600 4

0,68 — — 0,625 1 0,620 5 0,616 2 0,614 0 0,612 1 0,607 9 0,605 2 0,602 4 0,601 1 0,599 9

0,69 — — 0,625 6 0,620 9 0,616 4 0,614 1 0,612 1 0,607 7 0,604 9 0,601 9 0,600 6 0,599 3

0,70 — — 0,626 0 0,621 1 0,616 5 0,614 1 0,612 0 0,607 4 0,604 4 0,601 4 0,600 0 0,598 6

0,71 — — 0,626 4 0,621 3 0,616 5 0,614 0 0,611 8 0,607 1 0,603 9 0,600 7 0,599 3 0,597 8

0,72 — — 0,626 7 0,621 4 0,616 4 0,613 8 0,611 5 0,606 6 0,603 3 0,600 0 0,598 4 0,596 9

0,73 — — 0,626 9 0,621 4 0,616 2 0,613 5 0,611 1 0,606 0 0,602 6 0,599 1 0,597 5 0,595 9

0,74 — — 0,627 1 0,621 3 0,615 9 0,613 1 0,610 6 0,605 3 0,601 7 0,598 1 0,596 4 0,594 7

0,75 — — 0,627 1 0,621 1 0,615 4 0,612 5 0,610 0 0,604 4 0,600 7 0,596 9 0,595 1 0,593 4
NOTE	 This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted.

Table A.6 (continued)
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Table A.7 — Orifice plate with flange tappings — Discharge coefficient, C, for D = 200 mm

Diam-
eter 
ratio

Discharge coefficient, C, for ReD equal to

β 5 × 103 1 × 104 2 × 104 3 × 104 5 × 104 7 × 104 1 × 105 3 × 105 1 × 106 1 × 107 1 × 108 ∞

0,10 0,600 5 0,598 9 0,597 9 0,597 5 0,597 1 0,596 9 0,596 8 0,596 5 0,596 3 0,596 3 0,596 2 0,596 2

0,12 0,601 2 0,599 3 0,598 2 0,597 7 0,597 3 0,597 1 0,596 9 0,596 6 0,596 4 0,596 3 0,596 3 0,596 3

0,14 0,601 9 0,599 8 0,598 5 0,598 0 0,597 5 0,597 3 0,597 1 0,596 7 0,596 6 0,596 4 0,596 4 0,596 4

0,16 0,602 6 0,600 3 0,598 9 0,598 3 0,597 8 0,597 5 0,597 3 0,596 9 0,596 7 0,596 6 0,596 5 0,596 5

0,18 0,603 3 0,600 8 0,599 3 0,598 6 0,598 1 0,597 8 0,597 5 0,597 1 0,596 9 0,596 7 0,596 7 0,596 7

0,20 0,604 1 0,601 4 0,599 7 0,599 0 0,598 4 0,598 1 0,597 8 0,597 3 0,597 1 0,596 9 0,596 8 0,596 8

0,22 0,605 0 0,602 0 0,600 1 0,599 4 0,598 7 0,598 4 0,598 1 0,597 6 0,597 3 0,597 1 0,597 0 0,597 0

0,24 0,605 8 0,602 6 0,600 6 0,599 8 0,599 1 0,598 7 0,598 4 0,597 8 0,597 5 0,597 3 0,597 2 0,597 2

0,26 0,606 8 0,603 3 0,601 1 0,600 3 0,599 5 0,599 1 0,598 8 0,598 1 0,597 8 0,597 5 0,597 5 0,597 4

0,28 0,607 8 0,604 1 0,601 7 0,600 8 0,600 0 0,599 5 0,599 2 0,598 5 0,598 1 0,597 8 0,597 7 0,597 6

0,30 0,608 9 0,604 9 0,602 4 0,601 4 0,600 5 0,600 0 0,599 6 0,598 8 0,598 4 0,598 1 0,598 0 0,597 9

0,32 0,610 1 0,605 8 0,603 1 0,602 0 0,601 0 0,600 5 0,600 1 0,599 2 0,598 8 0,598 4 0,598 3 0,598 2

0,34 0,611 4 0,606 7 0,603 8 0,602 7 0,601 6 0,601 1 0,600 6 0,599 7 0,599 2 0,598 7 0,598 6 0,598 5

0,36 0,612 8 0,607 8 0,604 7 0,603 4 0,602 2 0,601 7 0,601 2 0,600 2 0,599 6 0,599 1 0,598 9 0,598 8

0,38 0,614 4 0,608 9 0,605 6 0,604 2 0,602 9 0,602 3 0,601 8 0,600 7 0,600 0 0,599 5 0,599 3 0,599 1

0,40 — 0,610 2 0,606 5 0,605 1 0,603 7 0,603 0 0,602 4 0,601 2 0,600 5 0,599 9 0,599 7 0,599 5

0,42 — 0,611 5 0,607 6 0,606 0 0,604 5 0,603 8 0,603 1 0,601 8 0,601 0 0,600 3 0,600 1 0,599 8

0,44 — 0,612 9 0,608 7 0,607 0 0,605 4 0,604 5 0,603 8 0,602 4 0,601 5 0,600 8 0,600 4 0,600 2

0,46 — 0,614 5 0,609 9 0,608 0 0,606 3 0,605 4 0,604 6 0,603 0 0,602 1 0,601 2 0,600 8 0,600 5

0,48 — 0,616 1 0,611 1 0,609 1 0,607 2 0,606 2 0,605 4 0,603 7 0,602 6 0,601 6 0,601 2 0,600 9

0,50 — 0,617 9 0,612 4 0,610 2 0,608 2 0,607 1 0,606 2 0,604 3 0,603 2 0,602 1 0,601 6 0,601 2

0,51 — 0,618 8 0,613 1 0,610 8 0,608 7 0,607 6 0,606 7 0,604 7 0,603 4 0,602 3 0,601 8 0,601 3

0,52 — 0,619 7 0,613 8 0,611 4 0,609 2 0,608 1 0,607 1 0,605 0 0,603 7 0,602 5 0,601 9 0,601 4

0,53 — 0,620 6 0,614 5 0,612 0 0,609 7 0,608 5 0,607 5 0,605 3 0,603 9 0,602 6 0,602 1 0,601 5

0,54 — 0,621 6 0,615 2 0,612 6 0,610 2 0,609 0 0,607 9 0,605 6 0,604 2 0,602 8 0,602 2 0,601 6

0,55 — — 0,615 9 0,613 2 0,610 7 0,609 4 0,608 3 0,605 9 0,604 4 0,603 0 0,602 3 0,601 7

0,56 — — 0,616 6 0,613 8 0,611 2 0,609 9 0,608 7 0,606 2 0,604 6 0,603 1 0,602 4 0,601 8

0,57 — — 0,617 4 0,614 5 0,611 7 0,610 3 0,609 1 0,606 5 0,604 8 0,603 2 0,602 5 0,601 8

0,58 — — 0,618 1 0,615 1 0,612 2 0,610 7 0,609 4 0,606 7 0,605 0 0,603 3 0,602 5 0,601 8

0,59 — — 0,618 8 0,615 6 0,612 7 0,611 1 0,609 8 0,607 0 0,605 1 0,603 3 0,602 5 0,601 8

0,60 — — 0,619 5 0,616 2 0,613 1 0,611 5 0,610 1 0,607 2 0,605 2 0,603 4 0,602 5 0,601 7

0,61 — — 0,620 2 0,616 8 0,613 5 0,611 9 0,610 4 0,607 3 0,605 3 0,603 3 0,602 4 0,601 6

0,62 — — 0,620 9 0,617 3 0,613 9 0,612 2 0,610 7 0,607 5 0,605 3 0,603 3 0,602 3 0,601 4

0,63 — — 0,621 6 0,617 8 0,614 3 0,612 5 0,610 9 0,607 6 0,605 3 0,603 2 0,602 2 0,601 2

0,64 — — 0,622 2 0,618 3 0,614 7 0,612 8 0,611 1 0,607 6 0,605 3 0,603 0 0,601 9 0,600 9

0,65 — — 0,622 8 0,618 8 0,615 0 0,613 0 0,611 3 0,607 6 0,605 2 0,602 8 0,601 6 0,600 6

0,66 — — 0,623 4 0,619 2 0,615 2 0,613 2 0,611 4 0,607 5 0,605 0 0,602 5 0,601 3 0,600 2

0,67 — — 0,623 9 0,619 5 0,615 4 0,613 3 0,611 4 0,607 4 0,604 7 0,602 1 0,600 9 0,599 7

0,68 — — 0,624 4 0,619 8 0,615 5 0,613 3 0,611 4 0,607 2 0,604 4 0,601 6 0,600 3 0,599 1

0,69 — — 0,624 8 0,620 1 0,615 6 0,613 3 0,611 2 0,606 9 0,604 0 0,601 1 0,599 7 0,598 4

0,70 — — 0,625 2 0,620 2 0,615 5 0,613 1 0,611 0 0,606 5 0,603 5 0,600 4 0,599 0 0,597 6

0,71 — — 0,625 5 0,620 3 0,615 4 0,612 9 0,610 7 0,606 0 0,602 8 0,599 6 0,598 2 0,596 7

0,72 — — 0,625 7 0,620 3 0,615 2 0,612 6 0,610 3 0,605 4 0,602 1 0,598 8 0,597 2 0,595 7

0,73 — — 0,625 8 0,620 2 0,614 9 0,612 2 0,609 8 0,604 7 0,601 2 0,597 7 0,596 1 0,594 5

0,74 — — 0,625 8 0,619 9 0,614 5 0,611 6 0,609 2 0,603 8 0,600 2 0,596 6 0,594 9 0,593 2

NOTE	 This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted.
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Diam-
eter 
ratio

Discharge coefficient, C, for ReD equal to

β 5 × 103 1 × 104 2 × 104 3 × 104 5 × 104 7 × 104 1 × 105 3 × 105 1 × 106 1 × 107 1 × 108 ∞

0,75 — — 0,625 6 0,619 6 0,613 9 0,611 0 0,608 4 0,602 8 0,599 1 0,595 3 0,593 5 0,591 7
NOTE	 This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted.

Table A.8 — Orifice plate with flange tappings — Discharge coefficient, C, for D = 250 mm

Diam-
eter 
ratio

Discharge coefficient, C, for ReD equal to

β 5 × 103 1 × 104 2 × 104 3 × 104 5 × 104 7 × 104 1 × 105 3 × 105 1 × 106 1 × 107 1 × 108 ∞

0,10 0,600 5 0,598 9 0,597 9 0,597 5 0,597 1 0,596 9 0,596 8 0,596 5 0,596 4 0,596 3 0,596 3 0,596 3

0,12 0,601 2 0,599 4 0,598 2 0,597 7 0,597 3 0,597 1 0,597 0 0,596 6 0,596 5 0,596 4 0,596 3 0,596 3

0,14 0,601 9 0,599 8 0,598 5 0,598 0 0,597 6 0,597 3 0,597 1 0,596 8 0,596 6 0,596 5 0,596 5 0,596 4

0,16 0,602 6 0,600 3 0,598 9 0,598 3 0,597 8 0,597 6 0,597 4 0,596 9 0,596 7 0,596 6 0,596 6 0,596 6

0,18 0,603 4 0,600 9 0,599 3 0,598 7 0,598 1 0,597 8 0,597 6 0,597 1 0,596 9 0,596 8 0,596 7 0,596 7

0,20 0,604 2 0,601 4 0,599 7 0,599 0 0,598 4 0,598 1 0,597 9 0,597 4 0,597 1 0,596 9 0,596 9 0,596 9

0,22 0,605 0 0,602 0 0,600 2 0,599 4 0,598 8 0,598 4 0,598 1 0,597 6 0,597 3 0,597 1 0,597 1 0,597 1

0,24 0,605 9 0,602 7 0,600 7 0,599 9 0,599 1 0,598 8 0,598 5 0,597 9 0,597 6 0,597 4 0,597 3 0,597 3

0,26 0,606 8 0,603 4 0,601 2 0,600 4 0,599 6 0,599 2 0,598 8 0,598 2 0,597 8 0,597 6 0,597 5 0,597 5

0,28 0,607 9 0,604 1 0,601 8 0,600 9 0,600 0 0,599 6 0,599 2 0,598 5 0,598 1 0,597 9 0,597 8 0,597 7

0,30 0,609 0 0,604 9 0,602 5 0,601 5 0,600 5 0,600 1 0,599 7 0,598 9 0,598 5 0,598 2 0,598 1 0,598 0

0,32 0,610 2 0,605 8 0,603 2 0,602 1 0,601 1 0,600 6 0,600 2 0,599 3 0,598 8 0,598 5 0,598 4 0,598 3

0,34 0,611 5 0,606 8 0,603 9 0,602 8 0,601 7 0,601 1 0,600 7 0,599 8 0,599 2 0,598 8 0,598 7 0,598 6

0,36 — 0,607 9 0,604 7 0,603 5 0,602 3 0,601 7 0,601 2 0,600 2 0,599 7 0,599 2 0,599 0 0,598 9

0,38 — 0,609 0 0,605 6 0,604 3 0,603 0 0,602 4 0,601 8 0,600 7 0,600 1 0,599 6 0,599 4 0,599 2

0,40 — 0,610 2 0,606 6 0,605 1 0,603 8 0,603 1 0,602 5 0,601 3 0,600 6 0,600 0 0,599 7 0,599 5

0,42 — 0,611 6 0,607 6 0,606 1 0,604 6 0,603 8 0,603 2 0,601 9 0,601 1 0,600 4 0,600 1 0,599 9

0,44 — 0,613 0 0,608 7 0,607 0 0,605 4 0,604 6 0,603 9 0,602 5 0,601 6 0,600 8 0,600 5 0,600 2

0,46 — 0,614 5 0,609 9 0,608 1 0,606 3 0,605 4 0,604 7 0,603 1 0,602 1 0,601 2 0,600 9 0,600 6

0,48 — 0,616 2 0,611 2 0,609 1 0,607 2 0,606 3 0,605 5 0,603 7 0,602 6 0,601 7 0,601 3 0,600 9

0,50 — — 0,612 5 0,610 3 0,608 2 0,607 2 0,606 3 0,604 4 0,603 2 0,602 1 0,601 6 0,601 2

0,51 — — 0,613 1 0,610 8 0,608 7 0,607 6 0,606 7 0,604 7 0,603 4 0,602 3 0,601 8 0,601 3

0,52 — — 0,613 8 0,611 4 0,609 2 0,608 1 0,607 1 0,605 0 0,603 7 0,602 4 0,601 9 0,601 4

0,53 — — 0,614 5 0,612 0 0,609 7 0,608 5 0,607 5 0,605 3 0,603 9 0,602 6 0,602 1 0,601 5

0,54 — — 0,615 2 0,612 6 0,610 2 0,608 9 0,607 9 0,605 6 0,604 1 0,602 8 0,602 2 0,601 6

0,55 — — 0,615 9 0,613 2 0,610 7 0,609 4 0,608 3 0,605 9 0,604 4 0,602 9 0,602 3 0,601 7

0,56 — — 0,616 6 0,613 8 0,611 2 0,609 8 0,608 6 0,606 1 0,604 5 0,603 0 0,602 3 0,601 7

0,57 — — 0,617 3 0,614 4 0,611 6 0,610 2 0,609 0 0,606 4 0,604 7 0,603 1 0,602 4 0,601 7

0,58 — — 0,618 0 0,615 0 0,612 1 0,610 6 0,609 3 0,606 6 0,604 9 0,603 2 0,602 4 0,601 7

0,59 — — 0,618 7 0,615 5 0,612 5 0,611 0 0,609 7 0,606 8 0,605 0 0,603 2 0,602 4 0,601 6

0,60 — — 0,619 4 0,616 1 0,613 0 0,611 4 0,610 0 0,607 0 0,605 1 0,603 2 0,602 3 0,601 5

0,61 — — 0,620 1 0,616 6 0,613 4 0,611 7 0,610 3 0,607 1 0,605 1 0,603 1 0,602 3 0,601 4

0,62 — — 0,620 7 0,617 1 0,613 8 0,612 0 0,610 5 0,607 2 0,605 1 0,603 1 0,602 1 0,601 2

0,63 — — 0,621 4 0,617 6 0,614 1 0,612 3 0,610 7 0,607 3 0,605 1 0,602 9 0,601 9 0,601 0

0,64 — — 0,622 0 0,618 1 0,614 4 0,612 5 0,610 9 0,607 3 0,605 0 0,602 7 0,601 7 0,600 6

0,65 — — 0,622 6 0,618 5 0,614 7 0,612 7 0,611 0 0,607 3 0,604 8 0,602 4 0,601 3 0,600 3

0,66 — — 0,623 1 0,618 9 0,614 9 0,612 8 0,611 0 0,607 2 0,604 6 0,602 1 0,600 9 0,599 8

NOTE	 This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted.

Table A.7 (continued)
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Diam-
eter 
ratio

Discharge coefficient, C, for ReD equal to

β 5 × 103 1 × 104 2 × 104 3 × 104 5 × 104 7 × 104 1 × 105 3 × 105 1 × 106 1 × 107 1 × 108 ∞

0,67 — — 0,623 6 0,619 2 0,615 0 0,612 9 0,611 0 0,607 0 0,604 3 0,601 7 0,600 4 0,599 3

0,68 — — 0,624 0 0,619 4 0,615 1 0,612 9 0,610 9 0,606 7 0,603 9 0,601 2 0,599 9 0,598 6

0,69 — — — 0,619 6 0,615 1 0,612 8 0,610 7 0,606 4 0,603 5 0,600 5 0,599 2 0,597 9

0,70 — — — 0,619 7 0,615 0 0,612 6 0,610 5 0,605 9 0,602 9 0,599 8 0,598 4 0,597 0

0,71 — — — 0,619 7 0,614 8 0,612 3 0,610 1 0,605 4 0,602 2 0,599 0 0,597 5 0,596 1

0,72 — — — 0,619 6 0,614 5 0,611 9 0,609 6 0,604 7 0,601 4 0,598 0 0,596 5 0,595 0

0,73 — — — 0,619 4 0,614 1 0,611 4 0,609 0 0,603 9 0,600 4 0,596 9 0,595 3 0,593 7

0,74 — — — 0,619 1 0,613 6 0,610 8 0,608 3 0,602 9 0,599 4 0,595 7 0,594 0 0,592 3

0,75 — — — 0,618 7 0,613 0 0,610 0 0,607 4 0,601 8 0,598 1 0,594 3 0,592 5 0,590 8
NOTE	 This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted.

Table A.9 — Orifice plate with flange tappings — Discharge coefficient, C, for D = 375 mm

Diam-
eter 
ratio

Discharge coefficient, C, for ReD equal to

β 5 × 103 1 × 104 2 × 104 3 × 104 5 × 104 7 × 104 1 × 105 3 × 105 1 × 106 1 × 107 1 × 108 ∞

0,10 0,600 6 0,598 9 0,597 9 0,597 5 0,597 1 0,597 0 0,596 8 0,596 5 0,596 4 0,596 3 0,596 3 0,596 3

0,12 0,601 3 0,599 4 0,598 2 0,597 8 0,597 4 0,597 2 0,597 0 0,596 7 0,596 5 0,596 4 0,596 4 0,596 4

0,14 0,602 0 0,599 9 0,598 6 0,598 1 0,597 6 0,597 4 0,597 2 0,596 8 0,596 6 0,596 5 0,596 5 0,596 5

0,16 0,602 7 0,600 4 0,599 0 0,598 4 0,597 9 0,597 6 0,597 4 0,597 0 0,596 8 0,596 7 0,596 6 0,596 6

0,18 0,603 5 0,600 9 0,599 4 0,598 7 0,598 2 0,597 9 0,597 7 0,597 2 0,597 0 0,596 8 0,596 8 0,596 8

0,20 0,604 2 0,601 5 0,599 8 0,599 1 0,598 5 0,598 2 0,597 9 0,597 4 0,597 2 0,597 0 0,597 0 0,596 9

0,22 0,605 1 0,602 1 0,600 3 0,599 5 0,598 8 0,598 5 0,598 2 0,597 7 0,597 4 0,597 2 0,597 2 0,597 1

0,24 0,606 0 0,602 8 0,600 8 0,600 0 0,599 2 0,598 9 0,598 6 0,598 0 0,597 7 0,597 4 0,597 4 0,597 3

0,26 0,606 9 0,603 5 0,601 3 0,600 5 0,599 7 0,599 3 0,598 9 0,598 3 0,597 9 0,597 7 0,597 6 0,597 6

0,28 0,608 0 0,604 2 0,601 9 0,601 0 0,600 1 0,599 7 0,599 3 0,598 6 0,598 3 0,598 0 0,597 9 0,597 8

0,30 — 0,605 1 0,602 6 0,601 6 0,600 6 0,600 2 0,599 8 0,599 0 0,598 6 0,598 3 0,598 2 0,598 1

0,32 — 0,606 0 0,603 3 0,602 2 0,601 2 0,600 7 0,600 3 0,599 4 0,599 0 0,598 6 0,598 5 0,598 4

0,34 — 0,606 9 0,604 0 0,602 9 0,601 8 0,601 3 0,600 8 0,599 9 0,599 4 0,598 9 0,598 8 0,598 7

0,36 — 0,608 0 0,604 9 0,603 6 0,602 4 0,601 9 0,601 4 0,600 4 0,599 8 0,599 3 0,599 1 0,599 0

0,38 — 0,609 1 0,605 8 0,604 4 0,603 1 0,602 5 0,602 0 0,600 9 0,600 2 0,599 7 0,599 5 0,599 3

0,40 — — 0,606 7 0,605 3 0,603 9 0,603 2 0,602 6 0,601 4 0,600 7 0,600 1 0,599 9 0,599 7

0,42 — — 0,607 8 0,606 2 0,604 7 0,603 9 0,603 3 0,602 0 0,601 2 0,600 5 0,600 2 0,600 0

0,44 — — 0,608 9 0,607 1 0,605 5 0,604 7 0,604 0 0,602 6 0,601 7 0,600 9 0,600 6 0,600 3

0,46 — — 0,610 0 0,608 2 0,606 4 0,605 5 0,604 8 0,603 2 0,602 2 0,601 3 0,601 0 0,600 7

0,48 — — 0,611 3 0,609 2 0,607 3 0,606 4 0,605 5 0,603 8 0,602 7 0,601 8 0,601 3 0,601 0

0,50 — — 0,612 5 0,610 3 0,608 3 0,607 2 0,606 3 0,604 4 0,603 2 0,602 1 0,601 7 0,601 2

0,51 — — 0,613 2 0,610 9 0,608 8 0,607 7 0,606 7 0,604 7 0,603 5 0,602 3 0,601 8 0,601 4

0,52 — — 0,613 9 0,611 5 0,609 2 0,608 1 0,607 1 0,605 0 0,603 7 0,602 5 0,601 9 0,601 5

0,53 — — 0,614 5 0,612 1 0,609 7 0,608 5 0,607 5 0,605 3 0,603 9 0,602 6 0,602 1 0,601 5

0,54 — — 0,615 2 0,612 6 0,610 2 0,609 0 0,607 9 0,605 6 0,604 1 0,602 8 0,602 2 0,601 6

0,55 — — 0,615 9 0,613 2 0,610 7 0,609 4 0,608 2 0,605 8 0,604 3 0,602 9 0,602 2 0,601 7

0,56 — — 0,616 6 0,613 8 0,611 1 0,609 8 0,608 6 0,606 1 0,604 5 0,603 0 0,602 3 0,601 7

0,57 — — — 0,614 4 0,611 6 0,610 2 0,608 9 0,606 3 0,604 7 0,603 0 0,602 3 0,601 7

0,58 — — — 0,614 9 0,612 0 0,610 6 0,609 3 0,606 5 0,604 8 0,603 1 0,602 3 0,601 6

NOTE	 This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted.

Table A.8 (continued)
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Diam-
eter 
ratio

Discharge coefficient, C, for ReD equal to

β 5 × 103 1 × 104 2 × 104 3 × 104 5 × 104 7 × 104 1 × 105 3 × 105 1 × 106 1 × 107 1 × 108 ∞

0,59 — — — 0,615 5 0,612 4 0,610 9 0,609 6 0,606 7 0,604 9 0,603 1 0,602 3 0,601 5

0,60 — — — 0,616 0 0,612 8 0,611 2 0,609 8 0,606 9 0,604 9 0,603 0 0,602 2 0,601 4

0,61 — — — 0,616 5 0,613 2 0,611 6 0,610 1 0,607 0 0,605 0 0,603 0 0,602 1 0,601 2

0,62 — — — 0,617 0 0,613 6 0,611 8 0,610 3 0,607 0 0,604 9 0,602 8 0,601 9 0,601 0

0,63 — — — 0,617 4 0,613 9 0,612 1 0,610 5 0,607 1 0,604 8 0,602 6 0,601 7 0,600 7

0,64 — — — 0,617 8 0,614 1 0,612 2 0,610 6 0,607 0 0,604 7 0,602 4 0,601 4 0,600 3

0,65 — — — 0,618 2 0,614 3 0,612 4 0,610 6 0,606 9 0,604 5 0,602 1 0,601 0 0,599 9

0,66 — — — 0,618 5 0,614 5 0,612 4 0,610 6 0,606 8 0,604 2 0,601 7 0,600 5 0,599 4

0,67 — — — 0,618 8 0,614 6 0,612 4 0,610 6 0,606 5 0,603 9 0,601 2 0,600 0 0,598 8

0,68 — — — 0,619 0 0,614 6 0,612 4 0,610 4 0,606 2 0,603 4 0,600 6 0,599 3 0,598 1

0,69 — — — — 0,614 5 0,612 2 0,610 2 0,605 8 0,602 9 0,600 0 0,598 6 0,597 3

0,70 — — — — 0,614 4 0,612 0 0,609 8 0,605 3 0,602 2 0,599 2 0,597 7 0,596 4

0,71 — — — — 0,614 1 0,611 6 0,609 4 0,604 6 0,601 5 0,598 2 0,596 8 0,595 3

0,72 — — — — 0,613 8 0,611 1 0,608 8 0,603 9 0,600 6 0,597 2 0,595 6 0,594 1

0,73 — — — — 0,613 3 0,610 5 0,608 1 0,602 9 0,599 5 0,596 0 0,594 4 0,592 8

0,74 — — — — 0,612 6 0,609 8 0,607 3 0,601 9 0,598 3 0,594 6 0,592 9 0,591 3

0,75 — — — — 0,611 9 0,608 9 0,606 3 0,600 7 0,596 9 0,593 1 0,591 3 0,589 6
NOTE	 This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted.

Table A.10 — Orifice plate with flange tappings — Discharge coefficient, C, for D = 760 mm

Diam-
eter 
ratio

Discharge coefficient, C, for ReD equal to

β 5 × 103 1 × 104 2 × 104 3 × 104 5 × 104 7 × 104 1 × 105 3 × 105 1 × 106 1 × 107 1 × 108 ∞

0,10 0,600 6 0,599 0 0,597 9 0,597 5 0,597 2 0,597 0 0,596 9 0,596 6 0,596 4 0,596 3 0,596 3 0,596 3

0,12 0,601 3 0,599 4 0,598 3 0,597 8 0,597 4 0,597 2 0,597 0 0,596 7 0,596 5 0,596 4 0,596 4 0,596 4

0,14 0,602 0 0,599 9 0,598 6 0,598 1 0,597 7 0,597 4 0,597 2 0,596 9 0,596 7 0,596 6 0,596 6 0,596 5

0,16 0,602 8 0,600 5 0,599 0 0,598 5 0,597 9 0,597 7 0,597 5 0,597 1 0,596 9 0,596 7 0,596 7 0,596 7

0,18 0,603 5 0,601 0 0,599 4 0,598 8 0,598 2 0,598 0 0,597 7 0,597 3 0,597 0 0,596 9 0,596 9 0,596 8

0,20 — 0,601 6 0,599 9 0,599 2 0,598 6 0,598 3 0,598 0 0,597 5 0,597 3 0,597 1 0,597 1 0,597 0

0,22 — 0,602 2 0,600 4 0,599 6 0,598 9 0,598 6 0,598 3 0,597 8 0,597 5 0,597 3 0,597 3 0,597 2

0,24 — 0,602 9 0,600 9 0,600 1 0,599 3 0,599 0 0,598 7 0,598 1 0,597 8 0,597 6 0,597 5 0,597 5

0,26 — 0,603 6 0,601 4 0,600 6 0,599 8 0,599 4 0,599 1 0,598 4 0,598 1 0,597 8 0,597 7 0,597 7

0,28 — — 0,602 0 0,601 1 0,600 3 0,599 8 0,599 5 0,598 8 0,598 4 0,598 1 0,598 0 0,598 0

0,30 — — 0,602 7 0,601 7 0,600 8 0,600 3 0,599 9 0,599 2 0,598 7 0,598 4 0,598 3 0,598 2

0,32 — — 0,603 4 0,602 3 0,601 3 0,600 8 0,600 4 0,599 6 0,599 1 0,598 7 0,598 6 0,598 5

0,34 — — 0,604 2 0,603 0 0,602 0 0,601 4 0,601 0 0,600 0 0,599 5 0,599 1 0,599 0 0,598 8

0,36 — — 0,605 0 0,603 8 0,602 6 0,602 0 0,601 5 0,600 5 0,599 9 0,599 5 0,599 3 0,599 2

0,38 — — 0,605 9 0,604 6 0,603 3 0,602 7 0,602 1 0,601 0 0,600 4 0,599 9 0,599 7 0,599 5

0,40 — — — 0,605 4 0,604 1 0,603 4 0,602 8 0,601 6 0,600 9 0,600 3 0,600 0 0,599 8

0,42 — — — 0,606 4 0,604 9 0,604 1 0,603 5 0,602 2 0,601 4 0,600 7 0,600 4 0,600 2

0,44 — — — 0,607 3 0,605 7 0,604 9 0,604 2 0,602 7 0,601 9 0,601 1 0,600 8 0,600 5

0,46 — — — 0,608 4 0,606 6 0,605 7 0,604 9 0,603 4 0,602 4 0,601 5 0,601 2 0,600 8

0,48 — — — 0,609 4 0,607 5 0,606 5 0,605 7 0,604 0 0,602 9 0,601 9 0,601 5 0,601 1

0,50 — — — — 0,608 4 0,607 4 0,606 5 0,604 6 0,603 4 0,602 3 0,601 8 0,601 4

NOTE	 This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted.

Table A.9 (continued)
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Diam-
eter 
ratio

Discharge coefficient, C, for ReD equal to

β 5 × 103 1 × 104 2 × 104 3 × 104 5 × 104 7 × 104 1 × 105 3 × 105 1 × 106 1 × 107 1 × 108 ∞

0,51 — — — — 0,608 9 0,607 8 0,606 9 0,604 9 0,603 6 0,602 5 0,602 0 0,601 5

0,52 — — — — 0,609 4 0,608 2 0,607 3 0,605 2 0,603 9 0,602 6 0,602 1 0,601 6

0,53 — — — — 0,609 9 0,608 7 0,607 6 0,605 4 0,604 1 0,602 8 0,602 2 0,601 7

0,54 — — — — 0,610 3 0,609 1 0,608 0 0,605 7 0,604 3 0,602 9 0,602 3 0,601 7

0,55 — — — — 0,610 8 0,609 5 0,608 4 0,606 0 0,604 4 0,603 0 0,602 4 0,601 8

0,56 — — — — 0,611 2 0,609 9 0,608 7 0,606 2 0,604 6 0,603 1 0,602 4 0,601 8

0,57 — — — — 0,611 7 0,610 3 0,609 0 0,606 4 0,604 7 0,603 1 0,602 4 0,601 7

0,58 — — — — 0,612 1 0,610 6 0,609 3 0,606 6 0,604 8 0,603 1 0,602 4 0,601 7

0,59 — — — — 0,612 5 0,611 0 0,609 6 0,606 8 0,604 9 0,603 1 0,602 3 0,601 6

0,60 — — — — 0,612 9 0,611 3 0,609 9 0,606 9 0,605 0 0,603 1 0,602 2 0,601 4

0,61 — — — — 0,613 2 0,611 6 0,610 1 0,607 0 0,605 0 0,603 0 0,602 1 0,601 2

0,62 — — — — 0,613 6 0,611 8 0,610 3 0,607 0 0,604 9 0,602 8 0,601 9 0,601 0

0,63 — — — — — 0,612 0 0,610 4 0,607 0 0,604 8 0,602 6 0,601 6 0,600 6

0,64 — — — — — 0,612 2 0,610 5 0,606 9 0,604 6 0,602 3 0,601 3 0,600 3

0,65 — — — — — 0,612 3 0,610 5 0,606 8 0,604 4 0,602 0 0,600 9 0,599 8

0,66 — — — — — 0,612 3 0,610 5 0,606 6 0,604 1 0,601 5 0,600 4 0,599 2

0,67 — — — — — 0,612 3 0,610 4 0,606 3 0,603 7 0,601 0 0,599 8 0,598 6

0,68 — — — — — 0,612 2 0,610 2 0,606 0 0,603 2 0,600 4 0,599 1 0,597 9

0,69 — — — — — 0,611 9 0,609 9 0,605 5 0,602 6 0,599 6 0,598 3 0,597 0

0,70 — — — — — 0,611 6 0,609 5 0,604 9 0,601 9 0,598 8 0,597 4 0,596 0

0,71 — — — — — 0,611 2 0,609 0 0,604 2 0,601 0 0,597 8 0,596 3 0,594 9

0,72 — — — — — 0,610 7 0,608 4 0,603 4 0,600 1 0,596 7 0,595 1 0,593 6

0,73 — — — — — 0,610 0 0,607 6 0,602 4 0,598 9 0,595 4 0,593 8 0,592 2

0,74 — — — — — — 0,606 7 0,601 2 0,597 6 0,594 0 0,592 3 0,590 6

0,75 — — — — — — 0,605 6 0,599 9 0,596 2 0,592 3 0,590 6 0,588 8
NOTE	 This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted.

Table A.11 — Orifice plate with flange tappings — Discharge coefficient, C, for D = 1 000 mm

Diam-
eter 
ratio

Discharge coefficient, C, for ReD equal to

β 5 × 103 1 × 104 2 × 104 3 × 104 5 × 104 7 × 104 1 × 105 3 × 105 1 × 106 1 × 107 1 × 108 ∞

0,10 0,600 6 0,599 0 0,598 0 0,597 6 0,597 2 0,597 0 0,596 9 0,596 6 0,596 4 0,596 3 0,596 3 0,596 3

0,12 0,601 3 0,599 4 0,598 3 0,597 8 0,597 4 0,597 2 0,597 0 0,596 7 0,596 6 0,596 5 0,596 4 0,596 4

0,14 0,602 0 0,599 9 0,598 7 0,598 1 0,597 7 0,597 4 0,597 3 0,596 9 0,596 7 0,596 6 0,596 6 0,596 6

0,16 0,602 8 0,600 5 0,599 0 0,598 5 0,598 0 0,597 7 0,597 5 0,597 1 0,596 9 0,596 7 0,596 7 0,596 7

0,18 — 0,601 0 0,599 5 0,598 8 0,598 3 0,598 0 0,597 7 0,597 3 0,597 1 0,596 9 0,596 9 0,596 9

0,20 — 0,601 6 0,599 9 0,599 2 0,598 6 0,598 3 0,598 0 0,597 5 0,597 3 0,597 1 0,597 1 0,597 1

0,22 — 0,602 2 0,600 4 0,599 6 0,599 0 0,598 6 0,598 4 0,597 8 0,597 5 0,597 3 0,597 3 0,597 3

0,24 — 0,602 9 0,600 9 0,600 1 0,599 4 0,599 0 0,598 7 0,598 1 0,597 8 0,597 6 0,597 5 0,597 5

0,26 — — 0,601 5 0,600 6 0,599 8 0,599 4 0,599 1 0,598 4 0,598 1 0,597 9 0,597 8 0,597 7

0,28 — — 0,602 1 0,601 2 0,600 3 0,599 9 0,599 5 0,598 8 0,598 4 0,598 1 0,598 1 0,598 0

0,30 — — 0,602 7 0,601 7 0,600 8 0,600 4 0,600 0 0,599 2 0,598 8 0,598 5 0,598 3 0,598 3

0,32 — — 0,603 5 0,602 4 0,601 4 0,600 9 0,600 5 0,599 6 0,599 2 0,598 8 0,598 7 0,598 6

0,34 — — 0,604 3 0,603 1 0,602 0 0,601 5 0,601 0 0,600 1 0,599 6 0,599 1 0,599 0 0,598 9

NOTE	 This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted.

Table A.10 (continued)
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Diam-
eter 
ratio

Discharge coefficient, C, for ReD equal to

β 5 × 103 1 × 104 2 × 104 3 × 104 5 × 104 7 × 104 1 × 105 3 × 105 1 × 106 1 × 107 1 × 108 ∞

0,36 — — — 0,603 8 0,602 7 0,602 1 0,601 6 0,600 6 0,600 0 0,599 5 0,599 4 0,599 2

0,38 — — — 0,604 6 0,603 4 0,602 7 0,602 2 0,601 1 0,600 5 0,599 9 0,599 7 0,599 5

0,40 — — — 0,605 5 0,604 1 0,603 4 0,602 8 0,601 6 0,600 9 0,600 3 0,600 1 0,599 9

0,42 — — — 0,606 4 0,604 9 0,604 2 0,603 5 0,602 2 0,601 4 0,600 7 0,600 5 0,600 2

0,44 — — — — 0,605 8 0,605 0 0,604 3 0,602 8 0,601 9 0,601 2 0,600 9 0,600 6

0,46 — — — — 0,606 7 0,605 8 0,605 0 0,603 4 0,602 4 0,601 6 0,601 2 0,600 9

0,48 — — — — 0,607 6 0,606 6 0,605 8 0,604 0 0,603 0 0,602 0 0,601 6 0,601 2

0,50 — — — — 0,608 5 0,607 5 0,606 5 0,604 6 0,603 5 0,602 4 0,601 9 0,601 5

0,51 — — — — 0,609 0 0,607 9 0,606 9 0,604 9 0,603 7 0,602 5 0,602 0 0,601 6

0,52 — — — — 0,609 5 0,608 3 0,607 3 0,605 2 0,603 9 0,602 7 0,602 2 0,601 7

0,53 — — — — 0,609 9 0,608 7 0,607 7 0,605 5 0,604 1 0,602 8 0,602 3 0,601 7

0,54 — — — — 0,610 4 0,609 1 0,608 1 0,605 8 0,604 3 0,603 0 0,602 4 0,601 8

0,55 — — — — — 0,609 6 0,608 4 0,606 0 0,604 5 0,603 1 0,602 4 0,601 8

0,56 — — — — — 0,609 9 0,608 8 0,606 3 0,604 7 0,603 1 0,602 5 0,601 8

0,57 — — — — — 0,610 3 0,609 1 0,606 5 0,604 8 0,603 2 0,602 5 0,601 8

0,58 — — — — — 0,610 7 0,609 4 0,606 7 0,604 9 0,603 2 0,602 4 0,601 7

0,59 — — — — — 0,611 0 0,609 7 0,606 8 0,605 0 0,603 2 0,602 4 0,601 6

0,60 — — — — — 0,611 3 0,609 9 0,606 9 0,605 0 0,603 1 0,602 3 0,601 5

0,61 — — — — — 0,611 6 0,610 2 0,607 0 0,605 0 0,603 0 0,602 1 0,601 3

0,62 — — — — — 0,611 9 0,610 3 0,607 1 0,604 9 0,602 9 0,601 9 0,601 0

0,63 — — — — — 0,612 1 0,610 5 0,607 0 0,604 8 0,602 6 0,601 6 0,600 7

0,64 — — — — — 0,612 2 0,610 6 0,607 0 0,604 7 0,602 3 0,601 3 0,600 3

0,65 — — — — — — 0,610 6 0,606 8 0,604 4 0,602 0 0,600 9 0,599 8

0,66 — — — — — — 0,610 5 0,606 6 0,604 1 0,601 6 0,600 4 0,599 3

0,67 — — — — — — 0,610 4 0,606 3 0,603 7 0,601 0 0,599 8 0,598 6

0,68 — — — — — — 0,610 2 0,606 0 0,603 2 0,600 4 0,599 1 0,597 9

0,69 — — — — — — 0,609 9 0,605 5 0,602 6 0,599 7 0,598 3 0,597 0

0,70 — — — — — — 0,609 5 0,604 9 0,601 9 0,598 8 0,597 4 0,596 0

0,71 — — — — — — 0,609 0 0,604 2 0,601 0 0,597 8 0,596 3 0,594 9

0,72 — — — — — — 0,608 4 0,603 3 0,600 0 0,596 7 0,595 1 0,593 6

0,73 — — — — — — 0,607 6 0,602 4 0,598 9 0,595 4 0,593 8 0,592 2

0,74 — — — — — — 0,606 6 0,601 2 0,597 6 0,593 9 0,592 2 0,590 6

0,75 — — — — — — 0,605 5 0,599 9 0,596 1 0,592 3 0,590 5 0,588 7

NOTE	 This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted.

Table A.12 — Orifice plates — Expansibility [expansion] factor, ε

Diameter ratio Expansibility [expansion] factor, ε, for p2/p1 equal to

β β4 0,98 0,96 0,94 0,92 0,90 0,85 0,80 0,75

for κ = 1,2

0,100 0 0,000 1 0,994 1 0,988 3 0,982 4 0,976 4 0,970 5 0,955 5 0,940 4 0,925 2

0,562 3 0,100 0 0,993 6 0,987 1 0,980 6 0,974 1 0,967 6 0,951 1 0,934 5 0,917 7

0,668 7 0,200 0 0,992 7 0,985 3 0,977 9 0,970 5 0,963 1 0,944 3 0,925 4 0,906 3

0,740 1 0,300 0 0,991 5 0,982 9 0,974 3 0,965 7 0,957 0 0,935 2 0,913 2 0,891 0

0,750 0 0,316 4 0,991 2 0,982 4 0,973 6 0,964 8 0,955 9 0,933 5 0,910 9 0,888 1

NOTE	 This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted.

Table A.11 (continued)
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Diameter ratio Expansibility [expansion] factor, ε, for p2/p1 equal to

β β4 0,98 0,96 0,94 0,92 0,90 0,85 0,80 0,75

for κ = 1,3

0,100 0 0,000 1 0,994 6 0,989 1 0,983 7 0,978 2 0,972 7 0,958 7 0,944 6 0,930 3

0,562 3 0,100 0 0,994 0 0,988 1 0,982 1 0,976 0 0,970 0 0,954 7 0,939 1 0,923 4

0,668 7 0,200 0 0,993 2 0,986 4 0,979 6 0,972 7 0,965 8 0,948 4 0,930 7 0,912 8

0,740 1 0,300 0 0,992 1 0,984 2 0,976 2 0,968 2 0,960 2 0,939 9 0,919 3 0,898 5

0,750 0 0,316 4 0,991 9 0,983 8 0,975 6 0,967 4 0,959 1 0,938 3 0,917 2 0,895 8

for κ = 1,4

0,100 0 0,000 1 0,995 0 0,989 9 0,984 8 0,979 7 0,974 6 0,961 5 0,948 3 0,934 8

0,562 3 0,100 0 0,994 5 0,988 9 0,983 3 0,977 7 0,972 0 0,957 7 0,943 1 0,928 3

0,668 7 0,200 0 0,993 7 0,987 4 0,981 0 0,974 6 0,968 1 0,951 8 0,935 3 0,918 4

0,740 1 0,300 0 0,992 7 0,985 3 0,977 9 0,970 4 0,962 9 0,943 9 0,924 6 0,905 0

0,750 0 0,316 4 0,992 5 0,984 9 0,977 3 0,969 6 0,961 9 0,942 4 0,922 6 0,902 5

for κ= 1,66

0,100 0 0,000 1 0,995 8 0,991 5 0,987 2 0,982 8 0,978 4 0,967 3 0,955 8 0,944 1

0,562 3 0,100 0 0,995 3 0,990 6 0,985 9 0,981 1 0,976 3 0,964 0 0,951 5 0,938 6

0,668 7 0,200 0 0,994 7 0,989 3 0,983 9 0,978 5 0,973 0 0,959 0 0,944 7 0,930 1

0,740 1 0,300 0 0,993 8 0,987 6 0,981 3 0,974 9 0,968 5 0,952 3 0,935 7 0,918 6

0,750 0 0,316 4 0,993 6 0,987 2 0,980 8 0,974 3 0,967 7 0,951 0 0,934 0 0,916 4
NOTE	 This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted.

Table A.12 (continued)
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Annex B 
(informative) 

 
Flow conditioners

B.1	 General

This annex describes some patented flow conditioners which can be used upstream of orifice plates and 
the requirements for straight lengths associated with them. It describes the Gallagher flow conditioner 
and NOVA's design of K-Lab perforated plate flow conditioner. It gives the situations in which the flow 
conditioners have passed the conformity test and can be used downstream of any upstream fitting. It 
is not intended that the inclusion of the flow conditioners described here should limit the use of other 
flow conditioner designs which have been tested and proved to provide sufficiently small shifts in 
discharge coefficient. These flow conditioners, available commercially, are given as examples of devices 
which have passed the conformity test. This information is given for the convenience of users of this 
document and does not constitute an endorsement by ISO of these products.

B.2	 Gallagher flow conditioner — Conformity testing

B.2.1	 The Gallagher flow conditioner shown in Figure  B.1 meets the conformity test given in 
of ISO  5167-1:2022, 7.4.1.2 to 7.4.1.7 (significant part of conformity test results can be found in 
References  [13] and [18]) and can be used downstream of any fitting provided that it meets the 
required manufacturing specification (which shall be obtained from the patent holder) and is installed 
in accordance with B.2.3.

B.2.2	 The Gallagher flow conditioner is covered by an existing patent. It consists of an anti-swirl 
device, a settling chamber and lastly a profile device as shown in Figure B.1 a).

The pressure loss coefficient, K, for the Gallagher flow conditioner depends on the manufacturing 
specification of the conditioner; it is approximately equal to 2, where K is given by the following formula:

K
p

V
=

∆ c
1

2

2ρ

where

  Δpc is the pressure loss across the Gallagher flow conditioner;

  ρ is the density of the fluid in the pipe;

  V is the mean axial velocity of the fluid in the pipe.

B.2.3	 Lf, the distance between the orifice plate and the nearest upstream fitting, is at least equal to 
17D. The Gallagher flow conditioner is installed so that Ls, the distance between the downstream end of 
the Gallagher flow conditioner and the orifice plate, is such that

5D ≤ Ls ≤ Lf − 8D

In this location, the Gallagher flow conditioner can be used for β ≤ 0,67.
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If 0,67 < β ≤ 0,75, the location of the Gallagher flow conditioner is more restricted, and Ls is equal to

7D ± D

In this location, the Gallagher flow conditioner has satisfied ISO 5167-1:2022, 7.4.1.7 for β = 0,75.

The distance to a bend (or bend combination) or a tee is measured to the downstream end of the curved 
portion of the nearest (or only) bend or of the tee. The distance to a reducer or expander is measured to 
the downstream end of the curved or conical portion of the reducer or expander.

The locations given in this subclause are acceptable downstream of any fitting. A wider range of 
locations for the Gallagher flow conditioner is permissible if the range of upstream fittings is restricted 
or the overall length between the upstream fitting and the orifice plate is increased or the diameter 
ratio of the orifice plate is reduced. These locations are not described here.

Key

1 anti-swirl device

2 profile device

a Dnom is the nominal pipe diameter.

b Length equal to diameter of raised face.

c 3,2 mm for Dnom = 50 mm to 75 mm tube style
6,4 mm for Dnom = 100 mm to 450 mm tube style
12,7 mm for Dnom = 500 mm to 600 mm tube style
12,7 mm for Dnom = 50 mm to 300 mm vane style
17,1 mm for Dnom = 350 mm to 600 mm vane style.
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d 3,2 mm for Dnom = 50 mm to 75 mm
6,4 mm for Dnom = 100 mm to 450 mm
12,7 mm for Dnom = 500 mm to 600 mm.

e Direction of flow.

a)   Typical arrangement

Key

3 anti-swirl device — tube style option: 19-tube uniform concentric bundle (it may be pin-mounted)

4 anti-swirl device — vane style option: 8 vanes of length 0,125D to 0,25D, concentric with the pipe 
(the device may be placed at the entrance to the meter run)

5 profile device: 3-8-16 pattern (see Note)

NOTE	 The 3-8-16 pattern for a profile device is:

— 3 holes on pitch circle diameter 0,15D to 0,155D; their diameter is such that the sum of their areas 
is 3 % to 5 % of the pipe area;

— 8 holes on pitch circle diameter 0,44D to 0,48D; their diameter is such that the sum of their areas is 
19 % to 21 % of the pipe area;

— 16 holes on pitch circle diameter 0,81D to 0,85D; their diameter is such that the sum of their areas 
is 25 % to 29 % of the pipe area.

b)   Typical components (face views)

Figure B.1 — Gallagher flow conditioner
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B.3	 NOVA's design of K-Lab perforated plate flow conditioner — Conformity 
testing

B.3.1	 NOVA's design of K-Lab perforated plate flow conditioner, known as the K-Lab NOVA flow 
conditioner, shown in Figure B.2 meets the conformity test given in ISO 5167-1:2022, 7.4.1.2 to 7.4.1.6 
(compliance test results can be found in References [13], [19] and [20]) and can be used downstream of 
any fitting provided that it meets the manufacturing specification in B.3.2 and B.3.3 and is installed in 
accordance with B.3.4.

B.3.2	 The K-Lab NOVA flow conditioner consists of a plate with 25  bored holes arranged in a 
symmetrical circular pattern as shown in Figure B.2. The dimensions of the holes are a function of the 
pipe inside diameter, D, and depend on the pipe Reynolds number. The hole locations for ReD ≥ 105 are 
given in B.3.3.

The perforated plate thickness, tc, is such that 0,125D ≤ tc ≤ 0,15D. The flange thickness depends on the 
application; the outer diameter and flange face surface depend on the flange type and the application.

The pressure loss coefficient, K, for the K-Lab NOVA flow conditioner is approximately equal to 2, where 
K is given by the following formula:

K
p

V
=

∆ c
1

2

2ρ

where

  Δpc is the pressure loss across the K-Lab NOVA flow conditioner;

  ρ is the density of the fluid in the pipe;

  V is the mean axial velocity of the fluid in the pipe.

B.3.3	 Hole locations

B.3.3.1	 Provided that ReD ≥ 8 × 105, there are

—	 a central hole of diameter 0,186 29D ± 0,000 77D,

—	 a ring of 8 holes of diameter 0,163D ± 0,000 77D on a pitch circle diameter of 0,5D ± 0,5 mm, and

—	 a ring of 16 holes of diameter 0,120 3D ± 0,000 77D on a pitch circle diameter of 0,85D ± 0,5 mm.

B.3.3.2	 Provided that 8 × 105 > ReD ≥ 105, there are

—	 a central hole of diameter 0,226 64D ± 0,000 77D,

—	 a ring of 8 holes of diameter 0,163 09D ± 0,000 77D on a pitch circle diameter of 0,5D ± 0,5 mm, and

—	 a ring of 16 holes of diameter 0,124 22D ± 0,000 77D on a pitch circle diameter of 0,85D ± 0,5 mm.
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Figure B.2 — The K-Lab NOVA flow conditioner

B.3.4	 Lf, the distance between the orifice plate and the nearest upstream fitting, is at least equal to 
17D. The K‑Lab NOVA flow conditioner is installed so that Ls, the distance between the downstream end 
of the K‑Lab NOVA flow conditioner and the orifice plate, is such that

8,5D ≤ Ls ≤ Lf − 7,5D

The K‑Lab NOVA flow conditioner can be used for β ≤ 0,67.

The distance to a bend (or bend combination) or a tee is measured to the downstream end of the curved 
portion of the nearest (or only) bend or of the tee. The distance to a reducer or expander is measured to 
the downstream end of the curved or conical portion of the reducer or the expander.

The locations given in this subclause are acceptable downstream of any fitting. A wider range of 
locations for the K‑Lab NOVA flow conditioner is permissible if the range of upstream fittings is 
restricted or the overall length between the upstream fitting and the orifice plate is increased or the 
diameter ratio of the orifice plate is reduced. These locations are not described here.
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