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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 EVE qocurr da1nad oSe inmtended fo 0 aifmfenance are
desdribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteriasne¢ded for the
ce with the
e subject of
5. Details of
tion and/or
Any|trade name used in this document is information given for thé tonvenience of users apd does not
congtitute an endorsement.
For pn explanation of the voluntary nature of standards, the meaning of ISO specific| terms and
expijessions related to conformity assessment, as wellbas information about ISO's adherence to
the |World Trade Organization (WTO) principles inZthe Technical Barriers to Trade [(TBT), see
wwyv.iso.org/iso/foreword.html.
ISO $167-2 was prepared by Technical Committe&lSO/TC 30, Measurement of fluid flow in cloged conduits,
Subdommittee SC 2, Pressure differential deyices, in collaboration with the European Committee for
Standardization (CEN) Technical Commijttee” CEN/SS FO5, Measuring instruments, in accodance 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
beer technically revised.
The main changes are as follows:
— prevised maximurirorifice edge thickness is given for f < 0,2;
— h correction has)been made to the required spacing between two 45° bends for which fhe straight
ength upstream of an orifice plate is stated;
— hclearenspecification has been given for the tee for which the straight length upstream pfan orifice
plate is-stated;
— Howr calibration of aorifice platesisincluded;
— there is improved wording of the rules for spacing of multiple fittings but no change in actual
requirements.
Alist 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.
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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 uncalipratedimaccordance with this standard withim specified timitsof pipe size anmd Reyn

number, or

ISO 5167 (3

hlternatively they can be used across their calibrated range.

11l parts) deals with devices for which direct calibration experiments have -been nj

sufficient ip number, spread and quality to enable coherent systems of application_ to be base

their result
provides m

The devices
the pressur
are known
the algorith
devices (seq

Aspects of
ensure that

5 and coefficients to be given with certain predictable limits of uncertainty: ISO 5167
bthodology for bespoke calibration of differential pressure meters.

introduced into the pipe are called primary devices. The term primary device also incl

e tappings. All other instruments or devices required to facilitate\the instrument read
as secondary devices, and the flow computer that receives these readings and perfg
ms is known as a tertiary device. ISO 5167 (all parts) covefs primary devices; secon
[SO 2186) and tertiary devices will be mentioned only aCcasionally.

bafety are not dealt with in ISO 5167-1 to ISO 5167-46..1t is the responsibility of the us
the system meets applicable safety regulations.

olds

ade,
d on
also

udes
ings
rms
dary

Pr to

Vi

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=ed07a7b18b0bb11d230d50d8b9c5e951

INT

ERNATIONAL STANDARD

ISO 5167-

2:2022(E)

Measurement of fluid flow by means of pressure
differential devices inserted in circular cross-section
conduits running full —

This
orifi

flow]

This
conj

This
tap
tap

is ap
fluid
does
the pipe Reynolds numbers are below 5 000.

Scope

document specifies the geometry and method of use (installation and ‘Gperating co
ce plates when they are inserted in a conduit running full to determine the flow rate
ing in the conduit.

inction with the requirements given in ISO 5167-1.

document is applicable to primary devices having anorifice plate used with flan
ings, or with corner pressure tappings, or with D and D/2 pressure tappings. Oth
ings such as “vena contracta” and pipe tappings areiet covered by this document. Thi
plicable only to a flow which remains subsonic.thfoughout the measuring section an
can be considered as single phase. It is not applicable to the measurement of pulsati
not cover the use of orifice plates in pipe sizes less than 50 mm or more than 1 000 m

nditions) of
of the fluid

document also provides background information for calculatinig the flow rate and is applicable in

e pressure
b1 pressure
s document

where the
g flowll, It
m, or where

2 Normative references

The [following documents are referred to in the text in such a way that some or all of their content
condtitutes requirements of this*document. For dated references, only the edition cited ppplies. For
undgted references, the latest edition of the referenced document (including any amendments) applies.
[SO 4006, Measurement-of-fluid flow in closed conduits — Vocabulary and symbols

[SO p167-1, Measureinent of fluid flow by means of pressure differential devices inserted in circular-cross
section conduits runriing full — Part 1: General principles and requirements

ISO $168, Measurement of fluid flow — Procedures for the evaluation of uncertainties

ISO/IEGLGuide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in
meaktirement (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

appl

y.

ISO and [EC 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/
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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, g,,, can be

determined using Formula (1):

m = (—1_ﬁ4

C

sgdz J2App;

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

M

Computati(Jn of the mass flow rate, which is an arithmetic process, can be performed by replacing

different te
Similarly, th
qy

Ay =—]
Vg
where p is

As will be s
Re, (see 1SC

(see ISO 5167-1:2022, Annex A, for guidance regarding the choiceof the iteration procedure and ir

estimates).

The diamet
diameters 3
for any pog
temperatur

It is necess
of a compry
conditions.

5 Orific

5.1 Desc

5.1.1 General

The various
is needed.

'ms on the right-hand side of the basic Formula (1) by their numerical values.

e value of volume flow rate, gy, is calculated from Formula (2):

1

he fluid density at the temperature and pressure for which the velume is stated.

ben later in this document, the discharge coefficient, C, is dependent on the Reynolds nun
5167-1:2022, 3.3.2), which is itself dependent on g, ahd*has to be obtained by iterd

ers d and D used in Formula (1) (since D is required to calculate f) are the values o
it working conditions. Measurements taken-at any other conditions should be corre
sible expansion or contraction of the orifice plate and the pipe due to the values o
e and pressure of the fluid during the measurement.

iry to know the density and the visCosity of the fluid at the working conditions. In the
pssible fluid, it is also necessary to know the isentropic exponent of the fluid at wor
e plates

ription

types of standard orifice meter designs are similar and therefore only a single descrif

Fach type of standard orifice meter design is characterized by the arrangement o
pings.

r the

(2)

hber,
ition
itial

[ the
cted
F the

case
king

tion
[ the

pressure ta

‘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

The axial pl

Limits of use are given in 5.3.1.

ane 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.

2
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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

presrm&pmmmm&ﬂammm_plmmgswﬁmeport are
sufficient to prevent bending or buckling.

NOTE Further information is given in ISO/TR 9464:2008, 5.2.5.1.2.3.
3

%

~—2

Y,
¢ d
|
i
|

Key
1pstream face A
Hownstream 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,

©1S0 2022 - All rights reserved 3
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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.

1

3 L

Key
1  orifice pjlate outside diameter
2 pipe ins]de diameter, D
3 straightfedge
4  orifice
5 departute from flatness (measured at edge of orifice)

Figure 2 — Orifice plate-flatness measurement
5.1.3.2

circle of di

the upstrea
If, under wq
cleaned to 4

5133 W
plate is inst
direction of

The upstream face of the orifice plate shall havé a roughness criterion Ra < 10~4d within a
eter not less than D and which is concentric with the orifice. In all cases, the roughness of

face of the orifice plate shall not be such that it affects the edge sharpness measure
rking conditions, the plate does notfulfil the specified conditions, it shall be repolishg
diameter of at least D.

here possible, it is useful toprovide a distinctive mark which is visible even when the o
alled to show that the upstieam face of the orifice plate is correctly installed relative t
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 Althoughiit may be convenient to manufacture the orifice plate with the same surface fj

on each fac
the upstrea

e, it is'unnecessary to provide the same high-quality finish for the downstream face a

ent.
dor

ifice
the

nish
s for

im face (see Reference [S5]: but also see 51 9)

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

5.1.5 Thi

cknesses 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.

© IS0 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 IfD =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. Angle of bevel, o

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

5.1.6.2 The angle of bevel, a, shall be 45° + 15°.
5.1.7 EdgesG,Hand]I

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

NOTE Aburr is a small sharp piece of metal typically left behifid after a manufacturing process]A wire-edge
is a Qurr 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
0,00p 4d.

If d 3 25 mm, this requirement can generally be'considered as satisfied by visual inspection, py checking
thatfthe edge does not reflect a beam of lightihen viewed with the naked eye.

If d g 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 whetlier this requirement is met, the edge radius shall be measurgd.

5.1.7.3 The upstream edge shall be square; it is considered to be so when the angle Hetween the
orifite bore and the upStyeam 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
requirementsfor their quality are less stringent than those for edge G. This being the case, small defects
(for pxample, a single nick) are acceptable.

5.1.%5 Yatrtousstratnoreonformitiesto-the-shat 1% et Cdsc G, strehas-a-smatniekoerpartial 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,
B =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 f may be chosen by the user.

© IS0 2022 - All rights reserved 5
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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 I[f|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 tw( faces shall comply with the specifications for the upstream face given in 5.1.3;

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

d) the twd edges of the orifice shall comply with the specifications for the upstream edge specifi¢d in
5.1.7.

5.1.9.2 Fyrthermore, for orifice plates with D and D/2-tappings (see 5.2), two sets of upstream| and
downstrear pressure tappings shall be provided and.uised 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 orfifice plate, atlfeast one upstream pressure tapping and one downstream pressure tapping
shall be installed in.ong 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 platéshal-be-offsetby-atleast30%

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 [ 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.

6 © IS0 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, I;, 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, I, 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 f < 0,6;

— between 0,49D and 0,51D when > 0,6.

Both

I1 and IZ spacings are measured from the upstream face of the arifice pl;\fp

5.2.

tapping is nominally 25,4 mm and is measured from the upstream face of the orificeplate.

The
dow

The{
alte]

5.2.
poss

5.2.
intel
edgd
mea
appd
closé

5.2.
may

5.2.

No 1
to p|
dow|

2.3 For orifice plates with flange tappings (see Figure 3), the spacing I; of the upstreq

spacing 1'2 of the downstream pressure tapping is nominally 25,4 mm afd is measur
nstream face of the orifice plate.

e upstream and downstream spacings [; and I'2 may be within-the following rang
ing the discharge coefficient:

5,4 mm + 0,5 mm when > 0,6 and D < 150 mm;

5,4 mm * 1 mm in all other cases, i.e. < 0,6, or §>0,6;but 150 mm <D <1 000 mm.

2.4 The centreline of the tapping shall meet'the pipe centreline at an angle as neg
ible, but in every case within 3° of the perpendicular.

P.5 At the point of break-through, theé hole shall be circular. The edges shall be flu

m pressure

bd from the

res without

r to 90° as

sh with the

nal surface of the pipe wall and as sharp as possible. To ensure the elimination of all b

ar inside the connecting hole, on the edges of the hole drilled in the pipe wall or on t
 to the pressure tapping.

I'TS Or wire

s at the inner edge, rounding is permitted but shall be kept as small as possible and, where it can be
sured, its radius shall be less than/one-tenth of the pressure tapping diameter. No irregiilarity shall

e pipe wall

and 5.2.2.5

P.6 Conformity of-.the pressure tappings with the requirements specified in 5.2.2.4
be judged by visualinspection.

2.7 The dianteter of pressure tappings shall be less than 0,13D and less than 13 mm.

estrictiony is placed on the minimum diameter, which is determined in practice b
revent~accidental blockage and to give satisfactory dynamic performance. The up
nstream tappings shall have the same diameter.

y the need
stream and

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.

© IS0 2022 - All rights reserved
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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.

1 1

o0
|
|
|
|
|
|
|
|
|
|
|
|
|
}
T
od

Key
D and D)2 pressure tappings
flange tdppings

a  Directioh of flow.

b ,=D+9,1D

¢ 1,=0,50+0,02Dfor $<0,6

0,501+ 0,01D for > 0,6

I, = I, =|(25,4 + 0,5) mm for #> 0,6 and D < 150 mm
(25,4 +1) mm for f< 0,6
(25,4 £ 1) mm for > 0,6 and 150 mm < D <1000 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 Tle spacing betweenthe centrelines of the tappings (see Figure 4) and the respective faces
of the plate is equal to hdlf)the diameter or to half the width of the tappings themselves, so that the
tapping holgs break throtigh the wall flush with the faces of the plate (see also 5.2.3.5).

8 © IS0 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.

g
3
¢j
\\ -~ L
7 3 /
R
=
s
1 s
e Q| v _ 4 )L
el ®©
a
2 .
c c
/5
¢a
-

Key
1  Ffarrier ringwith annular slot f thickness of the slot
2 ndividual tappings ¢ length of the upstream ring
3  préssure 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:

— for3<0,65:0,005D <a<0,03D;

— forf>0,65:0,01D<a<0,02D.

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

For any Va:t:s of B

— forcle

fluids: 1 mm < a < 10 mm;

— for vappurs, in the case of annular chambers: 1 mm < a < 10 mm;

— for vappurs 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 tp the
original oriffce runs on which the discharge coefficient is based. For vapours and-for liquefied gases, there

are pipe diafneters for which it is not possible to manufacture a system using single corner tappings that|is in
conformity with this document.

in continuify. If not, each annular chamber shall connect withkthe inside of the pipe by at least|four
openings, the axes of which are at equal angles to one another@nd the individual opening area of which
is atleast 12 mm?2.

5.2.34 TIe annular slots usually break through the pipe overithe entire perimeter, with no break

5.2.3.5 Iffindividual pressure tappings, as shown in-Figure 4, are used, the centreline of the tappgings
shall meet the centreline of the pipe at an angle as:iear to 90° as possible.

If there ard 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 circulatr and cylindrical over a length of at least 2,5 times the intdrnal
diameter of|the tappings measuyped from the inner wall of the pipeline.

The upstregm and downstreanmpressure tappings shall have the same diameter.

5.2.3.6 The internalidiameter b of the carrier rings shall be greater than or equal to the diameter D

of the pipe,|to ensurethat 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_—Dx-:_x1 00 < 01

D D 0,1+2,38%

(3)

The lengths c and ¢’ 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).

10 © IS0 2022 - All rights reserved
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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 ¢rifice plates with corner or with D and D/2 pressure tappings:
— H=12,5mm;

— bPOmm<D<1000mm;

— DP1<p<0,75;

— Rep 25000 for0,1<p<0,56;

— Rep 216 000 B2 for § > 0,56.

For ¢rifice plates with flange tappings:

— H=12,5mm;

— POmm<D<1000mm;

— DP1<p<0,75;

— PBoth Rep, 25000 and\Re;, > 170 2D where D is expressed in millimetres.

Table 1 — Maximum value of 104Ra/D

Rep

/ <104 3 x 104 10° 3 x10° 106 3 x 106 107 3 x 107 108
<(,20 15 15 15 15 15 15 15 15 15
ol30 15 15 15 15 15 15 15 14, 13
0,40 15 15 10 7,2 5,2 4,1 3,5 31 2,7
0,50 11 77 49 3,3 2,2 1,6 1,3 1,1 09
0,60 5,6 4,0 2,5 1,6 1,0 0,7 0,6 0,5 0,4
20,65 4,2 3,0 19 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 10%Ra/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

©1S0 2022 - All rights reserved 11
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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 10*Ra/D (where one is required)

Rep,

d <3 x 106 107 3 x 107 108
<0,50 0,0 0,0 0,0 0,0
0,60 0,0 0,0 0,003 0,004
20,65 0.0 0,013 0.016 0,012

The roughrjess shall meet requirements given in Tables 1 and 2 for 10D upstream of the orifice'd

The roughn
roughness i

For exampl
— lpms
— 1,5um

Where D is
Tables 1 an

5.3.2 Codfficients

5.3.2.1 Djscharge coefficient, C

The discharge coefficient, C, is given by the Reader-Hatris/Gallagher (1998) equation[2I[10];

€=0,59

4
(0,04310,080e™%1 —0,123¢71 }(1=0,114) b

Where D <
expressed i

+0,011

In these for

B (= d/D)

Rep
Ly (=14,/D)

L (=1%/D)

Ml

ess requirements relate to the orifice fitting and the upstream pipework. The downst
S not as critical.

e, the requirements of this section are satisfied in either of the following caSes:
Ra < 6 pm, D =2 150 mm, $< 0,6 and Re,, < 5 x 107;
< Ra <6 pm,D =150 mm, 8> 0,6 and Re, < 1,5 x 107.

ess than 150 mm, it is necessary to calculate the maximum-aid minimum values of Ra y
1 2.

to°p | 106 \?
6 1+0,026 1% 0,216 8% +0,000 524} =—= | +(0,018 8+0,006 34)83°| — | +
Rep Rep

' 1,1\ p1.3

— ~0,031(M, —0,8M,"" ) B
71,12 mm (2,8 in),(the following term shall be added to Formula (4), with diamet
h millimetres:

D
(0,75—ﬁ)[2,8—mj

mulae

late.
eam

sing

(4)

er D

is the diameter ratio, with the diameters d and D expressed in millimetres;

is the Reynolds number calculated with respect to D;

is the quotient of the distance of the upstream tapping from the upstream face of the plate and

the pipe diameter; and

is the quotient of the distance of the downstream tapping from the downstream face of the plate
and the pipe diameter (L, denotes the reference of the downstream spacing from the downstream
face, while L, would denote the reference of the downstream spacing from the upstream face);

2Ly

0,8
A=(19 000[3]

12

Rep
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The values of L; and L', 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:

Ll = L’Z = O
— for D and D/2 tappings:
Ll = 1
L’Z = 0,47
— for flange tappings:
25,4
= L’ = /=
Li=l7=—)
where D is expressed in millimetres.

Forrhula (4) is only valid for the tapping arrangements specifieddn 5.2.2 or 5.2.3. In partict
perrhitted to enter into the equation pairs of values of L; and{% which do not match one
standardized tapping arrangements.

Forrhula (4), as well as the uncertainties given in 5.3.3, is*only valid when the measureme

thel
ISO

imits of use specified in 5.3.1 and the general installation requirements specified in Cla
b167-1.

Valups of C as a function of 5, Rej, and D are givenfor convenience in Tables A.1 to A.11. Thes
not

tended for precise interpolation. Extrapolation is not permitted.

5.3.2.2 Expansibility [expansion]Hactor, ¢

For the three types of tapping arrangement, the empirical formulalll for computing the e

[exp

NOT

3]

or
3

=

‘SJ"

)

Valu

hnsion] factor, ¢, is as follgws:
1/x
3:1—(0,351+0,256[34+0,93[38)[1—[p—2) ]
pP1

) piand Ap-afe usually measured: p, = p; - Ap.

hula (5)s applicable only if p,/p; = 0,75, and only within the range of the limits of use

s7of the expansibility [expansion] factor as a function of the isentropic exponent, t}

lar, it is not
bf the three

nt meets all
lise 6 and in

e values are

kpansibility

(5)

specified in

e 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 B, D, Re;, and Ra/D are assumed to be known without error, U,C ,

the relative expanded uncertainty of the value of C at k = 2 (approximately 95 % confidence level), is
equal to:

© IS0 2022 - All rights reserved
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— 07-H)% for0,1<$<0,2;
— 0,5% for 0,2 <3<0,6;
— (1,667 5-0,5)% for 0,6 < $<0,75.

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

D
+0,9(0,75-)| 2,8—- %
( ﬁ)[ . J :

Ifﬁ > 0,5 ang )
to the abov¢ values:

+0,5 9
5.3.3.2 Upcertainty of expansibility [expansion] factor ¢
When B, Ap[p; and k are assumed to be known without error, U; the relativetexpanded uncertainty of
the value ofle at k = 2 (approximately 95 % confidence level), is given by Formula (6):

3,5-2P 1y, 6)

KD1
5.4 Pressure loss, Aw
5.4.1 The|pressure loss, Aw, for the orifice plates described in this document is approximately relfated
to the diffeffential pressure Ap by Formula (7)
\/1—;34 (1-¢?)-cp?
AD =—F————= Ap (7)
\/1—/34 (1-¢?)+cp?
This pressyre loss is the difference imstatic 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 presjsure
adjacent to the plate is still negligible (approximately D upstream of the orifice plate), and that measpired
on the dowpnstream side of thie“orifice plate, where the static pressure recovery by expansion of the
jet may be ¢onsidered as justicompleted (approximately 6D downstream of the orifice plate). Figure 5
shows the gressure profile.through an orifice metering system.
5.4.2 Asimpler butless accurate value of Aw/Ap is
Ap
5.4.3 The pressure loss coefficient, K, for the orifice plate (see Reference [12]) is
4 2 3
1-p*(1-¢?)
K= > -1
cp

where K is defined by the following formula:

K= : AD

2
—pV
5 Pt

14
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L

T T~—rT T~—o—T T

| L

L
Aw'

Key
blane of upstream flange pressure tappings
blane of downstream flange pressure tappings
plane of “vena contracta” (highest velocities)
blane of temperature probe

becondary flow regions

thermometer pocket'or well

bressure tappings

pressure distpibution on the wall

O 0 N O U1 A W N -

mean temperature distribution

Rigure 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 sped

6.2.2 Wh
the minimu
upstream v

6.2.3 Wh
of Table 3 fi
coefficient {

6.2.4 Wh
to “zero ad
additional v
uncertainty
coefficient.

6.2.5 Thi
a) straigh
Table 3

b)
uncertd

6.2.6 The
recommend
plate. Isolat]
be full bore
valve show
bore diame

6.2.7 Int

ifled fittings in the installation without flow conditioners are given in Table 3.

en a flow conditioner is not used, the lengths specified in Table 3 shall be regarde
m values. For research and calibration work in particular, it is recommended that

r “zero additional uncertainty”, it is not necessary to increase the uncertainty in disch
o take account of the effect of the particular installation.

en the upstream or downstream straight length is shorter than the value correspon|
litional uncertainty” shown in Columns A and eitheryequal to or greater than the “0
ncertainty” value shown in Columns B of Table 3for a given fitting, an additional rel
of 0,5 % shall be added arithmetically to the relative expanded uncertainty of the disch|

5 document cannot be used to predict theyvalue of any additional uncertainty when eith|

I lengths shorter than the “0,5 %.additional uncertainty” values specified in Columns
are used, or

both the upstream and downstream straight lengths are shorter than the “zero additi

inty” values specified in-Columns A of Table 3.

valve shown in Table“3 shall be set fully open during the flow measurement process.
ed that control ©f the flow rate be achieved by valves located downstream of the of
ing valves located upstream of the orifice plate shall be set fully open, and these valves
. The valve.should be fitted with stops for alignment of the ball in the open position.
n in Tablé 3'is one which is of the same nominal diameter as the upstream pipe, but w
Fer is such that a diameter step is larger than that permitted in 6.4.3.

he-metering system, upstream valves which are match bored to the adjacent pipework

d as
the

hlues specified in Table 3 be increased by at least a factor of 2 to minimize the measureinent
uncertainty.

bn the straight lengths used are equal to or longer than the valu€s-specified in Columins A

arge

ding
5%
htive
arge

B of

onal

It is
ifice
shall
The
hose

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)

b)

d)

18

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:

1y

2)

3)

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
apjjropriate for the Specific orifice plate diameter ratio used with titting 1.

Befween fitting 1 and fitting 2 (the next fitting upstream of the orifice plate), there(shall|be a
strpight length greater than or equal to half the minimum length given in Table 3-forvan otjifice
plafe 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 dither of the minimum straight lengths is selected from Column_B-{i‘e. prior to taking the
halff value from fitting 1 to fitting 2 of Table 3), a 0,5 % additional relative uncertainty shdll be
added arithmetically to the relative expanded uncertainty of the discharge coefficient.

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

The required length between the valve and fitting 2 (as calculated from 2)) should be add¢d to
thelength between the orifice plate and fitting 1 specified in Table 3; see Figure 6. 6.2.8 b) $hall
alsp be satisfied (as it is in Figure 6).

Betwegn the orifice plate and any upstream fitting (treating any two consecutive 90° bends|as a
single fiitting), the straight length shall be gréater than or equal to the minimum length givén in

Table
diameter upstream of the orifice plate isused to calculate this minimum length.

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

appropriate for the specific orifice plate diameter ratio used with that fitting. The [pipe

If, for dny upstream fitting, the distance meets this requirement using the number of diamégters
in Column B but not that inColumn A, then a 0,5 % additional relative uncertainty shall be aglded
arithmetically to the discharge coefficient relative expanded uncertainty. However, this additional

uncertginty shall not bé-added more than once under the provisions of a) and b).

It is strjongly recommended that a flow conditioner (see ISO 5167-1:2022, 7.4) should be installed
downsfream of @ 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

distortjonf'the flow profile and a high probability of swirl.

When fittimg—2-fora more distant fitting) s a combimationr of berds; themr imapptyimg-Tabte3 the
separation between the bends is calculated as a multiple of the diameter of the bends themselves.
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.

140 140

\'\)
e

28D

Key
bxpander

full bore ball valve or gate valve fully open
brifice plate

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

6.2.9 By way of example, three cases-of the application of 6.2.8 a) and b) are considefed. In each
case} fitting 2 is two bends in perpendictlar planes (the separation between the bends is 10 times the
dianpeter of the bends) and the orificeplate has diameter ratio 0,4.

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

If the ball valve haslength 1D, an additional total length of 9D is required, which may be eithér upstream
whnstreani of the valve, or partly upstream and partly downstream of it. The instfructions in
a) 3) could also be used to move the valve to be adjacent to the two bends in perpendi¢ular planes
proyided that there is at least 44D from the orifice plate to the two bends in perpendicular|planes [see

6.2.9.2 Iffitting 1 is areducer 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 x 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 x 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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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 somepdtented 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°déscribe thle situations
in which the 19-tube bundle flow straightener (1998) and the Zanker flow conditioner platecan be used
dowpstream of any fitting; 6.3.2.3 describes some additional situations in_which the 19-fube bundle
flow[straightener (1998) may be used to reduce the required upstream.ength.

Annex B describes some flow conditioners which can be used upstream of orifice plates and the
reqyirements for straight lengths associated with them. It is notintended 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 cylindrjical pattern
as in Figure 8.

In order to reduce the swirl that can occur between the exterior tubes of the 19-tube hundle flow
strajghtener (1998) and thewall of the pipe, the maximum outside diameter of the flow strajghtener, Dy,
shall satisfy

95D < D;<D

The Jength, L, ofthe 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 1S '\nrnccarv forallthe tubesinthe tube hundletobe of uniform cmnnﬂnnncc outerdiame er and Wal]

thickness. The individual tube wall thickness of the 19-tube bundle flow stralghtener (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.

L
Key
1 minimized gap
2 pipe wall
3 tube wall thickness
4  centring spacer options (typically four places)
a

Dy is thelflow straightener outside diameter.

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

6.3.2.1.4 [Pressure loss

The pressufte 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):

Ap
T C_z (8)
—poV
> p

K=

where

Ap. is thepressure loss across the 19-tube bundle flow straightener (1998);

p isthe 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 permltted locatlons for the 19 tube bundle flow stralghtener (1998) depend on L; the distance

e 4 provides the permitted location range and the recommended location forithe 19-{

L sh

are
bun

and

The

Ane

6.3.

isin
in ag

the

6.3

a)

ttl
If, fo

shoyf

.2.3.3 An additional relative uncertainty of 0,5 % shall be added arithmetically to
exp4

CITO O1
jon of the nearest (or only) bend or of the tee or the downstream end of the CUFVE(
ion of the reducer or expander.

straightener (1998) for two ranges of Lg:
BOD > L¢> 18D, and
.= 30D.

all be greater than or equal to 18D. The locations for the 19¢tube bundle flow straight
lescribed in Table 4 in terms of the straight lengths between the downstream end of
e flow straightener (1998) and the orifice plate.

a particular upstream fitting, an orifice plate diameter ratio and a value of L, there ig

., is not recommended. In this case, an increase in Lyand/or a reduction in f is necessa

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

xample of the use of Table 4 is given.in 6.3.2.4.

2.3.2 When the straight length‘between orifice plate and 19-tube bundle flow straight]
accordance with the values specified in Columns A of Table 4 and the downstream str
cordance with Column A of\Fable 3 for “zero additional uncertainty”, it is not necessary
uncertainty in dischargé coefficient to take account of the effect of the particular install

nded uncertaintyin the discharge coefficient when either:

hccordaticeé with the value corresponding to “zero additional uncertainty” shown in Co
n acecordance with the value corresponding to “0,5 % additional uncertainty” shown iy

pf Table 4; or

the curved
1 or conical

ube bundle

ener (1998)
the 19-tube

no location

Un in Table 4 for a 19-tube bundle flow straightener’ (1998), then an installation with this fitting, 8

Fy.

ener (1998)
hight length
to increase
ation.

the relative

the straight-length between orifice plate and 19-tube bundle flow straightener (1998) is not in

umns A but
Columns B

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)

b)

the straight length between orifice plate and 19-tube bundle flow straightener (199

8) is not in

accordance with the value corresponding to “0,5 % additional uncertainty” shown in Columns B of

Table 4; or

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 comparisan with the 42D required (cpp Tabhle '2) if no flow conditioner is used_Either an installation
asin 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 P b)]
which giveq a shorter straight length required downstream of the bend but a straight length-required
upstream df the bend. If the upstream straight length from the orifice plate to the bend is greater
than or eqyal to 30D, Table 4 can also be used to provide a wider range of tube bundle locationg but
since these(locations will rarely be required in designing installations these options.are not shown in

Figure 9.

1 30
L 20 130 +0,250

=300

a) Installation using 6.3.2.2.2

150

30 130
2D 120

300
180

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 platel1] 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 holés

asy
and

a)
b)
‘)
d)
e)
The

The
appl

hall be as follows:

h ring of 4 central holes of diameter 0,141D * 0,001D on a pitch circle diameter of 0,25D

h ring of 4 holes of diameter 0,136 5D = 0,001D on a pitch circle diameter of 0,75D + 0,0
h ring of 8 holes of diameter 0,110D * 0,001D on a pitch circle diameter of 0,85D + 0,008
h ring of 8 holes of diameter 0,077D + 0,001D on a pitch eircle diameter of 0,90D + 0,009
tolerance on the diameter of each hole is +0,1 mm fox\D'< 100 mm.

perforated plate thickness, t, is such that 0,120 ¢, < 0,15D. The flange thickness dep

)y o

arranged in

metrical circular pattern. The dimensions of the holes are a function of the pipe insidel diameter D

+ 0,002 5D;

h ring of 8 holes of diameter 0,139D * 0,001D on a pitch circle diameter'of 0,56D + 0,003 6D;

7 5D;
5D;
D.

ends on the

jcation; the outer diameter and flange face surfaces depend on the flange type and application.

D/8

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):

A
K=t ©
Z V2
> P
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where

Ap,

p
%4

6.3.3.3

is the pressure loss across the Zanker flow conditioner plate;
is the density of the fluid in the pipe;

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

Installation

Ly, the distance between the orifice plate and the nearest upstream fitting, shall be atleast equal to 17D.

The Zanken
face of the ¢

7,5D < I),

The Zanker

The distand
portion of t
the downst

flow conditioner plate shall be installed so that L, the distance between the downst
onditioner plate and the orifice plate, is such that

<L-8,5D

flow conditioner plate can be used for < 0,67.

e to a bend (or bend combination) or a tee is measured to the downstream end of the cu
he nearest (or only) bend or of the tee. The distance to a reduceronrexpander is measury
Feam end of the curved or conical portion of the reducer or the €xpander.

The locatioqs in this subclause are acceptable downstream of any fitting. A wider range of location

the Zanker
overall leng
the orifice

6.4 Circy

NOTE G

6.4.1 The
there is one
in any plang
measureme

6.4.2 The
0,5D upstreg
mean of me
equal angle
a length of
being in th

flow conditioner plate is permissible if the range of upstream fittings is restricted o1
th between the upstream fitting and the orifice plate’is increased or the diameter rat
late is reduced. These locations are not described here.

larity and cylindricality of the pipe

nidance is provided in ISO/TR 9464:2008, 5:2.6.4.

eam

rved
bd to

s for
" the
io of

2D length of the upstream pipe section adjacent to the orifice plate (or to the carrier ring if

shall be manufactured with speecial care and shall meet the requirement that no diamn

eter

e in this length shall differ byrmore than 0,3 % from the mean value of D obtained fron the

nts specified in 6.4.2.

value for the pipe diameter D shall be the mean of the internal diameters over a leng
am of the upstreamypressure tapping. The internal mean diameter shall be the arithn
hsurements ofat least twelve diameters, namely four diameters positioned at approxim
s to each other distributed in each of at least three cross-sections evenly distributed
D,5D, two-ef'the sections being at distance 0D and 0,5D from the upstream tapping and
e plane-of‘the weld in the case of a weld-neck construction. If there is a carrier ring

th of
hetic
htely
over
one
(see

Figure 4), this value of 0,5D shall be measured from the upstream edge of the carrier ring.

6.4.3 Beyond ZD from the orilfice 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

sped
not ¢
pipe|
fitte
exar

6.4.4
exp4
excel

and

whe

the ypstream edge of the recess formed by the carrier ring.

6.4.
than

6.4.6 No diameter oftthe’ downstream straight length, considered along a length of at le

the
leng
leng

ified in 6.4.2. Moreover, the actual step caused by misalignment and/or change in dia
exceed 6 % of D at any point of the internal circumference of the pipe. On each sid€ ofA4]
shall have a diameter between 0,94D and 1,06D. The first location where an expand
d in accordance with Column 10A of Table 3 depends on the diameter ratio of the orifi
hple, it is 26D from the orifice plate if § = 0,6.

L  An additional relative uncertainty of 0,2 % shall be added arithmetically to {
nded uncertainty for the discharge coefficient if the diameter step>(AD) between any t

s

—+0,4

A—D<0,002
D

0,1+2,38%

§<0,05
D

Fe s is the distance of the step from the upstream pressure tapping or, if a carrier ring if

If a step is greater thanany one of the limits given in the inequalities above or if th
one step outside the limitsin 6.4.3, the installation is not in accordance with this docu

b

hpstream face of-the orifice plate, shall differ from the mean diameter of the upstre
th by more than3 %. This can be judged by checking a single diameter of the downstre]
th. Mating flanges would require the bores to be matched and the flanges aligned on

meter shall
he step, the
er could be
ce plate: for

he relative
Wo sections

eds the limits given in 6.4.3 but complies with the following relatiofniship given by Formfula (10):

(10)

used, from

ere is more
ment.

hst 2D from
hm straight
am straight
nstallation.

Dowlels 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 e. 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.

e. the component in the direction parallel to the pressure tapping, shall for each pressure tapping be
such that
0,0025D
1= 4
“70,1+2,38*
e, the component in the direction perpendicular to the pressure tapping, shall for each pressure
tapping be such that
0,005D
een S——7
0]1+2,38
If, for one of more pressure tappings,
0,0025D 0,005D
aa <l S
0,1+2,B8 0,1+2,38

an addition
uncertainty
the above iy

In the case

either e ) o
this documyg

6.5.4 Wh

at any point.

6.6 Meth

6.6.1 The
in the propg

It is necessd

6.6.2 Gas
any point iy
shall be as t
5.2.

al relative uncertainty of 0,3 % shall be added arithmetically: to the relative expal
in the discharge coefficient C. This additional uncertainty shall only be added once ey
jequality holds for several pressure tappings.

where, for any pressure tapping,
. 0,005D
" 0,1+2,38*

bnt gives no information for predicting any additional uncertainty due to lack of concentr

bn carrier rings are used, they shall be centred such that they do not protrude into the

od of fixing and gaskets

method of fixing and-tightening shall be such that once the orifice plate has been inst
I position, it remajns-so.

ry to allow forthe thermal expansion of the orifice plate to avoid buckling and distorti

kets or sealing rings shall be made and inserted in such a way that they do not protru
side thepipe or across the pressure tappings or slots when corner tappings are used.
hinaspossible, with due consideration taken in maintaining the relationship as specifi

nded
en if

city.

pipe

hlled

p1.

e at
[hey
bd in

6.6.3
protrude in

side the annular chamber.

7 Flow calibration of orifice meters

7.1 General

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

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.

30
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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 etermine the chaice of test facility

7.2 | Test facility

The prifice meter shall be calibrated in such a manner as to ensure appropriate traceability|for the user

of thle orifice meter for the intended application.

L
[
M

NOT For guidance on what might be appropriate, ISO/IEC 1702541 is appljcable.

7.3 | Meter installation

The
leng

orifice meter should be installed with, as a minimum, the\upstream and downstre
ths specified in Clause 6.

hm straight

If the orifice meter is to be used with a flow conditiori€ra package consisting of at least 4D of pipe
upstiream 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 bg calibrated.

The prientation of the orifice meter is irrelevant:

y from the
nted at the

If the orifice meter in operation will be*installed in pipe work that differs significant
installation guidelines in this documeng, the operational pipe design should be replic
calijration facility in order to reducethe uncertainty of the orifice meter in its installation.

7.4 | Design of the test programme

The
is ex

prifice meter should be ¢alibrated, as a minimum, over the entire Reynolds number rang
pected to see in operational service. The number of test points (i.e. nominal Reynol

at which data are cellected) shall be appropriate for the metering application. The test

calil

rate the orifi¢e)meter using liquid or gas, or both liquid and gas in separate tests t

e the meter
s numbers
facility can
o cover the

reqyired ReynoldSnumber range.

The
muld
calil

e meter has
ation of the

calibration data of an orifice meter are not transferrable to another orifice meter. If th
iple sets of tappings, each set shall be calibrated as if it were a separate meter. Extrapo
ration 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 p’“'hf of the flow calibration The uncertaintvin the flow moacuroamaont chall he coamn ted
THe O e—ro Vv oot e ce oty T SO W edour e e ne—ona— o e coHP

from this dpta utilizing a method detailed in either ISO 5168 or ISO/IEC Guide 98-3. Both the ‘chpsen
method and the results shall be recorded in the calibration report.

Where both liquid and gas tests are separately used to cover the Reynolds numbet, range/ the
uncertaintigs of each test facility for the relevant test points shall be clearly detaileddn‘\the calibration
report.

7.6.3 Un¢ertainty 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 takeif.at each Reynolds numbe}, an
appropriatg statistical methodology shall be used, as, for instance,{standard deviation should only be
used for larger data sets.
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(informative)
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Tables of discharge coefficients and expansibility [expansion]
factors

Tjable A.1 — Orifice plate with corner tappings — Discharge coefficient, C, for D 2\7[1,12 mm

Dianm-
etel Discharge coefficient, C, for Re;, equal to
rati

p 5x103 | 1x10% | 2x10% | 3x10% | 5x10% | 7x10% | 1x105 | 3x105 | 1x10° ([~1'x 107 | 1x 108 o

0,1d 0,6006 | 0,5990 | 0,5980 | 0,5976 | 0,5972 | 0,5970 | 0,5969 | 0,5966 | 0,5965 | 0,5964 | 0,5964 | 0,596 4
0,17 0,6014 | 0,5995 | 0,5983 | 0,5979 | 0,5975 | 0,5973 | 0,5971 | 0,5968 | 90,5966 | 0,5965 | 0,5965 | 0,596 5
0,14 0,6021 | 0,6000 | 0,5987 | 0,5982 | 0,5977 | 0,5975 | 0,5973 | 0,596 9\[.0,5968 | 0,5966 | 0,59p6 | 0,5966
0,14 0,6028 | 0,6005 | 0,5991 | 0,5985 | 0,5980 | 0,5978 | 0,5976 | 0,5971%| 0,5969 | 0,5968 | 0,5968 | 0,5968
0,14 0,6036 | 0,6011 | 0,5995 | 0,5989 | 0,5983 | 0,5981 | 0,5978 |[-0y5974 | 0,5971 | 0,5970 | 0,597 0 | 0,5969
0,20 0,6045 | 0,6017 | 0,6000 | 0,5993 | 0,5987 | 0,5984 | 0,5984)| 40,5976 | 0,5974 | 0,5972 | 0,592 | 0,5971
0,27 0,6053 | 0,6023 | 0,6005 | 0,5998 | 0,5991 | 0,5987 | 0,5985 | 0,5979 | 0,5976 | 0,5974 | 0,597 4 | 0,597 4
0,24 0,6062 | 06030 | 0,6010 | 0,6002 | 0,5995 | 0,5991 |,.0,5988 | 0,5982 | 0,5979 | 0,5977 | 0,597 6 | 0,597 6
0,24 0,6072 | 06038 | 0,6016 | 0,6007 | 05999 | 0,5996\ > 0,5992 | 0,5986 | 0,5982 | 0,5980 | 0,599 | 0,5979
0,29 0,6083 | 0,6046 | 0,6022 | 0,6013 | 0,6004 | 0,6800 | 0,5997 | 0,5990 | 0,5986 | 0,5983 | 0,592 | 0,5981
0,3( 0,6095 | 0,6054 | 0,6029 | 0,6019 | 0,6010 |\€6005 | 0,6001 | 0,5994 | 0,5989 | 0,5986 | 0,595 | 0,598 4
0,3 06107 | 0,6063 | 0,6036 | 0,6026 | 0,6016Y| 0,6011 | 0,6006 | 0,5998 | 0,5993 | 0,5990 | 0,5988 | 0,5987
0,34 0,6120 | 0,6073 | 0,6044 | 0,6033 | 06022 | 0,6017 | 0,6012 | 0,6003 | 0,5998 | 0,5993 | 0,59p2 | 0,5991
0,34 0,6135 | 0,6084 | 0,6053 | 0,604 0~\0,6029 | 0,6023 | 0,6018 | 0,6008 | 0,6002 | 0,5997 | 0,59p6 | 0,599 4
0,39 0,6151 | 0,6096 | 0,6062 | 0,6049°| 06036 | 06030 | 06024 | 0,6013 | 0,6007 | 0,6001 | 0,5999 | 0,5998
0,4( 0,6168 | 0,6109 | 0,6072 | 6058 | 0,6044 | 0,6037 | 0,6031 | 0,6019 | 0,6012 | 0,6006 | 0,6003 | 0,6001
0,47 0,6187 | 0,6122 | 0,6083 |~0,6067 | 0,6052 | 0,6044 | 0,6038 | 0,6025 | 0,6017 | 0,6010 | 0,6007 | 0,6005
0,44 0,6207 | 06137 | 06094 | 06077 | 06061 | 0,6052 | 0,6045 | 0,6031 | 0,6022 | 0,6014 | 0,601 | 0,6008
0,44 0,6228 | 0,6152 {06106 | 0,6087 | 0,6070 | 0,6061 | 0,6053 | 0,6037 | 0,6027 | 0,6019 | 0,605 | 0,6012
0,49 0,6251 | 0,61697})0,6118 | 0,6098 | 0,6079 | 0,6069 | 0,6061 | 0,6043 | 0,6033 | 0,6023 | 0,609 | 0,6015
0,5( 0,6276 | 046186 | 0,6131 | 0,6109 | 0,6088 | 0,6078 | 0,6069 | 0,6050 | 0,6038 | 0,6027 | 0,60R2 | 0,6018
0,51 0,6289 09,6195 | 0,6138 | 0,6115 | 0,6093 | 0,6082 | 0,6073 | 0,6053 | 0,6040 | 0,6029 | 0,604 | 0,6019
0,57 0,630-2n] 0,6204 | 0,6144 | 0,6121 | 0,6098 | 0,6087 | 0,6077 | 0,6056 | 0,6043 | 0,6030 | 0,605 | 0,6020
0,53 @2,6316 | 06213 | 0,6151 | 0,6126 | 0,6103 | 0,6091 | 0,6080 | 0,6059 | 0,6045 | 0,6032 | 0,60R6 | 0,6021
0,54 0,6330 | 0,6223 | 0,6158 | 0,6132 | 0,6108 | 0,6095 | 0,6084 | 0,6061 | 0,6047 | 0,6033 | 0,60R7 | 0,6021
0,55 | 0,6344 | 06232 | 0,6165 | 06138 | 0,6112 | 0,6099 | 0,6088 | 0,6064 | 0,6049 | 0,6034 | 0,6028 | 0,6022
0,56 — 0,6242 | 06172 | 06143 | 0,6117 | 0,6103 | 0,6091 | 0,6066 | 0,6050 | 0,6035 | 0,6028 | 0,6022
0,57 — 0,6252 | 0,6179 | 0,6149 | 0,6121 | 0,6107 | 0,6095 | 0,6069 | 0,6052 | 0,6036 | 0,6028 | 0,6022
0,58 — 06262 | 06185 | 0,6155 | 0,6126 | 0,6111 | 0,6098 | 0,6070 | 0,6053 | 0,6036 | 0,6028 | 0,6021
0,59 — 0,6272 | 06192 | 0,6160 | 0,6130 | 0,6114 | 0,6101 | 0,6072 | 0,6054 | 0,6036 | 0,6028 | 0,6020
0,60 — 0,6282 | 06198 | 0,6165 | 0,6134 | 0,6117 | 06103 | 0,6073 | 0,6054 | 0,6035 | 0,6027 | 0,6019
0,61 — 06292 | 06205 | 0,6170 | 0,6137 | 0,6120 | 0,6106 | 0,6074 | 0,6054 | 0,6034 | 0,6025 | 0,6017
0,62 — 06302 | 0,6211 | 0,6175 | 0,6140 | 0,6123 | 0,6108 | 0,6075 | 0,6054 | 0,6033 | 0,6023 | 0,6014
0,63 — 06312 | 06217 | 06179 | 0,6143 | 0,6125 | 0,6109 | 0,6075 | 0,6052 | 0,6030 | 0,6021 | 0,6011
0,64 — 06321 | 0,6222 | 0,6183 | 0,6145 | 0,6126 | 0,6110 | 0,6074 | 0,6051 | 0,6028 | 0,6017 | 0,6007

NOTE This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted.
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Table A.1 (continued)

Diam-
eter Discharge coefficient, C, for Re, equal to

ratio

B 5x103 | 1x10% | 2x10% | 3x10% | 5x10% | 7x10% | 1x105 | 3x105 | 1x106 | 1x107 | 1x 108 o

0,65 — 06331 | 06227 | 0,6186 | 0,6147 | 0,6127 | 0,6110 | 0,6073 | 0,6048 | 0,6024 | 0,6013 | 0,6002
0,66 — 0,6340 | 0,6232 | 0,6189 | 0,6148 | 0,6128 | 0,6110 | 0,6071 | 0,6045 | 0,6020 | 0,6008 | 0,5997
0,67 — 0,6348 | 06236 | 0,6191 | 0,6149 | 0,6127 | 0,6108 | 0,6068 | 0,6041 | 0,6014 | 0,6002 | 0,5990
0,68 — 0,6357 | 0,6239 | 06193 | 0,6149 | 0,6126 | 0,6106 | 0,6064 | 0,6036 | 0,6008 | 0,5995 | 0,5983
0,69 — 0,6364 | 06242 | 06193 | 0,6147 | 06124 | 0,6104 | 0,6059 | 0,6030 | 0,6001 | 0,5987 | 0,597 4
0,70 — 06372 | 0,6244 | 0,6193 | 0,6145 | 0,6121 | 0,6100 | 0,6053 | 0,6023 | 0,5992 | 0,597 8 | (0}5P6 4
0,71 — 0,6378 | 0,6245 | 06192 | 0,6142 | 0,6117 | 0,6094 | 0,6046 | 0,6014 | 05982 | 0,596 7 0,5p5 3
0,72 — 0,6383 | 0,6244 | 0,6189 | 0,6138 | 0,6111 | 0,6088 | 0,6038 | 0,6005 | 0,5971 | 0,5955 | 0,5p40
0,73 — 0,6388 | 0,6243 | 0,6186 | 0,6132 | 0,6104 | 0,6080 | 0,6028 | 0,5993 | 0,5958 J\0/5942 | 0,5p26
0,74 — 0,6391 | 0,6240 | 0,6181 | 0,6125 | 0,6096 | 0,6071 | 0,6016 | 0,5980 | 0,5943%}) 0,5926 | 0,5p10
0,75 — 0,6394 | 0,6236 | 06174 | 0,6116 | 0,6086 | 0,6060 | 0,6003 | 05965 | 0,592)7 | 0,5909 | 0,5B9 2

NOTE This fable is given for convenience. The values given are not intended for precise interpolation. Extrapolatjon‘is.niot permitted.

Table A.2[— Orifice plate with D and D/2 tappings — Discharge coeffic¢ient, C, for D = 71,12 mm

Diam-
eter Discharge coefficient, C, for Re, equalto
ratio
B 5x103 | 1x10% | 2x104 | 3x104 | 5x10% | 7x104 | 1x105 | 3'x105 | 1x106 | 1x107 | 1x 108 bo

0,10 | 0,600
0,12 | 0,601
0,14 | 0,601
0,16 | 0,602
0,18 | 0,602
0,20 | 0,603

3105987 | 05977 | 0,5973 | 0,5969 | 0,5967 | 0,5966" 05963 | 0,5962 | 0,5961 | 0,5961 | 0,5p60
0 0591 | 05979 | 0,5975 | 0,5971 | 0,5969 | 0,5967 | 0,5964 | 0,5962 | 0,5961 | 0,5961 | 0,5p61
6 | 05995 | 0,5982 | 0,5977 | 0,5972 | 0,597 0_{\0,5968 | 0,5965 | 0,5963 | 0,5962 | 0,5961 | 0,5p61
3 (06000 | 05985 | 0,5980 | 0,5974 | 0,597 2 | 0,5970 | 0,5966 | 0,5964 | 0,5962 | 0,5962 | 0,5p62
9 | 0,6004 | 05989 | 0,5982 | 0,5977 | ©,5974 | 0,5971 | 0,5967 | 0,5965 | 0,5963 | 0,5963 | 0,5p63
7 | 06009 | 0,5992 | 0,5985 | 0,597/9 \~0,5976 | 0,5974 | 0,5969 | 0,5966 | 0,5964 | 0,5964 | 0,564
0,22 | 0,604/4 | 0,6015 | 0,5996 | 0,5989 | 0,5982 | 0,5979 | 0,5976 | 0,5971 | 0,5968 | 0,5966 | 0,5965 | 0,5p65
0,24 | 0,605|3 | 0,6021 | 0,6001 | 0,5993 _|%6,5985 | 0,5982 | 0,5979 | 0,5973 | 0,5970 | 0,5967 | 0,5967 | 0,5p66
0,26 | 0,606|2 | 0,6027 | 0,6006 | 0,599°7+470,5989 | 0,5985 | 0,5982 | 0,5975 | 0,5972 | 0,5969 | 0,5969 | 0,5Pp6 8

2

2

4

7

1

7

3

0,28 | 0,607 0,6034 | 0,6011 | 06002 | 0,5993 | 0,5989 | 0,5985 | 0,5978 | 0,5975 | 0,5972 | 0,5971 | 0,5p70
0,30 | 0,608 0,6042 | 0,6017+[~0}6007 | 0,5998 | 0,5993 | 0,5989 | 0,5982 | 0,5978 | 0,5974 | 0,5973 | 0,5p7 3
0,32 | 0,609 0,6051 | 0,6024. 0,6013 | 0,6003 | 0,5998 | 0,5994 | 0,5986 | 0,5981 | 0,5977 | 0,5976 | 0,5p75
0,34 | 0,610 0,6060 | 6031 | 0,6020 | 0,6009 | 0,6004 | 0,5999 | 0,5990 | 0,5985 | 0,5981 | 0,5979 | 0,5p78
0,36 | 0,612 0,607 ¥~ ¥0,6040 | 06027 | 0,6016 | 0,6010 | 0,6005 | 0,5995 | 0,5989 | 0,5984 | 0,5983 | 0,5p81
0,38 | 0,613 0,6082°| 0,6049 | 0,6035 | 0,6023 | 0,6016 | 0,6011 | 0,6000 | 0,5994 | 0,5988 | 0,5986 | 0,5p85
0,40 | 0,615 0,6095 | 0,6059 | 0,6044 | 0,6031 | 0,6024 | 0,6018 | 0,6006 | 0,5999 | 0,5993 | 0,5991 | 0,5p89
0,42 | 0,6172~])0,6109 | 0,6070 | 0,6054 | 0,6039 | 0,6032 | 0,6025 | 0,6012 | 0,6005 | 0,5998 | 0,5995 | 0,5p93
044 | 0,6192 | 06124 | 0,6082 | 0,6065 | 0,6049 | 0,6041 | 0,6034 | 0,6019 | 0,6011 | 0,6003 | 0,6000 | 0,5997
046 | 0,6214 | 0,6140 | 0,6094 | 0,6076 | 0,6059 | 0,6050 | 0,6042 | 0,6027 | 0,6017 | 0,6008 | 0,6005 | 0,6002
0,48 | 06238 | 0,6157 | 0,6108 | 0,6088 | 0,6070 | 0,6060 | 0,6052 | 0,6035 | 0,6024 | 0,6014 | 0,6010 | 0,6006
0,50 | 0,6264 | 0,6176 | 0,6123 | 0,6101 | 0,6081 | 0,6071 | 0,6062 | 0,6043 | 0,6031 | 0,6020 | 0,6016 | 0,6011
0,51 | 0,6278 | 0,6186 | 0,6131 | 0,6108 | 0,6087 | 0,6076 | 06067 | 06047 | 06035 | 06023 | 06019 | 0,6014
0,52 | 0,6292 | 0,6197 | 0,6139 | 0,6115 | 0,6093 | 0,6082 | 0,6072 | 0,6052 | 0,6039 | 0,6027 | 0,6021 | 0,6016
0,53 | 0,6307 | 06207 | 06147 | 0,6123 | 0,6100 | 0,6088 | 0,6078 | 0,6056 | 0,6043 | 0,6030 | 0,6024 | 0,6019
0,54 | 0,6322 | 0,6218 | 0,6155 | 0,6130 | 0,6106 | 0,6094 | 0,6083 | 0,6061 | 0,6047 | 06033 | 0,6027 | 06021
0,55 | 0,6337 | 0,6229 | 0,6164 | 0,6138 | 0,6113 | 0,6100 | 0,6089 | 0,6065 | 0,6050 | 0,6036 | 0,6030 | 0,6024
0,56 — 0,6241 | 06173 | 0,6145 | 0,6119 | 0,6106 | 0,6095 | 0,6070 | 0,6054 | 0,6039 | 0,6032 | 0,6026

NOTE This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted.
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Table A.2 (continued)

ISO 5167-2:2022(E)

Diam-
eter Discharge coefficient, C, for Re, equal to
ratio

B 5x103 | 1x10% | 2x10% | 3x10% | 5x10% | 7x10% | 1x105 | 3x105 | 1x106 | 1x107 | 1x 108 o

0,57 — 0,6253 | 0,6182 | 0,6153 | 0,6126 | 0,6112 | 0,6100 | 0,6075 | 0,6058 | 0,6042 | 0,6035 | 0,6028
0,58 — 0,6265 | 0,6191 | 0,6161 | 0,6133 | 0,6119 | 0,6106 | 0,6079 | 0,6062 | 0,6045 | 0,6038 | 0,6030
0,59 — 0,6277 | 0,6200 | 0,6169 | 0,6140 | 0,6125 | 0,6112 | 0,6084 | 0,6066 | 0,6048 | 0,6040 | 0,603 2
0,60 — 0,6290 | 0,6210 | 0,6177 | 0,6147 | 0,6131 | 0,6118 | 0,6088 | 0,6070 | 0,6051 | 0,6042 | 0,603 4
0,61 — 0,6303 | 0,6219 | 0,6186 | 0,6154 | 0,6138 | 0,6124 | 0,6093 | 0,6073 | 0,6053 | 0,6044 | 0,6036
0,67 — 0,6316 | 0,6229 | 0,6194 | 06161 | 0,6144 | 0,6129 | 0,6097 | 0,6077 | 0,6056 | 06046 | 0,603 7
0,63 — 0,6329 | 0,6238 | 06202 | 0,6168 | 0,6150 | 0,6135 | 0,6102 | 0,6080 | 0,605 8(|\0/604 8 | 0,6039
0,64 — 0,6343 | 0,6248 | 06210 | 0,6175 | 0,6156 | 0,6140 | 0,6106 | 0,6083 | 0,606 0] 0,606560 | 0,6039
0,69 — 0,6356 | 0,6258 | 0,6219 | 0,6182 | 0,6162 | 0,6146 | 0,6109 | 0,6086 |A0,6062 | 0,6061 | 0,6040
0,64 — 0,6370 | 0,6268 | 06227 | 0,6188 | 0,6168 | 0,6151 | 0,6113 | 0,6088 }.0,6063 | 0,6061 | 0,6040
0,67 — 0,6384 | 0,6277 | 06235 | 0,6195 | 0,6174 | 0,6156 | 0,6116 | 0,609.0 | 0,6064 | 0,6062 | 0,6040
0,69 — 0,6398 | 0,6287 | 06243 | 0,6201 | 0,6179 | 0,6161 | 0,6120 (06092 | 0,6065 | 0,60652 | 0,6039
0,69 — 0,6411 | 0,6296 | 06250 | 0,6207 | 0,6185 | 0,6165 | 0,6122 M 0,6094 | 0,6065 | 0,6061 | 0,6038
0,70 — 0,6425 | 0,6305 | 0,6258 | 0,6213 | 0,6189 | 0,6169 | 046125 | 0,6095 | 0,6065 | 0,601 | 0,6037
0,71 — 0,6439 | 0,6315 | 0,6265 | 0,6218 | 0,6194 | 0,6173 4 06127 | 0,6096 | 0,6064 | 0,6049 | 0,6035
0,77 — 0,6453 | 0,6323 | 06272 | 0,6223 | 0,6198 | 0,617 6| 0,6128 | 0,6096 | 0,6063 | 0,6047 | 0,603 2
0,73 — 0,6467 | 0,6332 | 0,6279 | 0,6228 | 0,6202 | Q,6179 | 0,6129 | 0,6096 | 0,6061 | 0,6045 | 0,6029
0,74 — 0,6480 | 0,6340 | 0,6285 | 0,6233 | 0,6206_|9,6182 | 0,6130 | 0,6095 | 0,6059 | 0,604 2 | 0,6025
0,74 — 0,6494 | 0,6349 | 0,6291 | 0,6237 | 0,6209."| 0,6184 | 0,6130 | 0,6094 | 0,6056 | 0,608 | 0,6021

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-
etel Discharge coefficient, C, for Re;, equal to
rati

B 5x103 | 1x10% | 2x10% | 3%x10% | 5x10% | 7x10% | 1x105 | 3x105 | 1x10° | 1x107 | 1x 108 ©

0,29 | 0,6102 | 0,6069 | 0,6048 [~0,6040 | 0,6032 | 0,6029 | 0,6025 | 0,6019 | 0,6016 | 0,6014 | 0,603 | 0,6012
0,24 | 0,6106 | 0,6071 | 0,6050 | 0,6041 | 0,6033 | 0,6029 | 0,6026 | 0,6020 | 0,6016 | 0,6014 | 0,603 | 0,6012
0,29 0,6114 | 0,6076 {0,6053 | 0,6044 | 0,6035 | 0,6031 | 0,6028 | 0,6021 | 0,6017 | 0,6014 | 0,603 | 0,6012
0,3 | 0,6123 | 0,608}/ 0,6057 | 0,6047 | 0,6038 | 0,6034 | 0,6030 | 0,6022 | 0,6018 | 0,6015 | 0,604 | 0,6013
0,33 | 0,6132 | 06089 | 06062 | 0,6052 | 0,6042 | 0,6037 | 0,6032 | 0,6024 | 0,6019 | 0,6016 | 0,604 | 0,6013
0,34 | 0,61430,6097 | 0,6068 | 0,6056 | 0,6045 | 0,6040 | 0,6035 | 0,6026 | 0,6021 | 0,6017 | 0,60[L6 | 0,6014
0,34 | 0,6155~| 0,6105 | 0,6074 | 0,6062 | 0,6050 | 0,6044 | 0,6039 | 0,6029 | 0,6023 | 0,6019 | 0,607 | 0,6016
0,34 | 06,6169 | 0,6115 | 0,6081 | 0,6068 | 0,6055 | 0,6049 | 0,6043 | 0,6032 | 0,6026 | 0,6021 | 0,601L9 | 0,6017
04q 1.0,6184 | 0,6125 | 0,6089 | 0,6075 | 0,6061 | 0,6054 | 0,6048 | 0,6036 | 0,6029 | 0,6023 | 0,601 | 0,6019
042 | 06200 | 0,6137 | 0,6098 | 0,6082 | 0,6068 | 0,6060 | 0,6054 | 0,6041 | 0,6033 | 0,6026 | 0,6023 | 0,6021
044 | 06219 | 0,6150 | 0,6108 | 0,6091 | 0,6075 | 0,6067 | 0,6060 | 0,6045 | 0,6037 | 0,6029 | 0,6026 | 0,6023
046 | 06239 | 06164 | 0,6119 | 0,6100 | 0,6083 | 0,6074 | 0,6067 | 0,6051 | 0,6041 | 0,6033 | 0,6029 | 0,6026
048 | 06260 | 0,6180 | 0,6130 | 0,6110 | 0,6092 | 0,6082 | 0,6074 | 0,6057 | 0,6046 | 0,6036 | 0,6032 | 0,6028
0,50 | 0,6284 | 06196 | 0,6143 | 0,6121 | 0,6101 | 0,6091 | 0,6082 | 0,6063 | 0,6051 | 0,6040 | 0,6036 | 0,6031
0,51 | 0,6297 | 0,6205 | 0,6149 | 0,6127 | 0,6106 | 0,6095 | 0,6086 | 0,6066 | 0,6054 | 0,6042 | 0,6037 | 0,6033
0,52 | 06310 | 0,6214 | 0,6156 | 0,6133 | 0,6111 | 0,6100 | 0,6090 | 0,6069 | 0,6056 | 0,6044 | 0,6039 | 0,603 4
0,53 0,6324 | 0,6224 | 0,6163 0,6139 | 0,6116 | 0,6105 | 0,6094 | 0,6073 | 0,6059 | 0,6046 | 0,6041 | 0,6035
0,54 | 0,6338 | 0,6234 | 0,6171 | 0,6145 | 0,6122 | 0,6109 | 0,6099 | 0,6076 | 0,6062 | 0,6048 | 0,6042 | 0,6037
0,55 | 06352 | 0,6244 | 0,6178 | 0,6152 | 0,6127 | 0,6114 | 0,6103 | 0,6080 | 0,6065 | 0,6050 | 0,6044 | 0,6038

NOTE This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted.
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Table A.3 (continued)

Diam-
eter Discharge coefficient, C, for Re, equal to
ratio
B 5x103 | 1x10% | 2x10% | 3x104 | 5x10% | 7x104 | 1x105 | 3x105 | 1x106 | 1x107 | 1x 108 ©

0,56 | 0,6367 | 06254 | 0,6186 | 0,6159 | 0,6133 | 0,6119 | 0,6108 | 0,6083 | 0,6067 | 0,6052 | 0,6045 | 0,6039
0,57 | 0,6383 | 0,6265 | 06194 | 0,6165 | 0,6138 | 0,6124 | 0,6112 | 0,6087 | 0,6070 | 0,6054 | 0,6047 | 0,6040
0,58 | 0,6399 | 0,6276 | 06202 | 0,6172 | 0,6144 | 0,6130 | 0,6117 | 0,6090 | 0,6073 | 0,6056 | 0,6048 | 0,6041
0,59 | 0,6416 | 0,6287 | 0,6210 | 0,6179 | 0,6150 | 0,6135 | 0,6122 | 0,6093 | 0,6075 | 0,6058 | 0,6050 | 0,604 2
0,60 | 0,6433 | 0,6299 | 0,6218 | 0,6186 | 0,6155 | 0,6140 | 0,6126 | 0,6097 | 0,6078 | 0,6059 | 0,6051 | 0,6043
0,61 | 0,645(0 | 0,6310 | 0,6227 | 06193 | 0,6161 | 06145 | 0,6131 | 0,6100 | 0,6080 | 0,6060 | 0,6051 [ (0,6p43
0,62 | 0,646/8 | 0,6322 | 0,6235 | 0,6200 | 0,6167 | 0,6150 | 0,6135 | 0,6103 | 0,6082 | 0,6062 | 0,6052™ 0,6p4 3
0,63 | 0,648/6 | 0,6334 | 0,6243 | 0,6207 | 0,6173 | 0,6155 | 0,6139 | 0,6106 | 0,6084 | 0,6062 | 0,6053 | 0,6p4 3
0,64 | 06505 | 0,6347 | 0,6252 | 0,6214 | 0,6178 | 0,6160 | 0,6144 | 0,6109 | 0,6086 | 0,6063 #10/6053 | 0,604 3
0,65 | 0,652/4 | 0,6359 | 0,6260 | 0,6221 | 0,6184 | 0,6164 | 0,6148 | 0,6111 | 0,6088 | 0,6064“ 0,6053 | 0,604 2
0,66 | 0,6544 | 06371 | 0,6269 | 0,6228 | 0,6189 | 0,6169 | 0,6152 | 0,6114 | 0,6089 | 0,606'4 | 0,6052 | 0,6p4 1
0,67 | 0,656/4 | 0,6384 | 0,6277 | 0,6234 | 0,6194 | 0,6173 | 0,6155 | 0,6116 | 0,609 0,1.966063 | 0,6051 | 0,603 9
0,68 | 0,658/4 | 0,6396 | 0,6285 | 0,6241 | 0,6199 | 0,6177 | 0,6158 | 0,6117 | 0,6090% 0,6062 | 0,6050 | 0,603 7

4

5

6

7

9

0

2

0,69 | 0,660 0,6409 | 0,6293 | 0,6247 | 0,6204 | 0,6181 | 0,6161 | 0,6119 | _0,6090 | 0,6061 | 0,6048 | 0,6P35
0,70 | 0,662 0,6421 | 0,6301 | 0,6253 | 0,6208 | 0,6185 | 0,6164 | 0,612 0<| ¥0,6090 | 0,6060 | 0,6045 | 0,632
0,71 | 0,664 0,6434 | 0,6309 | 0,6259 | 0,6212 | 0,6188 | 0,6166 | 0,6120 | 0,6089 | 0,6057 | 0,6043 | 0,6028
0,72 | 0,666 0,6446 | 0,6316 | 0,6265 | 0,6216 | 0,6190 | 0,6168 |¢0,6120 | 0,6088 | 0,6055 | 0,6039 | 0,6p2 4
0,73 | 0,668 0,6459 | 0,6323 | 0,6270 | 0,6219 | 0,6193 | 0,6170(},0,6120 | 0,6086 | 0,6051 | 0,6035 | 0,6019
0,74 | 0,671 0,6471 | 0,6330 | 0,6275 | 0,6222 | 0,6195 | 0,617 | 0,6119 | 0,6084 | 0,6047 | 0,6030 | 0,614
0,75 | 0,673 0,6483 | 0,6337 | 0,6279 | 0,6224 | 0,6196 | 0,6171 | 0,6117 | 0,6081 | 0,6043 | 0,6025 | 0,6p08

NOTE This fable is given for convenience. The values given are not intendedfor precise interpolation. Extrapolation is not permitted.

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

Diam-
eter Discharge coefficient, C, for Re, equal to
ratio
B 5x103 | 1x10% | 2x10% | 3x1045x10% | 7x104 | 1x105 | 3x105 | 1x106 | 1x107 | 1x 108 bo

0,17 | 0,602 0,6003 | 0,5988 | ;5982 | 0,5977 | 0,5974 | 0,5972 | 0,5967 | 0,5965 | 0,5964 | 0,5964 | 0,5p63
0,18 | 0,603 0,6005 | 0,599 0+[<0)5984 | 0,5978 | 0,5975 | 0,5973 | 0,5968 | 0,5966 | 0,5964 | 0,5964 | 0,5Pp6 4
0,20 | 0,603 0,6011 | 0,5994. 05987 | 0,5981 | 0,5977 | 0,5975 | 0,5970 | 0,5967 | 0,5966 | 0,5965 | 0,5p65

7
1
8
0,22 | 0,6046 | 0,6016 | 9,5998 | 0,5990 | 0,5984 | 0,5980 | 0,5977 | 0,5972 | 0,5969 | 0,5967 | 0,5967 | 0,5p6 6
4
4
4

0,24 | 0,605 0,602 20,6002 | 0,5994 | 0,5987 | 0,5983 | 0,5980 | 0,5974 | 0,5971 | 0,5969 | 0,5969 | 0,5p68
0,26 | 0,606 0,6029°| 0,6007 | 0,5999 | 0,5991 | 0,5987 | 0,5984 | 0,5977 | 0,5974 | 0,5971 | 0,5970 | 0,5p70
0,28 | 0,607 0,6036 | 0,6013 | 0,6004 | 0,5995 | 0,5991 | 0,5987 | 0,5980 | 0,5976 | 0,5974 | 0,5973 | 0,5p72
0,30 | 0,608]4-].)0,6044 | 0,6019 | 0,6009 | 0,6000 | 0,5995 | 0,5991 | 0,5984 | 0,5979 | 0,5976 | 0,5975 | 0,5p7 4
0,32 | 0,6096 | 0,6053 | 0,6026 | 0,6015 | 0,6005 | 0,6000 | 0,5996 | 0,5988 | 0,5983 | 0,5979 | 0,5978 | 0,5977
0,34 | 0,6109 | 0,6062 | 0,6033 | 0,6022 | 0,6011 | 0,6006 | 0,6001 | 0,5992 | 0,5987 | 0,5983 | 0,5981 | 0,5980
0,36 | 0,6123 | 0,6073 | 0,6042 | 06029 | 06017 | 06012 | 0,6007 | 0,5997 | 0,5991 | 0,5986 | 0,5984 | 0,5983
0,38 | 0,6139 | 0,6084 | 0,6051 | 0,6037 | 0,6025 | 0,6018 | 0,6013 | 0,6002 | 0,5995 | 0,5990 | 0,5988 | 0,5986
0,40 | 0,6155 | 0,6097 | 0,6060 | 0,6046 | 0,6032 | 0,6025 | 0,6020 | 0,6008 | 0,6000 | 0,5994 | 0,5992 | 0,5990
042 | 06174 | 06110 | 0,6071 | 0,6055 | 0,6041 | 0,6033 | 0,6027 | 0,6014 | 0,6006 | 0,5999 | 0,5996 | 0,599 4
044 | 0,6194 | 06125 | 0,6083 | 0,6066 | 0,6050 | 0,6042 | 0,6035 | 0,6020 | 0,6012 | 0,6004 | 0,6001 | 0,5998
0,46 | 06216 | 0,6141 | 06095 | 0,6077 | 0,6059 | 0,6051 | 0,6043 | 06027 | 0,6018 | 0,6009 | 0,6005 | 0,6002
0,48 | 06239 | 06158 | 0,6108 | 0,6089 | 0,6070 | 0,6060 | 0,6052 | 0,6035 | 0,6024 | 0,6014 | 0,6010 | 0,6006
0,50 | 0,6264 | 0,6176 | 0,6123 | 0,6101 | 0,6081 | 0,6070 | 0,6061 | 0,6042 | 0,6031 | 0,6020 | 0,6015 | 0,6011

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

36 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=ed07a7b18b0bb11d230d50d8b9c5e951

ISO 5167-2:2022(E)

Table A.4 (continued)

Diam-
eter Discharge coefficient, C, for Re, equal to

ratio

B 5x103 | 1x10% | 2x10% | 3x10% | 5x10% | 7x10% | 1x105 | 3x105 | 1x106 | 1x107 | 1x 108 o

0,51 | 0,6278 | 0,6186 | 0,6130 | 0,6107 | 0,6086 | 0,6075 | 0,6066 | 0,6046 | 0,6034 | 0,6022 | 0,6017 | 0,6013
0,52 | 06292 | 0,6196 | 0,6138 | 0,6114 | 0,6092 | 0,6081 | 0,6071 | 0,6050 | 0,6037 | 0,6025 | 0,6020 | 0,6015
0,53 | 0,6306 | 06206 | 0,6145 | 0,6121 | 0,6098 | 0,6086 | 0,6076 | 0,6054 | 0,6041 | 0,6028 | 0,6022 | 0,6017
0,54 | 0,6321 | 0,6216 | 06153 | 0,6128 | 0,6104 | 0,6092 | 0,6081 | 0,6058 | 0,6044 | 0,6030 | 0,6024 | 0,6019
0,55 | 0,6336 | 0,6227 | 0,6161 | 0,6135 | 0,6110 | 0,6097 | 0,6086 | 0,6062 | 0,6047 | 0,6033 | 0,6027 | 0,6021
0,54 06352 | 06238 | 0,6170 | 0,6142 | 0,6116 | 0,6103 | 0,6091 | 0,6066 | 0,6051 | 0,6035 | 0,609 | 0,6022
0,579 0,6368 | 0,6249 | 0,6178 | 0,6149 | 0,6122 | 0,6108 | 0,6096 | 0,6070 | 0,6054 | 0,603 8(]\0/60B1 | 0,602 4
0,59 0,6385 | 0,6261 | 0,6186 | 0,6156 | 0,6128 | 0,6114 | 0,6101 | 0,6074 | 0,6057 | 0,6040/] 0,602 | 0,6025
0,59 06402 | 0,6273 | 0,6195 | 0,6164 | 0,6134 | 0,6119 | 0,6106 | 0,6078 | 0,6060 |A0,6042 | 0,6084 | 0,6026
0,6( 0,6419 | 0,6284 | 0,6203 | 0,6171 | 0,6140 | 0,6125 | 0,6111 | 0,6082 | 0,606 3, }.0,6044 | 0,60B5 | 0,6027
0,61 0,6437 | 0,6296 | 06212 | 0,6178 | 0,6146 | 0,6130 | 0,6116 | 0,6085 | 0,606.5 | 0,6045 | 0,60B6 | 0,6028
0,67 0,6455 | 06309 | 0,6221 | 0,6186 | 0,6152 | 0,6135 | 0,6120 | 0,6088 (~0:6067 | 0,6047 | 0,6087 | 0,6028
0,63 — 0,6321 | 0,6229 | 0,6193 | 0,6158 | 0,6140 | 0,6125 | 0,6094 | 0,6069 | 0,6048 | 0,6088 | 0,6028
0,64 — 0,6333 | 06238 | 06200 | 0,6164 | 0,6145 | 0,6129 | 046094 | 0,6071 | 0,6048 | 0,60B8 | 0,6028
0,69 — 0,6346 | 06246 | 06207 | 0,6169 | 06150 | 0,6133 4 0,6097 | 0,6073 | 0,6049 | 0,60B8 | 0,6027
0,64 — 0,6358 | 0,6255 | 0,6213 | 0,6174 | 0,6154 | 0,613 75| 0,6099 | 0,6074 | 0,6048 | 0,6087 | 0,6026
0,67 — 0,6370 | 0,6263 | 06220 | 0,6179 | 0,6158 | Q,6140 | 0,6100 | 0,6074 | 0,6048 | 0,60B6 | 0,6024
0,69 — 0,6382 | 06270 | 0,6226 | 06184 | 0,6162 |/0,6143 | 0,6102 | 0,6074 | 0,6046 | 0,60B4 | 0,6021
0,69 — 0,6395 | 0,6278 | 0,6232 | 0,6188 | 0,6165.| 0,6145 | 0,6102 | 0,6074 | 0,6045 | 0,6081 | 0,6018
0,70 — 0,6407 | 0,6285 | 0,6237 | 0,6191 |, 0;6168 | 0,6147 | 0,6102 | 0,6073 | 0,6042 | 0,6(028 | 0,6014
0,71 — 0,6418 | 0,6292 | 0,6242 | 0,6194 40,6170 | 0,6148 | 0,6102 | 0,6071 | 0,6039 | 0,604 | 0,6010
0,77 — 0,6430 | 0,6298 | 0,6246 | 0,61977| 06171 | 0,6149 | 0,6101 | 0,6068 | 0,6035 | 0,600L9 | 0,6004
0,73 — 0,6441 | 0,6304 | 0,6250 } 06199 | 0,6172 | 0,6149 | 0,6099 | 0,6065 | 0,6030 | 0,60L4 | 0,5998
0,74 — 0,6451 | 0,6310 | 0,6258 |)'0,6200 | 0,6173 | 0,6149 | 0,6096 | 0,6061 | 0,6025 | 0,6008 | 0,5991
0,75 — 0,6462 | 0,6314 | 06256 | 0,6201 | 0,6172 | 0,6147 | 0,6093 | 0,6056 | 0,6018 | 0,6000 | 0,598 3

NOTE This table is given for conveniencé. Ehe values given are not intended for precise interpolation. Extrapolation is not permitted.

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

Dian}-
etel| Discharge coefficient, C, for Re, equal to

rati

B 5x 103 N1x10% | 2x10% | 3x10% | 5x10% | 7x10% | 1x105 | 3x105 | 1x10% | 1x107 | 1x 108 o

0,13 0,60%4~[ 0,5994 | 0,5982 | 0,5977 | 0,5973 | 0,5971 | 0,5969 | 0,5966 | 0,5964 | 0,5963 | 0,5962 | 0,596 2
0,14 0,6018 | 0,5997 | 0,5984 | 0,5979 | 0,5974 | 0,5972 | 0,5970 | 0,5966 | 0,5964 | 0,5963 | 0,5963 | 0,596 3
0,16 0,6025 | 0,6001 | 0,5987 | 0,5981 | 0,5976 | 0,5974 | 0,5972 | 0,5968 | 0,5965 | 0,5964 | 0,59p4 | 0,596 4
0,18 | 0,6032 | 0,6006 | 0,5991 | 0,5985 | 0,5979 | 0,5976 | 0,5974 | 0,5969 | 0,5967 | 0,5965 | 0,5965 | 0,5965
0,20 | 0,6039 | 0,6012 | 0,5995 | 0,5988 | 0,5982 | 0,5979 | 0,5976 | 0,5971 | 0,5969 | 0,5967 | 0,5966 | 0,596 6
0,22 | 0,6047 | 06017 | 05999 | 0,5992 | 0,5985 | 0,5981 | 0,5979 | 0,5973 | 0,5970 | 0,5969 | 0,5968 | 0,5968
0,24 | 0,6056 | 0,6024 | 0,6004 | 0,5996 | 0,5988 | 0,5985 | 0,5982 | 0,5976 | 0,5973 | 0,5970 | 0,5970 | 0,5969
0,26 | 0,6065 | 0,6030 | 0,6009 | 0,6000 | 0,5992 | 0,5988 | 0,5985 | 0,5979 | 0,5975 | 0,5973 | 0,5972 | 0,5971
0,28 | 0,6075 | 06038 | 06014 | 06005 | 0,5997 | 0,5992 | 0,5989 | 0,5982 | 0,5978 | 0,5975 | 0,5974 | 0,597 4
0,30 | 0,6086 | 0,6046 | 0,6021 | 0,6011 | 0,6002 | 0,5997 | 0,5993 | 0,5985 | 0,5981 | 0,5978 | 0,5977 | 0,597 6
0,32 | 0,6098 | 0,6054 | 0,6028 | 0,6017 | 0,6007 | 0,6002 | 0,5998 | 0,5989 | 0,5985 | 0,5981 | 0,5980 | 0,5979
0,34 | 0,6111 | 0,6064 | 0,6035 | 0,6024 | 0,6013 | 0,6007 | 0,6003 | 0,5994 | 0,5988 | 0,5984 | 0,5983 | 0,5982
0,36 | 0,6125 | 0,6075 | 0,6043 | 0,6031 | 0,6019 | 0,6013 | 0,6008 | 0,5998 | 0,5993 | 0,5988 | 0,5986 | 0,5985

NOTE This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted.
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Table A.5 (continued)

Diam-

eter Discharge coefficient, C, for Re, equal to

ratio

B 5x103 | 1x10% | 2x10% | 3x10% | 5x10% | 7x10% | 1x105 | 3x105 | 1x106 | 1x107 | 1x 108 o

0,38 | 0,6141 | 0,6086 | 0,6052 | 0,6039 | 0,6026 | 0,6020 | 0,6015 | 0,6004 | 0,5997 | 0,5992 | 0,5990 | 0,5988
0,40 | 0,6157 | 0,6099 | 0,6062 | 0,6048 | 0,6034 | 0,6027 | 0,6021 | 0,6009 | 0,6002 | 0,5996 | 0,5994 | 0,5992
042 | 06176 | 06112 | 0,6073 | 0,6057 | 0,6042 | 0,6035 | 0,6029 | 0,6015 | 0,6008 | 0,6001 | 0,5998 | 0,5996
044 | 0,6196 | 06127 | 0,6084 | 0,6067 | 0,6051 | 0,6043 | 0,6036 | 0,6022 | 0,6013 | 0,6005 | 0,6002 | 0,6000
046 | 0,6217 | 06142 | 0,6097 | 0,6078 | 0,6061 | 0,6052 | 0,6044 | 0,6029 | 0,6019 | 0,6010 | 0,6007 | 0,6003
0,48 | 0,624{1 | 0,6159 | 0,6110 | 0,6090 | 0,6071 | 0,6061 | 0,6053 | 0,6036 | 06025 | 0,6015 | 0,6011 | 06p0 7
0,50 | 0,626/6 | 0,6177 | 0,6124 | 0,6102 | 0,6081 | 0,6071 | 0,6062 | 0,6043 | 0,6031 | 0,6020 | 0,601 6 0,6p11
0,51 | 0,627/9 | 0,6187 | 0,6131 | 0,6108 | 0,6087 | 0,6076 | 0,6067 | 0,6047 | 0,6034 | 0,6023 | 06018 | 0,6p13
0,52 | 0,629|3 | 0,6197 | 0,6138 | 0,6115 | 0,6092 | 0,6081 | 0,6071 | 0,6051 | 0,6038 | 0,6025 #10/6020 | 0,6p15
0,53 | 0,630(7 | 0,6207 | 0,6146 | 0,6121 | 0,6098 | 0,6086 | 0,6076 | 0,6054 | 0,6041 | 0,6028%) 0,6022 | 0,6p17
0,54 | 0,6322 | 0,6217 | 0,6153 | 0,6128 | 0,6104 | 0,6091 | 0,6081 | 0,6058 | 0,6044 | 0,6030 [ 0,6024 | 0,6p18
0,55 — 06227 | 06161 | 0,6135 | 0,6109 | 0,6097 | 0,6085 | 0,6062 | 0,604 7,1.6;6032 | 0,6026 | 0,6020
0,56 — 0,6238 | 0,6169 | 06141 | 0,6115 | 0,6102 | 0,6090 | 0,6065 | 0,6050% 0,6034 | 0,6028 | 0,6p21
0,57 — 0,6249 | 06177 | 06148 | 0,6121 | 0,6107 | 0,6095 | 0,6069 | _0,6052 | 0,6036 | 0,6029 | 0,6022
0,58 — 0,6260 | 0,6185 | 0,6155 | 0,6127 | 0,6112 | 0,6100 | 0,607 2¢| ¥0,6055 | 0,6038 | 0,6031 | 0,623
0,59 — 0,6271 | 06193 | 0,6162 | 0,6132 | 0,6117 | 0,6104 | 0,6076 | 0,6058 | 0,6040 | 0,6032 | 0,602 4
0,60 — 06283 | 0,6201 | 0,6169 | 0,6138 | 0,6122 | 0,6108 | 6079 | 0,6060 | 0,6041 | 0,6033 | 0,6p25
0,61 — 0,6294 | 0,6209 | 06176 | 0,6143 | 0,6127 | 0,6113(},0,6082 | 0,6062 | 0,6042 | 0,6033 | 0,6025
0,62 — 0,6306 | 06218 | 0,6182 | 0,6149 | 0,6132 | 0,611\7 | 0,6085 | 0,6064 | 0,6043 | 0,6033 | 0,624
0,63 — 06318 | 06226 | 0,6189 | 0,6154 | 0,6136 | 0,6120 | 0,6087 | 0,6065 | 0,6043 | 0,6033 | 0,602 4
0,64 — 0,6329 | 0,6233 | 06195 | 0,6159 | 0,6140~} 0,6124 | 0,6089 | 0,6066 | 0,6043 | 0,6033 | 0,622
0,65 — 0,6341 | 0,6241 | 0,6201 | 0,6163 | 0,6144 | 06127 | 0,6091 | 0,6067 | 0,6042 | 0,6031 | 0,621
0,66 — 0,6353 | 0,6249 | 0,6207 | 0,6168./(0,6148 | 0,6130 | 0,6092 | 0,6067 | 0,6041 | 0,6030 | 0,6p19
0,67 — 0,6364 | 0,6256 | 0,6212 | 0,61742) 0,6151 | 0,6132 | 0,6092 | 0,6066 | 0,6040 | 0,6028 | 0,616
0,68 — 0,6375 | 0,6263 | 0,6218 | 6175 | 0,6153 | 0,6134 | 0,6093 | 0,6065 | 0,6037 | 0,6025 | 0,6012
0,69 — 0,6387 | 0,6269 | 0,62227\0,6178 | 0,6155 | 0,6135 | 0,6092 | 0,6063 | 0,6034 | 0,6021 | 0,6p08
0,70 — 0,6397 | 0,6275 | 0,6226)| 0,6180 | 0,6157 | 06136 | 0,6091 | 0,6061 | 0,6031 | 0,6016 | 0,603
0,71 — 0,6408 | 0,6280 [.0,6230 | 0,6182 | 0,6157 | 0,6136 | 0,6089 | 0,6058 | 0,6026 | 0,6011 | 0,5p97
0,72 — 0,6418 | 06285 \0,6233 | 0,6183 | 0,6157 | 06135 | 0,6086 | 0,6054 | 0,6020 | 0,6005 | 0,5P9 0
0,73 — 0,6428 | 0,6290 | 0,6235 | 0,6183 | 0,6157 | 0,6133 | 0,6083 | 0,6049 | 0,6014 | 0,5998 | 0,5p82
0,74 — 0,6437 |~.056293 | 0,6236 | 0,6183 | 0,6155 | 0,6131 | 0,6078 | 0,6043 | 0,6006 | 0,5989 | 0,5p7 3
0,75 — 0,644%5 )'0,6296 | 06237 | 06181 | 0,6153 | 0,6127 | 0,6072 | 0,6036 | 0,5998 | 0,5980 | 0,5P6 2

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

Table A.6— Qrifice plafp with flangp tappings — nicr‘hargn coefficient, C for D = 150 mm

Diam-

ete_r Discharge coefficient, C, for Rej, equal to

ratio

B 5x103 | 1x10% | 2x10% | 3x10% | 5x10% | 7x10% | 1x105 | 3x105 | 1x10% | 1x107 | 1x 108 o

0,10 | 0,6005 | 0,5988 | 0,5978 | 0,5974 | 0,5971 | 0,5969 | 0,5967 | 0,5965 | 0,5963 | 0,5962 | 0,5962 | 0,596 2
0,12 | 0,6012 | 0,5993 | 0,5981 | 0,5977 | 0,5973 | 0,5971 | 0,5969 | 0,5966 | 0,5964 | 0,5963 | 0,5963 | 0,596 3
0,14 | 0,6018 | 0,5998 | 0,5985 | 0,5980 | 0,5975 | 0,5973 | 0,5971 | 0,5967 | 0,5965 | 0,5964 | 0,5964 | 0,596 4
0,16 | 0,6025 | 0,6002 | 0,5988 | 0,5982 | 0,5977 | 0,5975 | 0,5973 | 0,5969 | 0,5966 | 0,5965 | 0,5965 | 0,5965
0,18 | 0,6033 | 0,6007 | 0,5992 | 0,5986 | 0,5980 | 0,5977 | 0,5975 | 0,5970 | 0,5968 | 0,5967 | 0,5966 | 0,5966
0,20 | 0,6041 | 0,6013 | 0,5996 | 0,5989 | 0,5983 | 0,5980 | 0,5977 | 0,5972 | 0,5970 | 0,5968 | 0,5968 | 0,5967

NOTE This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted.
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Table A.6 (continued)

Diam-
eter Discharge coefficient, C, for Re, equal to
ratio

B 5x103 | 1x10% | 2x10% | 3x10% | 5x10% | 7x10% | 1x105 | 3x105 | 1x106 | 1x107 | 1x 108 o

0,22 | 0,6049 | 0,6019 | 0,6000 | 0,5993 | 0,5986 | 0,5983 | 0,5980 | 0,5975 | 0,5972 | 0,5970 | 0,5969 | 0,596 9
0,24 | 0,6057 | 0,6025 | 0,6005 | 0,5997 | 0,5990 | 0,5986 | 0,5983 | 0,5977 | 0,5974 | 0,5972 | 0,5971 | 0,597 1
0,26 | 0,6067 | 06032 | 06011 | 0,6002 | 0,5994 | 0,5990 | 0,5987 | 0,5980 | 0,5977 | 0,5974 | 0,5974 | 0,597 3
0,28 | 0,6077 | 0,6039 | 0,6016 | 0,6007 | 0,5998 | 0,5994 | 0,5991 | 0,5984 | 0,5980 | 0,5977 | 0,5976 | 0,597 5
0,30 _| 0,6088 | 0,6048 | 0,6023 | 0,6013 | 0,6003 | 0,5999 | 0,5995 | 0,5987 | 0,5983 | 0,5980 | 0,5979 | 0,597 8
0,37 0,6100 | 0,6056 | 0,6030 | 0,6019 | 0,6009 | 0,6004 | 0,6000 | 0,5991 | 0,5987 | 0,5983 | 0,5982 | 0,5981
0,34 0,6113 | 0,6066 | 0,6037 | 0,6026 | 0,6015 | 0,6009 | 0,6005 | 0,5996 | 0,5990 | 0,598 6(\0/5985 | 0,598 4
0,34 0,6127 | 0,6077 | 0,6045 | 0,6033 | 06021 | 0,6015 | 0,6010 | 0,6000 | 0,5995 | 0,599 0~} 0,5988 | 0,5987
0,39 06143 | 0,6088 | 0,6054 | 0,6041 | 0,6028 | 0,6022 | 0,6017 | 0,6006 | 0,5999 |A0,5994 | 0,599 2 | 0,5990
0,4( 0,6160 | 0,6101 | 0,6064 | 0,6050 | 0,6036 | 0,6029 | 0,6023 | 0,6011 | 0,6004 1.0,5998 | 0,59p6 | 0,599 4
0,47 0,6178 | 0,6114 | 0,6075 | 0,6059 | 0,6044 | 0,6037 | 0,6030 | 0,6017 | 0,6009 | 0,6002 | 0,6000 | 0,5997
0,44 0,6198 | 0,6128 | 0,6086 | 0,6069 | 0,6053 | 0,6045 | 0,6038 | 0,6023 }~0;6015 | 0,6007 | 0,6004 | 0,6001
0,44 — 0,6144 | 0,6098 | 0,6079 | 0,6062 | 0,6053 | 0,6046 | 0,603 |»0,6020 | 0,6011 | 0,6008 | 0,6005
0,49 — 06160 | 06111 | 0,6091 | 0,6072 | 0,6062 | 0,6054 | 046036 | 0,6026 | 0,6016 | 0,60[L2 | 0,6008
0,5( — 0,6178 | 0,6124 | 06102 | 0,6082 | 0,6071 | 0,6062 4 0,6043 | 0,6031 | 0,6021 | 0,601L6 | 0,6012
0,51 — 06187 | 0,6131 | 0,6108 | 0,6087 | 0,6076 | 0,6067<| 0,6047 | 0,6034 | 0,6023 | 0,60L8 | 0,6013
0,57 — 06197 | 06138 | 0,6114 | 0,6092 | 0,6081 | 06071 | 0,6050 | 0,6037 | 0,6025 | 0,6020 | 0,6015
0,53 — 0,6206 | 0,6145 | 0,6121 | 0,6097 | 0,6086 |/0,6075 | 0,6054 | 0,6040 | 0,6027 | 0,6021 | 0,6016
0,54 — 0,6216 | 06153 | 0,6127 | 0,6103 | 0,6090.| 0,6080 | 0,6057 | 0,6042 | 0,6029 | 0,603 | 0,6017
0,59 — 0,6226 | 0,6160 | 0,6133 | 0,6108 |, 0;6095 | 0,6084 | 0,6060 | 0,6045 | 0,6031 | 0,604 | 0,6018
0,54 — 0,6237 | 06167 | 06140 | 0,6113 10,6100 | 0,6088 | 0,6063 | 0,6047 | 0,6032 | 0,6025 | 0,6019
0,57 — 0,6247 | 06175 | 0,6146 | 0,61197| 0,6105 | 0,6092 | 0,6066 | 0,6050 | 0,6034 | 0,6026 | 0,6020
0,59 — 0,6258 | 0,6182 | 0,6152 } 0,6124 | 0,6109 | 0,6096 | 0,6069 | 0,6052 | 0,6035 | 0,607 | 0,6020
0,59 — 0,6269 | 0,6190 | 0,6159 |)'0,6129 | 0,6114 | 0,6100 | 0,6072 | 0,6054 | 0,6036 | 0,6028 | 0,6020
0,6( — 0,6280 | 0,6198 | 06165 | 0,6134 | 0,6118 | 06104 | 0,6074 | 0,6055 | 0,6036 | 0,6028 | 0,6020
0,61 — 0,6290 | 0,6205 (96171 | 0,6138 | 0,6122 | 0,6107 | 0,6076 | 0,6056 | 0,6037 | 0,608 | 0,6019
0,67 — 0,6301 | 0,621%2 )| 0,6177 | 0,6143 | 0,6126 | 0,6111 | 0,6078 | 0,6057 | 0,6036 | 0,6027 | 0,6018
0,63 — — 0,6219 | 06182 | 0,6147 | 0,6129 | 0,6114 | 0,6080 | 0,6058 | 0,6036 | 0,606 | 0,6016
0,64 — — 0;6226 | 0,6188 | 0,6151 | 0,6132 | 0,6116 | 0,6081 | 0,6058 | 0,6035 | 0,604 | 0,6014
0,69 — A& 0,6233 | 06193 | 0,6155 | 0,6135 | 0,6118 | 0,6081 | 0,6057 | 0,6033 | 0,60R2 | 0,6011
0,64 — S 0,6239 | 06197 | 0,6158 | 0,6138 | 0,6120 | 0,6081 | 0,6056 | 0,6031 | 0,609 | 0,6008
0,67 — — 0,6245 | 0,6202 | 0,6160 | 0,6139 | 0,6121 | 0,6081 | 0,6054 | 0,6028 | 0,60[L6 | 0,6004
0,69 S — 0,6251 | 0,6205 | 0,6162 | 0,6140 | 0,6121 | 0,6079 | 0,6052 | 0,6024 | 0,601 1 | 0,5999
0,69 — — 0,6256 | 0,6209 | 0,6164 | 06141 | 0,6121 | 0,6077 | 0,6049 | 0,6019 | 0,6006 | 0,5993
0,7 0:626-0——0,6211 0,616-5——0,634-1 0:612-0—0.6074—0,604-4—1 06044106000 | 0,5986
0,71 — — 0,6264 | 0,6213 | 0,6165 | 0,6140 | 0,6118 | 0,6071 | 0,6039 | 0,6007 | 0,5993 | 0,597 8
0,72 — — 06267 | 06214 | 0,6164 | 06138 | 0,6115 | 0,6066 | 0,6033 | 0,6000 | 0,5984 | 0,5969
0,73 — — 0,6269 | 0,6214 | 0,6162 | 0,6135 | 0,6111 | 0,6060 | 0,6026 | 0,5991 | 0,5975 | 0,5959
0,74 — — 0,6271 | 06213 | 0,6159 | 0,6131 | 0,6106 | 0,6053 | 0,6017 | 0,5981 | 0,5964 | 0,5947
0,75 — — 06271 | 0,6211 | 0,6154 | 0,6125 | 0,6100 | 0,6044 | 0,6007 | 0,5969 | 0,5951 | 0,593 4

NOTE This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted.
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Table A.7 — Orifice plate with flange tappings — Discharge coefficient, C, for D = 200 mm

Diam-

eter Discharge coefficient, C, for Rej, equal to

ratio

p 5x103 | 1x10% | 2x10% | 3x10% | 5x10% | 7x10% | 1x105 | 3x105 | 1x10% | 1x107 | 1x 108 o]

0,10 | 0,6005 | 0,5989 | 0,5979 | 0,5975 | 0,5971 | 0,5969 | 0,5968 | 0,5965 | 0,5963 | 0,5963 | 0,5962 | 0,596 2
0,12 | 0,6012 | 0,5993 | 0,5982 | 0,5977 | 0,5973 | 0,5971 | 0,5969 | 0,5966 | 0,5964 | 0,5963 | 0,5963 | 0,5963
0,14 | 0,6019 | 0,5998 | 0,5985 | 0,5980 | 0,5975 | 0,5973 | 0,5971 | 0,5967 | 0,5966 | 0,5964 | 0,5964 | 0,596 4
0,16 | 0,6026 | 0,6003 | 0,5989 | 0,5983 | 0,5978 | 0,5975 | 0,5973 | 0,5969 | 0,5967 | 0,5966 | 0,5965 | 0,596 5
0,18 | 0,6033 | 06008 | 05993 | 05986 | 05981 | 0,5978 | 05975 | 05971 | 05969 | 05967 | 05967 | 0.5967
0,20 | 0,6041 | 0,6014 | 0,5997 | 0,5990 | 0,5984 | 0,5981 | 0,5978 | 0,5973 | 0,5971 | 0,5969 | 0,5968 [‘0,5p68
0,22 | 0,605|0 | 0,6020 | 0,6001 | 0,5994 | 0,5987 | 0,5984 | 0,5981 | 0,5976 | 0,5973 | 0,5971 | 0,597.0 *0,5p7 0
0,24 | 0,605/8 | 0,6026 | 0,6006 | 0,5998 | 0,5991 | 0,5987 | 0,5984 | 0,5978 | 0,5975 | 0,5973 | 05972 | 0,5p7 2
0,26 | 0,606/8 | 0,6033 | 0,6011 | 0,6003 | 0,5995 | 0,5991 | 0,5988 | 0,5981 | 0,5978 | 0,597 5 410;5975 | 0,5p7 4
0,28 | 0,607/8 | 0,6041 | 0,6017 | 0,6008 | 0,6000 | 0,5995 | 0,5992 | 0,5985 | 0,5981 | 0,597/ 0,597 7 | 0,5p7 6
0,30 | 0,608/9 | 0,6049 | 0,6024 | 0,6014 | 0,6005 | 0,6000 | 0,5996 | 0,5988 | 0,5984 | 0,598'1 | 0,5980 | 0,5p7 9
0,32 | 0,610]1 | 0,6058 | 0,6031 | 0,6020 | 0,6010 | 0,6005 | 0,6001 | 0,5992 | 0,598 8(¢[..6;5984 | 0,5983 | 0,5p82
0,34 | 0,611)4 | 0,6067 | 0,6038 | 0,6027 | 0,6016 | 0,6011 | 0,6006 | 0,5997 | 0,5992% 0,5987 | 0,5986 | 0,5p8 5
0,36 | 0,612/8 | 0,6078 | 0,6047 | 0,6034 | 0,6022 | 0,6017 | 0,6012 | 0,6002 |0,5996 | 0,5991 | 0,5989 | 0,5p88
0,38 | 0,614[4 | 0,6089 | 0,6056 | 0,6042 | 06029 | 06023 | 06018 | 0,6007] 00,6000 | 0,5995 | 0,5993 | 0,5p91
0,40 — 0,6102 | 0,6065 | 0,6051 | 0,6037 | 0,6030 | 0,6024 | 0,6012 | 0,6005 | 0,5999 | 0,5997 | 0,5p9 5
0,42 — 0,6115 | 0,6076 | 0,6060 | 0,6045 | 0,6038 | 0,6031 |¢06018 | 0,6010 | 0,6003 | 0,6001 | 0,5p98
0,44 — 0,6129 | 0,6087 | 0,6070 | 0,6054 | 0,6045 | 0,6038'0,6024 | 0,6015 | 0,6008 | 0,6004 | 0,6p02
0,46 — 0,6145 | 0,6099 | 0,6080 | 0,6063 | 0,6054 | 0,604% | 0,6030 | 0,6021 | 0,6012 | 0,6008 | 0,6P005
0,48 — 0,6161 | 0,6111 | 0,6091 | 0,6072 | 0,6062 .| (0,6054 | 0,6037 | 0,6026 | 0,6016 | 0,6012 | 0,609
0,50 — 0,6179 | 0,6124 | 0,6102 | 0,6082 | 0,6071 0,6062 | 0,6043 | 0,6032 | 0,6021 | 0,6016 | 0,6012
0,51 — 06188 | 0,6131 | 06108 | 0,6087 | 0,602%6 | 0,6067 | 0,6047 | 0,6034 | 0,6023 | 0,6018 | 0,6013
0,52 — 06197 | 0,6138 | 0,6114 | 0,6092-((0,6081 | 0,6071 | 0,6050 | 0,6037 | 0,6025 | 0,6019 | 0,6p1 4
0,53 — 0,6206 | 0,6145 | 0,6120 | 0,6097)| 0,6085 | 0,6075 | 0,6053 | 0,6039 | 0,6026 | 0,6021 | 0,6p15
0,54 — 0,6216 | 0,6152 | 0,6126 | @6102 | 0,6090 | 0,6079 | 0,6056 | 0,6042 | 0,6028 | 0,6022 | 0,6p16
0,55 — — 0,6159 | 0,613 2 [}0,6107 | 0,6094 | 0,6083 | 0,6059 | 0,6044 | 0,6030 | 0,6023 | 0,617
0,56 — — 0,6166 | 0,6138'| 06112 | 0,6099 | 0,6087 | 0,6062 | 0,6046 | 0,6031 | 0,6024 | 0,6018
0,57 — — 0,6174 |~0,6145 | 0,6117 | 0,6103 | 0,6091 | 0,6065 | 0,6048 | 0,6032 | 0,6025 | 0,6p18
0,58 — — 0,618 _N0,6151 | 0,6122 | 0,6107 | 0,6094 | 0,6067 | 0,6050 | 0,6033 | 0,6025 | 0,6018
0,59 — — 06188 | 0,6156 | 0,6127 | 0,6111 | 0,6098 | 0,6070 | 0,6051 | 0,6033 | 0,6025 | 0,6018
0,60 — — 0,6195 | 0,6162 | 0,6131 | 0,6115 | 0,6101 | 0,6072 | 0,6052 | 0,6034 | 0,6025 | 0,6p17
0,61 — — 06202 | 0,6168 | 06135 | 06119 | 06104 | 0,6073 | 0,6053 | 0,6033 | 0,6024 | 0,6016
0,62 — SN 0,6209 | 06173 | 0,6139 | 0,6122 | 0,6107 | 0,6075 | 0,6053 | 0,6033 | 0,6023 | 0,614
0,63 — — 0,6216 | 06178 | 0,6143 | 0,6125 | 0,6109 | 0,6076 | 0,6053 | 0,6032 | 0,6022 | 0,6012
0,64 — 8;622-2—T6;6183—T0;6 7T 6,612 866t +T0;60F 6T 6;6053—6;6836—T6;66+59—6;600 9
0,65 — — 0,6228 | 0,6188 | 0,6150 | 0,6130 | 0,6113 | 0,6076 | 0,6052 | 0,6028 | 0,6016 | 0,6006
0,66 — — 0,6234 | 06192 | 0,6152 | 0,6132 | 0,6114 | 0,6075 | 0,6050 | 0,6025 | 0,6013 | 0,6002
0,67 — — 0,6239 | 06195 | 0,6154 | 0,6133 | 0,6114 | 0,6074 | 0,6047 | 0,6021 | 0,6009 | 0,5997
0,68 — — 0,6244 | 06198 | 0,6155 | 0,6133 | 0,6114 | 0,6072 | 0,6044 | 0,6016 | 0,6003 | 0,5991
0,69 — — 0,6248 | 0,6201 | 0,6156 | 0,6133 | 0,6112 | 0,6069 | 0,6040 | 0,6011 | 0,5997 | 0,5984
0,70 — — 0,6252 | 0,6202 | 0,6155 | 0,6131 | 0,6110 | 0,6065 | 0,6035 | 0,6004 | 0,5990 | 0,597 6
0,71 — — 0,6255 | 0,6203 | 0,6154 | 0,6129 | 0,6107 | 0,6060 | 0,6028 | 0,5996 | 0,5982 | 0,5967
0,72 — — 0,6257 | 0,6203 | 0,6152 | 0,6126 | 0,6103 | 0,6054 | 0,6021 | 0,5988 | 0,5972 | 0,5957
0,73 — — 0,6258 | 0,6202 | 0,6149 | 0,6122 | 0,6098 | 0,6047 | 0,6012 | 0,5977 | 0,5961 | 0,594 5
0,74 — — 0,6258 | 0,6199 | 0,6145 | 0,6116 | 0,6092 | 0,6038 | 0,6002 | 0,5966 | 0,5949 | 0,5932

NOTE This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted.
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Table A.7 (continued)
Diam-
eter Discharge coefficient, C, for Re, equal to
ratio
B 5x103 | 1x104 | 2x10% | 3x104 | 5x10% | 7x104 | 1x105 | 3x105 | 1x106 | 1x107 | 1x 108 o]
0,75 — — 0,6256 | 0,6196 | 06139 | 0,6110 | 0,6084 | 06028 | 0,5991 | 0,5953 | 0,5935 | 0,5917
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

Diany=
ete] Discharge coefficient, C, for Rej, equal to
rati
B 5x103 | 1x10% | 2x10% | 3x10% | 5x10% | 7x10% | 1x105 | 3x105 | 1x10% | 1x107 |"1x 108 o0
0,10 0,6005 | 0,5989 | 0,5979 | 0,5975 | 0,5971 | 0,5969 | 0,5968 | 0,5965 | 0,5964 | 0,596'3 | 0,5963 | 0,5963
0,17 0,6012 | 0,5994 | 0,5982 | 0,5977 | 0,5973 | 0,5971 | 0,5970 | 0,5966 | 0,5965 ([~0,5964 | 0,5963 | 0,5963
0,14 0,6019 | 0,5998 | 0,5985 | 0,5980 | 0,5976 | 0,5973 | 0,5971 | 0,5968 | 0,5966 | 0,5965 | 0,5965 | 0,596 4
0,16 0,6026 | 06003 | 05989 | 0,5983 | 0,5978 | 0,5976 | 0,5974 | 0,5969 | _0,5967 | 0,5966 | 0,59p6 | 0,5966
0,19 0,6034 | 0,6009 | 0,5993 | 0,5987 | 0,5981 | 0,5978 | 0,5976 | 0,597,1+0,5969 | 0,5968 | 0,5967 | 0,5967
0,2( 0,6042 | 0,6014 | 0,5997 | 0,5990 | 0,5984 | 0,5981 | 0,5979 | 0,597%"| 0,5971 | 0,5969 | 0,5969 | 0,5969
0,27 0,6050 | 0,6020 | 06002 | 0,5994 | 0,5988 | 0,5984 | 0,5981 }~0;5976 | 0,5973 | 0,5971 | 0,591 | 0,5971
0,24 0,6059 | 0,6027 | 0,6007 | 0,5999 | 0,5991 | 0,5988 | 0,598%/| 0,5979 | 0,5976 | 0,5974 | 0,59/ 3 | 0,597 3
0,24 0,6068 | 06034 | 0,6012 | 0,6004 | 0,5996 | 0,5992 | 0,5988 | 0,5982 | 0,5978 | 0,5976 | 0,59 5 | 0,597 5
0,29 0,6079 | 0,6041 | 06018 | 0,6009 | 0,6000 | 0,5996 |-0,5992 | 0,5985 | 0,5981 | 0,5979 | 0,598 | 0,5977
0,3( 0,6090 | 0,6049 | 0,6025 | 0,6015 | 0,6005 | 0,6004\[" 0,5997 | 0,5989 | 0,5985 | 0,5982 | 0,5981 | 0,5980
0,37 0,6102 | 0,6058 | 0,6032 | 0,6021 | 0,6011 | 0,60806 | 0,6002 | 0,5993 | 0,5988 | 0,5985 | 0,5984 | 0,598 3
0,34 0,6115 | 0,6068 | 0,6039 | 0,6028 | 0,6017 |\06,6011 | 0,6007 | 0,5998 | 0,5992 | 0,5988 | 0,5987 | 0,598 6
0,34 — 0,6079 | 0,6047 | 0,6035 | 0,602B3)| 0,6017 | 0,6012 | 0,6002 | 0,5997 | 0,5992 | 0,590 | 0,5989
0,39 — 0,6090 | 0,6056 | 0,6043 | 0,6630 | 0,6024 | 0,6018 | 0,6007 | 0,6001 | 0,5996 | 0,594 | 0,5992
0,4( — 0,6102 | 0,6066 | 0,605%(\0,6038 | 0,6031 | 0,6025 | 0,6013 | 0,6006 | 0,6000 | 0,5997 | 0,5995
0,47 — 0,6116 | 0,6076 | 0,6061 | 0,6046 | 0,6038 | 0,6032 | 0,6019 | 0,6011 | 0,6004 | 0,6001 | 0,5999
0,44 — 0,6130 | 0,6087 L.0,6070 | 0,6054 | 0,6046 | 0,6039 | 0,6025 | 0,6016 | 0,6008 | 0,6005 | 0,6002
0,44 — 0,6145 | 0,609¢9 [~0,6081 | 0,6063 | 0,6054 | 0,6047 | 0,6031 | 0,6021 | 0,6012 | 0,6009 | 0,6006
0,49 — 06162 | 0,6112 | 0,6091 | 0,6072 | 0,6063 | 0,6055 | 0,6037 | 0,6026 | 0,6017 | 0,603 | 0,6009
0,5( — — 0,6125 | 0,6103 | 0,6082 | 0,6072 | 0,6063 | 0,6044 | 06032 | 0,6021 | 0,606 | 06012
0,51 — —7 0,6131 | 0,6108 | 0,6087 | 0,6076 | 0,6067 | 0,6047 | 0,6034 | 0,6023 | 0,608 | 0,6013
0,54 — 7~ 0,6138 | 0,6114 | 0,6092 | 0,6081 | 0,6071 | 0,6050 | 0,6037 | 0,6024 | 0,601L9 | 0,6014
0,53 — — 0,6145 | 0,6120 | 0,6097 | 0,6085 | 0,6075 | 0,6053 | 0,6039 | 0,6026 | 0,601 | 0,6015
0,54 — — 06152 | 0,6126 | 0,6102 | 0,6089 | 0,6079 | 0,6056 | 0,6041 | 0,6028 | 0,6022 | 0,6016
0,59 —\ — 0,6159 | 0,6132 | 0,6107 | 0,6094 | 0,6083 | 0,6059 | 0,6044 | 0,6029 | 0,603 | 0,6017
0,54 — — 0,6166 | 06138 | 06112 | 0,6098 | 0,6086 | 0,6061 | 0,6045 | 0,6030 | 0,6023 | 0,6017
0,57 — — 06173 | 0,6144 | 06116 | 06102 | 0,6090 | 0,6064 | 0,6047 | 0,6031 | 0,6024 | 0,6017
0,58 — — 0,6180 | 0,6150 | 0,6121 | 0,6106 | 0,6093 | 0,6066 | 0,6049 | 0,6032 | 0,6024 | 0,6017
0,59 — — 0,6187 | 0,6155 | 0,6125 | 0,6110 | 0,6097 | 0,6068 | 0,6050 | 0,6032 | 0,6024 | 0,6016
0,60 — — 06194 | 0,6161 | 0,6130 | 0,6114 | 0,6100 | 0,6070 | 0,6051 | 0,6032 | 0,6023 | 0,6015
0,61 — — 06201 | 0,6166 | 0,6134 | 0,6117 | 0,6103 | 0,6071 | 0,6051 | 0,6031 | 0,6023 | 0,6014
0,62 — — 0,6207 | 06171 | 0,6138 | 0,6120 | 0,6105 | 0,6072 | 0,6051 | 0,6031 | 0,6021 | 0,6012
0,63 — — 06214 | 0,6176 | 06141 | 0,6123 | 0,6107 | 0,6073 | 0,6051 | 0,6029 | 0,6019 | 0,6010
0,64 — — 0,6220 | 0,6181 | 0,6144 | 0,6125 | 0,6109 | 0,6073 | 0,6050 | 0,6027 | 0,6017 | 0,6006
0,65 — — 0,6226 | 06185 | 0,6147 | 06127 | 0,6110 | 0,6073 | 0,6048 | 0,6024 | 0,6013 | 0,6003
0,66 — — 0,6231 | 06189 | 0,6149 | 0,6128 | 0,6110 | 0,6072 | 0,6046 | 0,6021 | 0,6009 | 0,599 8
NOTE This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted.
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ISO 5167-2:2022(E)

Table A.8 (continued)

Diam-

eter Discharge coefficient, C, for Re, equal to

ratio

B 5x103 | 1x10% | 2x10% | 3x10% | 5x10% | 7x10% | 1x105 | 3x105 | 1x106 | 1x107 | 1x 108 o

0,67 — — 0,6236 | 06192 | 0,6150 | 0,6129 | 0,6110 | 0,6070 | 0,6043 | 0,6017 | 0,6004 | 0,5993
0,68 — — 0,6240 | 06194 | 0,6151 | 0,6129 | 0,6109 | 0,6067 | 0,6039 | 0,6012 | 0,5999 | 0,5986
0,69 — — — 0,6196 | 0,6151 | 0,6128 | 0,6107 | 0,6064 | 0,6035 | 0,6005 | 0,5992 | 0,5979
0,70 — — — 06197 | 0,6150 | 0,6126 | 0,6105 | 0,6059 | 0,6029 | 0,5998 | 0,5984 | 0,597 0
0,71 — — — 0,6197 | 0,6148 | 0,6123 | 0,6101 | 0,6054 | 0,6022 | 0,5990 | 0,5975 | 0,5961
0,72 — — — 0,6196 | 06145 | 0,6119 | 0,6096 | 0,6047 | 0,6014 | 0,5980 | 0,5965 [ (0,5P50
0,73 — — — 0,6194 | 0,6141 | 0,6114 | 0,6090 | 0,6039 | 0,6004 | 0,5969 | 0,595 38\ 0,5p37
0,74 — — — 06191 | 0,6136 | 0,6108 | 0,6083 | 0,6029 | 0,5994 | 0,5957 | 0,5940" | 0,5p23
0,75 — — — 06187 | 06130 | 0,6100 | 0,6074 | 0,6018 | 0,5981 | 0,5943 #10/5925 | 0,5p08

NOTE This fable 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 Discharge coefficient, C, for Re, equal to

ratio

B 5x1¢3 | 1x10% | 2x10% | 3x10% | 5x10% | 7x10% | 1x105 | 3x 102 [VY1x106 | 1x107 | 1x 108 bo

0,10 | 0,600/6 | 0,5989 | 0,5979 | 0,5975 | 0,5971 | 0,5970 | 0,5968 | 0,5965 | 0,5964 | 0,5963 | 0,5963 | 0,5p63
0,12 | 0,60143 | 0,5994 | 0,5982 | 0,5978 | 0,5974 | 0,5972 | 0,5970 4 0,5967 | 0,5965 | 0,5964 | 0,5964 | 0,5p6 4
0,14 | 0,602J0 | 0,5999 | 0,5986 | 0,5981 | 0,5976 | 0,5974 | 0,592 0,5968 | 0,5966 | 0,5965 | 0,5965 | 0,5P65
0,16 | 0,602|7 | 0,6004 | 0,5990 | 0,5984 | 0,5979 | 0,5976 | 0,5974 | 0,5970 | 0,5968 | 0,5967 | 0,5966 | 0,5p6 6
0,18 | 0,603|5 | 0,6009 | 0,5994 | 0,5987 | 0,5982 | 0,5979_Y\0,5977 | 0,5972 | 0,5970 | 0,5968 | 0,5968 | 0,5P68
0,20 | 0,6042 | 0,6015 | 0,5998 | 0,5991 | 0,5985 | 0,5982 | 0,5979 | 0,5974 | 0,5972 | 0,5970 | 0,5970 | 0,5p69
0,22 | 0,605/1 | 0,6021 | 0,6003 | 0,5995 | 0,5988 |,0,5985 | 0,5982 | 0,5977 | 0,5974 | 0,5972 | 0,5972 | 0,5p7 1
0,24 | 0,606|0 | 0,6028 | 0,6008 | 0,6000 | 0,5992 }+0,5989 | 0,5986 | 0,5980 | 0,5977 | 0,5974 | 0,5974 | 0,5p7 3
0,26 | 0,606/9 | 0,6035 | 0,6013 | 0,6005 | 0,5997 | 0,5993 | 0,5989 | 0,5983 | 0,5979 | 0,5977 | 0,5976 | 0,5p7 6
0,28 | 0,608/0 | 0,6042 | 0,6019 | 0,6010,{30;6001 | 0,5997 | 0,5993 | 0,5986 | 0,5983 | 0,5980 | 0,5979 | 0,5p7 8
0,30 — 0,6051 | 0,6026 | 0,6016,1°0,6006 | 0,6002 | 0,5998 | 0,5990 | 0,5986 | 0,5983 | 0,5982 | 0,5p81
0,32 — 0,6060 | 0,6033 | Q6022 | 0,6012 | 0,6007 | 0,6003 | 0,5994 | 0,5990 | 0,5986 | 0,5985 | 0,5p84
0,34 — 0,6069 | 0,604 0+[70,6029 | 06018 | 0,6013 | 06008 | 0,5999 | 0,5994 | 0,5989 | 0,5988 | 0,5p87
0,36 — 0,6080 | 0,6049 06036 | 0,6024 | 0,6019 | 0,6014 | 0,6004 | 0,5998 | 0,5993 | 0,5991 | 0,5p90
0,38 — 06091 | 06058 | 0,6044 | 0,6031 | 0,6025 | 0,6020 | 0,6009 | 0,6002 | 0,5997 | 0,5995 | 0,5p93
0,40 — — 0,6067 | 0,6053 | 0,6039 | 06032 | 06026 | 06014 | 0,6007 | 0,6001 | 0,5999 | 0,5p9 7
0,42 — R 0,6078 | 0,6062 | 0,6047 | 06039 | 0,6033 | 06020 | 0,6012 | 0,6005 | 0,6002 | 0,6p00
0,44 — — 0,6089 | 0,6071 | 0,6055 | 0,6047 | 0,6040 | 0,6026 | 0,6017 | 0,6009 | 0,6006 | 0,603
0,46 — — 0,6100 | 0,6082 | 0,6064 | 0,6055 | 0,6048 | 0,6032 | 0,6022 | 0,6013 | 0,6010 | 0,6p07
0,48 — — 0,6113 | 0,6092 | 0,6073 | 0,6064 | 0,6055 | 0,6038 | 0,6027 | 0,6018 | 0,6013 | 0,6010
0,50 — — 0,6125 | 0,6103 | 0,6083 | 0,6072 | 0,6063 | 0,6044 | 0,6032 | 0,6021 | 0,6017 | 0,6012
0,51 — — 06132 | 0,6109 | 0,6088 | 0,6077 | 0,6067 | 0,6047 | 0,6035 | 0,6023 | 0,6018 | 0,6014
0,52 — — 0,6139 | 0,6115 | 0,6092 | 0,6081 | 0,6071 | 0,6050 | 0,6037 | 0,6025 | 0,6019 | 0,6015
0,53 — — 0,6145 | 0,6121 | 0,6097 | 0,6085 | 0,6075 | 0,6053 | 0,6039 | 0,6026 | 0,6021 | 0,6015
0,54 — — 0,6152 | 0,6126 | 0,6102 | 0,6090 | 0,6079 | 0,6056 | 0,6041 | 0,6028 | 0,6022 | 0,6016
0,55 — — 0,6159 | 0,6132 | 0,6107 | 0,6094 | 0,6082 | 0,6058 | 0,6043 | 0,6029 | 0,6022 | 0,6017
0,56 — — 0,6166 | 0,6138 | 0,6111 | 0,6098 | 0,6086 | 0,6061 | 0,6045 | 0,6030 | 0,6023 | 0,6017
0,57 — — — 0,6144 | 0,6116 | 06102 | 0,6089 | 0,6063 | 0,6047 | 0,6030 | 0,6023 | 0,6017
0,58 — — — 0,6149 | 0,6120 | 0,6106 | 0,6093 | 0,6065 | 0,6048 | 0,6031 | 0,6023 | 0,6016

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