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Hydrometry Sectional Committee, WRD 01

NATIONAL FOREWORD

This Indian Standard (Part 3) (First Revision) which is identical to ISO 5167-3 : 2022 ‘Measurement of
fluid flow by means of pressure differential devices inserted in circular cross-section conduits running
full — Part 3: Nozzles and venturi nozzles’ issued by the International Organization for
Standardization (ISO) was adopted by the Bureau of Indian Standards on the recommendation of the
Hydrometry Sectional Committee and approval of the Water Resources Division Council.

This Indian Standard was originally published in 2018 which was identical with 1ISO 5167-3 : 2003
‘Measurement of fluid flow by means of pressure differential devices inserted in circular cross-section
conduits running full — Part 3: Nozzles and venturi nozzles’.

This standard is being published in five parts. Other parts in the series are:

Part 1 General terms and definitions
Part 2 Orifice plates
Part 4 Venturi tubes
Part 5 Cone meters

The text of ISO standard has been approved as suitable for publication as an Indian Standard without
deviations. Certain conventions are, however, not identical to those used in Indian Standards. Attention
is especially drawn to the following:

a) Wherever the words ‘International Standard’ appear referring to this standard, they should be
read as ‘Indian Standard’; and

b) Comma (,) has been used as a decimal marker, while in Indian Standards, the current
practice is to use a point (.) as the decimal marker.

This Indian Standard is confirming the sustainable development goals:

a) Affordable and clean energy; and
b) Industry, innovation and infrastructure

In this adopted standard, reference appears to the following International Standards for which Indian
Standards also exist. The corresponding Indian Standards, which are to be substituted in their place,
are listed below along with their degree of equivalence for the edition indicated:

International Standard Corresponding Indian Standard Degree of
Equivalence
ISO 5167-1 : 2003 Measurement IS 14615 (Part 1) : 2018/ISO 5167-1 : Identical

of fluid flow by means of pressure 2003 Measurement of fluid flow by means
differential devices inserted in of pressure differential devices inserted in
circular cross-section conduits circular cross-section conduits running
running full — Part 1: General full: Part 1 General principles and
principles and requirements requirements (first revision)

The Committee responsible for the preparation of this standard has reviewed the provisions of the
following ISO standard and has decided that they are acceptable for use in conjunction with this standard:

International Standard Title
ISO 4006 : 1991 Measurement of fluid flow in closed conduits — Vocabulary and symbols

(Continued on third cover)
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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 flowrate of the fluid flowing in the conduit. It also
gives necessary information for calculating the flowrate 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 within specified limits of pipe size and Reynolds number.

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

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

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

MEASUREMENT OF FLUID FLOW BY MEANS OF PRESSURE
DIFFERENTIAL DEVICES INSERTED IN CIRCULAR CROSS —
SECTION CONDUITS RUNNING FULL

PART 3 NOZZLES AND VENTURI NOZZLES

( First Revision )

1 Scope

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

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

This document is applicable to nozzles and Venturi nozzles in which the flow remains subsonic
throughout the measuring section and where the fluid can be considered as single-phase. In addition,
each of the devices can only be used within specified limits of pipe size and Reynolds number. It is
not applicable to the measurement of pulsating flow. It does not cover the use of nozzles and Venturi
nozzles in pipe sizes less than 50 mm or more than 630 mm, or where the pipe Reynolds numbers are
below 10 000.

This document deals with

a) three types of standard nozzles:
1) ISA 19321 nozzle;
2) the long radius nozzle?);
3) the throat-tapped nozzle

b) the Venturi nozzle.

The three types of standard nozzle are fundamentally different and are described separately in this
document. The Venturi nozzle has the same upstream face as the ISA 1932 nozzle, but has a divergent
section and, therefore, a different location for the downstream pressure tappings, and is described
separately. This design has a lower pressure loss than a similar nozzle. For all of these nozzles and for
the Venturi nozzle direct calibration experiments have been made, sufficient in number, spread and
quality to enable coherent systems of application to be based on their results and coefficients to be
given with certain predictable limits of uncertainty.

2 Normative references

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

1) ISAis the abbreviation for the International Federation of the National Standardizing Associations, which was
superseded by ISO in 1946.

2) The long radius nozzle differs from the ISA 1932 nozzle in shape and in the position of the pressure tappings.

1
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ISO 4006, Measurement of fluid flow in closed conduits — Vocabulary and symbols

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

3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 4006 and ISO 5167-1 apply.

ISO and IEC maintain terminological 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/

4 Principles of the method of measurement and computation

The principle of the method of measurement is based on the installation of a nozzle or a Venturi nozzle
into a pipeline in which a fluid is running full. The installation of the primary device causes a static
pressure difference between the upstream side and the throat. The flowrate can be determined from
the measured value of this pressure difference and from the knowledge of the characteristics of the
flowing fluid as well as the circumstances under which the device is being used. It is assumed that the
device is geometrically similar to one on which calibration has been carried out and that the conditions
of use are the same, i.e. that it is in accordance with this document.

The mass flowrate can be determined by Formula (1):

C o
Im =—482d2\/2APP1 €y
V1-p

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

Similarly, the value of the volume flowrate can be calculated by Formula (2) since

-
gy =Im (2)
YTop

where

p isthe fluid density at the temperature and pressure for which the volume is stated;
qy is the volume flowrate.

Computation of the flowrate, which is a purely arithmetic process, is performed by replacing the
different items on the right-hand side of Formula (1) by their numerical values. Tables A.1 to A.5 are
given for convenience. Tables A.1, A.2 and A.4 give the values of C as a function of . Table A.3 gives
the values of C as a function of Re,. Table A.5 gives expansibility (expansion) factors, €. They are not
intended for precise interpolation. Extrapolation is not permitted.

The discharge coefficient C may be dependent on Re, or Re; which is itself dependent on q,, and has to
be obtained by iteration. (See ISO 5167-1 for guidance regarding the choice of the iteration procedure
and initial estimates.)

The diameters d and D mentioned in Formula (1) are the values of the diameters at working conditions.
Measurements taken at any other conditions should be corrected for any possible expansion or
contraction of the primary device and the pipe due to the values of the temperature and pressure of the
fluid during the measurement.
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It is necessary to know the density and the viscosity of the fluid at working conditions. In the case
of a compressible fluid, it is also necessary to know the isentropic exponent of the fluid at working
conditions.

5 Nozzles and Venturi nozzles
5.1 ISA 1932 nozzle

5.1.1 General shape

The part of the nozzle inside the pipe is circular. The nozzle consists of a convergent section with a
rounded profile, and a cylindrical throat.

Figure 1 shows the cross-section of an ISA 1932 nozzle at a plane passing through the centreline of the
throat.

The letters in the following text refer to those shown on Figure 1.
5.1.2 Nozzle profile

5.1.2.1 The profile of the nozzle may be characterized by distinguishing:
— aflatinlet part A, perpendicular to the centreline;

— aconvergent section defined by two arcs of circumference B and C;

— acylindrical throat E;

— arecess F which is optional (it is required only if damage to the edge G is feared).

5.1.2.2 The flat inlet part A is limited by a circumference centred on the axis of revolution, with a
diameter of 1,5d, and by the inside circumference of the pipe, of diameter D.

When d = (2/3)D, the radial width of this flat part is zero.

When d is greater than (2/3)D, the upstream face of the nozzle does not include a flat inlet part within
the pipe. In this case, the nozzle is manufactured as if D were greater than 1,5d, and the inlet flat part
is then faced off so that the largest diameter of the convergent profile is just equal to D [see 5.1.2.7 and

Figure 1 b)].

5.1.2.3 The arc of circumference B is tangential to the flat inlet part A when d < (2/3)D while its
radius R is equal to 0,2d + 0,02d for £ < 0,5 and to 0,2d = 0,006d for f = 0,5. Its centre is at 0,2d from the
inlet plane and at 0,75d from the axial centreline.

5.1.2.4 The arc of circumference C is tangential to the arc of circumference B and to the throat E.
Its radius R, is equal to d/3 % 0,033d for f < 0,5 and to d/3 + 0,01d for g > 0,5. Its centre is at
d/2 +d/3 = (5/6)d from the axial centreline and as given by Formula (3), at

o [ 124339 4=0,3041d (3)
& 60

from the flat inlet part A.
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Figure 1 — ISA 1932 nozzle

5.1.2.5 The throat E has a diameter d and a length b, = 0,3d.

The value d of the diameter of the throat shall be taken as the mean of the measurements of at least four
diameters distributed in axial planes and at approximately equal angles to each other.

The throat shall be cylindrical. No diameter of any cross-section shall differ by more than 0,05 % from
the value of the mean diameter. This requirement is considered to be satisfied when the deviations in
the length of any of the measured diameters comply with the said requirement in respect of deviation
from the mean.
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5.1.2.6 Therecess F has a diameter c,, equal to at least 1,06d and a length less than or equal to 0,03d.
The ratio of the depth (c,, - d)/2 of the recess to its axial length shall not be greater than 1,2.

The outlet edge G shall be sharp.

5.1.2.7 The total length of the nozzle, excluding the recess F, as a function of § is equal to

2

0,604 1d for 0,3<f< 3

and

0,404 1+ O'—75—0'25—0,522 5 forz<ﬂ£0,8.
B p? 3
5.1.2.8 The profile of the convergent inlet shall be checked by means of a template.

Two diameters of the convergent inlet in the same plane perpendicular to the axial centreline shall not
differ from each other by more than 0,1 % of their mean value.

5.1.2.9 The surface of the upstream face and the throat shall be such that they have a roughness
criterion Ra < 10~4d.

5.1.3 Downstream face
5.1.3.1 The thickness, H shall not exceed 0,1D.

5.1.3.2 Apart from the condition given in 5.1.3.1, the profile and the surface finish of the downstream
face are not specified (see 5.1.1).

5.1.4 Material and manufacture

The ISA 1932 nozzle may be manufactured from any material and in any way, provided that it remains
in accordance with the foregoing description during flow measurement.

5.1.5 Pressure tappings

5.1.5.1 Corner pressure tappings shall be used upstream of the nozzle.

The upstream pressure tappings may be either single tappings or annular slots. Both types of tappings
may be located either in the pipe or its flanges or in carrier rings as shown in Figure 1.

The spacing between the centrelines of individual upstream tappings and face A is equal to half the
diameter or to half the width of the tappings themselves, so that the tapping holes break through the
wall flush with face A. The centreline of individual upstream tappings shall meet the centreline of the
primary device at an angle of as near 90° as possible.

The diameter 6; of a single upstream tapping and the width a of annular slots are specified below. The
minimum diameter is determined in practice by the need to prevent accidental blockage and to give
satisfactory dynamic performance.

For clean fluids and vapours:
— for £<0,65:0,005D <aord; <0,03D
— for£>0,65:0,01D<aord; <0,02D.
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For any value of S

— forclean fluids: 1 mm < g or §; < 10 mm

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

— for vapours and for liquefied gases, in the case of single tappings: 4 mm < §; < 10 mm.

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

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

The internal diameter b of the carrier rings shall be greater than or equal to the diameter D of the pipe,
to ensure that they do not protrude into the pipe, but shall be less than or equal to 1,04D. Moreover, the
following condition shall be met:
b=D, € v100s— 21
D 0,1+2,38*

(4)

The length c of the upstream ring (see Figure 1) 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.

All surfaces of the ring which are in contact with the measured fluid shall be clean and shall have a well-
machined finish.

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.

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

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.

5.1.5.2 The downstream pressure tappings may either be corner tappings as described in 5.1.5.1 or
be as described in the remainder of this subclause.

The distance between the centre of the tapping and the upstream face of the nozzle shall be
— <0,15D for £ <0,67;
— <0,20D for > 0,67.

When installing the pressure tappings, due account shall be taken of the thickness of the gaskets and/
or sealing material.

The centreline of the tapping shall meet the pipe centreline at an angle as near to 90° as possible but in
every case within 3° of the perpendicular. At the point of break-through, the hole shall be circular. The
edges shall be flush with the internal surface of the pipe wall and as sharp as possible. To ensure the
elimination of all burrs or wire edges at the inner edge, rounding is permitted but shall be kept as small
as possible and, where it can be measured, its radius shall be less than one-tenth of the pressure-tapping
diameter. No irregularity shall appear inside the connecting hole, on the edges of the hole drilled in the
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pipe wall or on the pipe wall close to the pressure tapping. Conformity of the pressure tappings with
the requirements of this paragraph may be judged by visual inspection.

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

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

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.

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

The axis of the upstream tapping and that of the downstream tapping may be located in different axial
planes.

5.1.6 Coefficients of ISA 1932 nozzles

5.1.6.1 Limits of use
This type of nozzle shall only be used in accordance with this document when

— 50mm<D<500mm;

— 0,3<6<0,58;

and when Rej, is within the following limits:

— for0,30<pB<0,44 7 x 10% < Rej, < 107;
— for0,44<$<0,80 2 x 10* < Re, < 107.

In addition, the relative roughness of the pipe shall conform to the values given in Table 1.

Table 1 — Upper limits of relative roughness of the upstream pipe for ISA 1932 nozzles

B <0,35| 0,36 | 0,38 | 0,40 | 042 | 044 | 046 | 048 | 0,50 | 0,60 | 0,70 | 0,77 | 0,80
104 Ra/D| 8,0 59 4,3 3,4 2,8 2,4 2,1 19 1,8 1,4 1,3 1,2 1,2

NOTE Most of the data on which this table is based were probably collected in the range Re,, < 105; at higher Reynolds
numbers more stringent limits on pipe roughness are probably required.

Most of the experiments on which the values of the discharge coefficient C given in this document are
based were carried out in pipes with a relative roughness Ra/D < 1,2 x 10~%. Pipes with higher relative
roughness may be used if the roughness for a distance of at least 10D upstream of the nozzle is within
the limits given in Table 1. Information as to how to determine Ra is given in [SO 5167-1.

5.1.6.2 Discharge coefficient, C
The discharge coefficient, C, is given by Formula (5):

6 \1.15
€=0,990 0-0,226 28*1 —(0,001 7552 -0,003 3/34'15)[}12&] 5)
€p

Values of C as a function of f# and Rep are given for convenience in Table A.1. These values are not
intended for precise interpolation. Extrapolation is not permitted.
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5.1.6.3 Expansibility [expansion] factor, €

The expansibility [expansion] factor, ¢, is calculated by means of Formula (6):

~ K,,L_Z/K‘ 1—ﬁ4 1_T(K—1)/K
e

Formula (6) is applicable only for values of B, D and Rej as specified in 5.1.6.1. Test results for
determination of € are only known for air, steam and natural gas. However, there is no known objection
to using the same formula for other gases and vapours for which the isentropic exponent is known.

However, Formula (6) is applicable only if p,/p; 2 0,75.

Values of the expansibility [expansion] factor for a range of isentropic exponents, pressure ratios
and diameter ratios are given for convenience in Table A.5. These values are not intended for precise
interpolation. Extrapolation is not permitted.

5.1.7 Uncertainties

5.1.7.1 Uncertainty of discharge coefficient, C

When B, D, Repy 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

— 0,8 % for $<0,6;
— (2-0,4) % for > 0,6.

5.1.7.2 Uncertainty of expansibility [expansion] factor ¢

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

28P o
P1

5.1.8 Pressure loss, Aw

The pressure loss, Aw, for the ISA 1932 nozzle is approximately related to the differential pressure Ap

by Formula (7)

1/1—[34(1—(:2)—(:[32
Ap (7)
J1-B*(1-¢%)+cp?

This pressure loss is the difference in static pressure between the pressure measured at the wall
on the upstream side of the primary device at a section where the influence of the approach impact
pressure adjacent to the device is still negligible (approximately D upstream of the primary device)
and that measured on the downstream side of the primary device where the static pressure recovery
by expansion of the jet may be considered as just completed (approximately 6D downstream of the
primary device).

AD =
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The pressure loss coefficient, K, for the ISA 1932 nozzle is

2
1-p*(1-¢?)
K= > -1 (8)
Cp
where K is defined by Formula (9):
K= : AD ©)
Zp,U?
> P1

5.2 Longradius nozzles

5.2.1 General

There are two types of long radius nozzles, which are called
— high-ratio nozzles (0,25 < < 0,8);

— low-ratio nozzles (0,20 < < 0,5).

For 8 values between 0,25 and 0,5 either design may be used.

Figure 2 illustrates the geometric shapes of long radius nozzles, showing cross-sections passing through
the throat centrelines.

The reference letters used in the text refer to those shown on Figure 2.

Both types of nozzles consist of a convergent inlet, whose shape is a quarter ellipse, and a cylindrical
throat.

That part of the nozzle which is inside the pipe shall be circular, with the possible exception of the holes
of the pressure tappings.

5.2.2 Profile of high-ratio nozzle

5.2.2.1 The inner face can be characterized by
— aconvergent section A;
— acylindrical throat B;

— aplainendC.

5.2.2.2 The convergent section A has the shape of a quarter ellipse.

The centre of the ellipse is at a distance D/2 from the axial centreline. The major centreline of the ellipse
is parallel to the axial centreline. The value of half the major axis is D/2. The value of half the minor axis
is (D -d)/2.

The profile of the convergent section shall be checked by means of a template. Two diameters of the
convergent section in the same plane perpendicular to the centreline shall not differ from each other by
more than 0,1 % of their mean value.

5.2.2.3 The throat B has a diameter d and a length 0,6d.

The value d of the diameter of the throat shall be taken as the mean of the measurements of at least four
diameters distributed in axial planes and at approximately equal angles to each other.
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The throat shall be cylindrical. Any diameter of any cross-section shall not differ by more than 0,05 %
from the value of the mean diameter. Measurement at a sufficient number of cross-sections shall be
made to determine that under no circumstances is the throat divergent in the direction of flow; within
the stated uncertainty limits it may be slightly convergent. The section nearest the outlet is particularly
important in this respect. This requirement is considered to be satisfied when the deviations in the
length of any of the measured diameters comply with the said requirement in respect of its deviation

from the mean.

D/2 0,6d

(D - d)/2

Db/2

oD
D,
od
|
!
|
|
|
|
|
|

R @ ‘
H

a) Highratio 0,25<£<0,8

10
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(2/3)d

(7/6)d

$D
D,
¢d

H

b) Lowratio 0,2<<0,5

a Direction of flow.

Figure 2 — Long radius nozzles

5.2.2.4 The distance between the pipe wall and the outside face of the throat shall be greater than or
equal to 3 mm.

5.2.2.5 The thickness H shall be greater than or equal to 3 mm and less than or equal to 0,15D. The
thickness F of the throat shall be greater than or equal to 3 mm, unless D < 65 mm, in which case F
shall be greater than or equal to 2 mm. The thickness shall be sufficient to prevent distortion due to
machining stresses.

5.2.2.6 The surface of the inner face shall have a roughness criterion Ra < 10~4d.

5.2.2.7 The shape of the downstream (outside) face is not specified but shall comply with 5.2.2.4 and
5.2.2.5 and the last sentence of 5.2.1.

5.2.3 Profile of low-ratio nozzle

5.2.3.1 The requirements given in 5.2.2 for the high-ratio nozzle shall apply also to the low-ratio
nozzle with the exception of the shape of the ellipse itself which is given in 5.2.3.2.

5.2.3.2 The convergent inlet A has the shape of a quarter ellipse. The centre of the ellipse is at a
distance d/2 + (2/3)d = (7/6)d from the axial centreline. The major axis of the ellipse is parallel to the
axial centreline. The value of half the major axis is d. The value of half the minor axis is (2/3)d.
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5.2.4 Material and manufacture

The long radius nozzle may be manufactured from any material and in any way, provided that it remains
in accordance with the foregoing description during flow measurement.

5.2.5 Pressure tappings

5.2.5.1 The centreline of the upstream tapping shall be at 1Df8'fg from the inlet face of the nozzle.

The centreline of the downstream tapping shall be at 0,50D * 0,01D from the inlet face of the nozzle
except in the case of a low ratio nozzle with 8 < 0,318 8 for which the centreline of the downstream

tapping shall be at 1,6Df8'02D from the inlet face of the nozzle.

When installing the pressure tappings, due account shall be taken of the thickness of the gaskets and/
or sealing material.

5.2.5.2 The centreline of the tapping shall meet the pipe centreline at an angle as near to 90° as
possible but in every case within 3° of the perpendicular. At the point of break-through the hole shall
be circular. The edges shall be flush with the internal surface of the pipe wall and as sharp as possible.
To ensure the elimination of all burrs or wire edges at the inner edge, rounding is permitted but shall
be kept to a minimum and, where it can be measured, its radius shall be less than one-tenth of the
pressure-tapping diameter. No irregularity shall appear inside the connecting hole, on the edges of the
hole drilled in the pipe wall or on the pipe wall close to the pressure tapping. Conformity of the pressure
tappings with the requirements of this paragraph may be judged by visual inspection.

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

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

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.

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

The axis of the upstream tapping and that of the downstream tapping may be located in different axial
planes.

5.2.6 Coefficients of long radius nozzles

5.2.6.1 Limits of use

The long radius nozzles shall only be used in accordance with this document when
— 50mm<D<630mm;

— 0,2<8<0,8;

— 10%< Re, <107

— Ra/D < 3,2 x 10~* in the upstream pipe work.

Pipes with higher relative roughness may be used if the roughness for a distance of at least 10D
upstream of the nozzle is within the limit given above. Information as to how to determine Ra is given
in ISO 5167-1.

NOTE Most of the data on which this pipe roughness limit is based, were probably collected in the range
Re,; < 106; at higher Reynolds numbers more stringent limits on pipe roughness are probably required.
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5.2.6.2 Discharge coefficient, C

The discharge coefficients, C, are the same for both types of long radius nozzle when the tappings are in
accordance with 5.2.5.

The discharge coefficient, C, is given by Formula (10), when referring to the upstream pipe Reynolds
number Re:

10° 8

ReD

When referring to the Reynolds number at the throat Re;, Formula (10) becomes

10°
€=0,9965-0,00653, | — (11)
Red

Values of C as a function of f and Rej, are given for convenience in Table A.2. These values are not
intended for precise interpolation. Extrapolation is not permitted.

€=0,9965-0,00653 (10)

5.2.6.3 Expansibility [expansion] factor, ¢

The indications given in 5.1.6.3 (ISA 1932 nozzle) apply also to the expansibility [expansion] factor for
long radius nozzles, but within the limits of use specified in 5.2.6.1.

5.2.7 Uncertainties

5.2.7.1 Uncertainty of discharge coefficient C

When f and Re; 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 2,0 % for all values of f between 0,2 and 0,8.

5.2.7.2 Uncertainty of expansibility [expansion] factor ¢

U’E , the relative expanded uncertainty of the value of € at k = 2 (approximately 95 % confidence level), is
equal to

5.2.8 Pressure loss, Aw

Subclause 5.1.8 (ISA 1932 nozzle) applies equally to the pressure loss of long radius nozzles.
5.3 Throat-tapped nozzles

5.3.1 General

Figure 3 illustrates the geometric shapes of throat-tapped nozzles, showing cross-sections passing
through the throat centrelines.

The reference letters used in the text refer to those shown on Figure 3.

Both types of nozzles consist of a convergent inlet, whose shape is a quarter ellipse, and a cylindrical
throat.
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The difference between the two throat-tapped nozzles is the pressure tapping in the throat: either
pressure tapping is allowed. The upstream tapping shall be located D upstream of the inlet face.

5.3.2 Profile of throat-tapped nozzle

5.3.2.1 The inner face can be characterized by
— aninletface E;
— aconvergent section A;

— acylindrical throat B.
5.3.2.2 The arc of circumference A is not always tangential to the inlet face E.
5.3.2.3 The shape of A is an ellipse with r; =d £ 0,000 2d and 0,625d < r, < 0,67d.

5.3.2.4 The throat shall be cylindrical. No diameter of any cross-section shall differ by more than
0,05 % from the value of the mean diameter. This requirement is considered to be satisfied when the
deviations in the length of any of the measured diameters comply with the said requirement in respect
of deviation from the mean.

5.3.2.5 In the cylindrical throat B, L, is 0,5d. The tolerance of L; + L, shall be £0,005d. L5 shall be
0,25d < L; <0,3d.

5.3.2.6 The internal surfaces A and B should be hydraulically smooth. The roughness factor Ra should
satisfy the following relation.

R _
20 < 14Re, 02 (12)
d
v -
AL" ry r \
y
| s T
E—> N - / F
— Q © %
- ST — %7 Tnre <70
A Bl ?B
LE \al oF
G P 450
D L1 Lz L3 ;"7"«
|
a) Detail of F
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a Direction of flow.

Figure 3 — Throat-tapped nozzles

5.3.3 Material and manufacturing

The throat-tapped flow nozzle may be manufactured from any material and in any way, provided that it
remains in accordance with the foregoing description during flow measurement.

The throat-tapped flow nozzle is usually made of metal and shall be erosion- and corrosion-proof
against the fluids with which it is to be used.

5.3.4 Pressure tappings

5.3.4.1 Angular position of the pressure tappings

The centrelines of the pressure tappings may be located in any axial sector of the pipe. However,
consideration should be given to tapping position if contaminants, liquid droplets or gas bubbles are
likely to be present. In these cases, the base and top of the pipe should be avoided.

The upstream and downstream tappings shall each comprise at least two single pressure tappings
leading into an annular chamber, a piezometer ring or, if there are four tappings, a “triple-T” arrangement
(see ISO 5167-1:2022, 5.4.3). Annular slots or interrupted slots shall not be used.

5.3.4.2 Circularity and edge of pressure tappings

The pressure tappings shall be circular over a length of at least 2,5 times the internal diameter of the
tappings, measured from the inner wall of the nozzle. The edge of the pressure tappings shall be a sharp
corner without any burrs.

5.3.4.3 Upstream tapping

The centreline of the upstream tapping shall be at 1Df8'fg from the inlet face of the nozzle. The

diameter d;; shall be from 2 mm to 7 mm.
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5.3.4.4 Throat tapping

The centrelines of the throat tappings shall meet the centreline of the throat-tapped flow nozzle
and shall be at equal angles to each other. The centrelines of the throat tappings shall lie in a plane
perpendicular to the centreline of the nozzle.

The diameter dr shall be from 2 mm to 7 mm and d/d shall be from 0,01 to 0,04. It is recommended that
dy and dy should be the same.

5.3.5 Coefficients

5.3.5.1 Limits of use

The throat-tapped flow nozzle shall only be used in accordance with this document when
— 100 mm < D <630 mm,

— 0,4<p<0,5,

— 8x10°<Re;<2x107,

— 2mm<d; <7 mm,

— 2mm<dy<7mm,

— 0,01=d;/d<0,04,

— Ra/D < 28 Re,”%92 in the upstream pipe work within 4D.

5.3.5.2 Discharge coefficient, C
The discharge coefficient C (see References [5] to[8]) is given by Formulae (13) and (14),

0,8

€=1,0090— 0'252 1- 200000 17 (8.0 x 105 < Re, < 3,0 x 106) (13)
Red ’ Red
0,255 (. 400 000 ®

€=0,9823-— 1- +0,0018In(Re,; ) (for 3,0 x 106 < Re) (14)
Red ’ ed

Values of C as a function of Re,; are given for convenience in Table A.3. They are not intended for precise
interpolation. Extrapolation is not permitted.

5.3.5.3 Expansibility [expansion] factor, €

The indications given in 5.1.6.3 (ISA 1932 nozzle) apply also to the expansibility factor for throat-tapped
flow nozzles, but within the limits of use specified in 5.3.5.1.

5.3.6 Uncertainties

5.3.6.1 Uncertainty of discharge coefficient C

Within the limits of use specified in 5.3.5.1, U,C, the relative expanded uncertainty of the value of C at
k = 2 (approximately 95 % confidence level), without calibration is 0,7 %.

NOTE In compressible flow the uncertainty can increase where there is a change in throat tapping diameter
at the right-angled bend within the nozzle and nearest to the throat itself.
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5.3.6.2 Uncertainty of expansibility [expansion] factor ¢

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

5.3.7 Calibration and extrapolation
To obtain more precise uncertainty, the calibration shall be done according to the following.
— Measurement shall be done at 6 or more different Reynolds numbers.

— Maximum Reynolds number of the calibration shall be Re; > 2,5 x 106. Minimum Reynolds number
of the calibration shall be 8,0 x 10°> < Re; < 1,5 x 106.

— The correction coefficient k in the following Formula is calculated for each measurement Reynolds
number using the discharge coefficient C, obtained from the calibration.

0,8
' d
k=C, + 0’252 1- 20000007 19697 (for 8,0 x 105 < Re,<3,0 x 106) (15)
Red ’ Red d
0,255 (. 400 000 \"° d
k=Co+—=—|1- —{0,074 6In(Re,; )—0,905 1}— (for 3,0 x 106 < Re) (16)
Red ! Red d

The discharge coefficient can be calculated by installing the mean value of k in the next equation.

C=k

_ 0,255/, 400 000
0,2

0,8
' d
J +{0,074 61In(Re;)—0,905 1}7T (17)

Red Red

Formula (17) can be used where 3,0 x 106 < Re; < 2,0 x 107 and Re,dy /d < 4,5 x 105 as the extrapolation
of the calibration result. U, the relative expanded uncertainty of the value of C at k = 2 (approximately
95 % confidence level), is given by the following:

\/0'32 +U£‘,ca12 (%)

where U’c ., is the relative expanded uncertainty of the value of the discharge coefficient from the
calibration facility at k = 2 (approximately 95 % confidence level). The calibration shall be performed
at a facility operating in accordance with ISO/IEC 17025. The operational pipe design should be
replicated at the calibration facility in order to reduce the uncertainty of the throat-tapped flow nozzle
in its installation. If a flow conditioner is used, the calibration pipe work is considered to replicate
the operational pipe work sufficiently when the pipe work is in accordance with 6.3.2 and the same
upstream pipe and flow conditioner are used in both calibration and operation.

NOTE In compressible flow the uncertainty can increase where there is a change in throat tapping diameter
at the right-angled bend within the nozzle and nearest to the throat itself.

5.3.8 Pressure Loss

Subclause 5.1.8 (ISA 1932 nozzle) applies equally to the pressure loss of throat-tapped flow nozzles.
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5.4 Venturi nozzles
5.4.1 General shape

5.4.1.1 The profile of the Venturi nozzle (see Figure 4) is axisymmetric. It consists of a convergent
section with a rounded profile, a cylindrical throat and a divergent section.

5.4.1.2 The upstream face is identical with that of an ISA 1932 nozzle (see Figure 1).

5.4.1.3 The flat inlet part A is limited by a circumference centred on the axis of revolution, with a
diameter of 1,5d, and by the inside circumference of the pipe, of diameter D.

When d = (2/3)D, the radial width of this flat partis zero.

When d is greater than (2/3)D, the upstream face of the nozzle does not include a flat inlet part within
the pipe. In this case, the nozzle is manufactured as if D were greater than 1,5d and the inlet flat part is
then faced off so that the largest diameter of the convergent profile is just equal to D.

5.4.1.4 The arc of circumference B is tangential to the flat inlet part A when d < (2/3)D while its
radius R; is equal to 0,2d + 0,02d for < 0,5 and to 0,2d + 0,006d for > 0,5. Its centre is at 0,2d from the
inlet plane and at 0,75d from the axial centreline.

5.4.1.5 The arc of circumference C is tangential to the arc of circumference B and to the throat E.
Its radius R, is equal to d/3 * 0,033d for f < 0,5 and to d/3 % 0,01d for f = 0,5. Its centre is at
d/2 +d/3 = (5/6)d from the axial centreline and at

n

#d:&%é} 1d (18)

from the flat inlet part A.

5.4.1.6 The throat (see Figure 4) consists of a part E of length 0,3d and a part F of a length 0,4d to
0,45d.

The value d of the diameter of the throat shall be taken as the mean of measurements of at least four
diameters distributed in axial planes and at approximately equal angles to each other.

The throat shall be cylindrical. No diameter of any cross-section shall differ by more than 0,05 % from
the value of the mean diameter. This requirement is considered as satisfied when the deviations in the
length of any of the measured diameters comply with the said requirement in respect of deviation from
the mean.
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Figure 4 — Venturi nozzle

The included angle of the divergent section, ¢, shall be less than or equal to 30°.

5.4.1.7 The divergent section (see Figure 4) shall be connected with the part F of the throat without a
rounded part, but any burrs shall be removed.

The length L of the divergent section has practically no influence on the discharge coefficient C. However,
the included angle of the divergent section, and hence the length, does influence the pressure loss.

5.4.1.8 A Venturinozzle is called “truncated” when the outlet diameter of the divergent section is less
than the diameter D and “not truncated” when the outlet diameter is equal to diameter D. The divergent
portion may be truncated by about 35 % of its length without notably modifying the pressure loss of
the device.

5.4.1.9 The internal surfaces of the Venturi nozzle shall have a roughness criterion Ra < 10~4d.
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5.4.2 Material and manufacture

5.4.2.1 The Venturi nozzle may be manufactured from any material provided that it is in accordance
with the description given in 5.4.1 and will remain so during use. In particular, the Venturi nozzle shall
be clean when the flow measurements are made.

5.4.2.2 The Venturi nozzle is usually made of metal and shall be erosion- and corrosion-proof against
the fluid with which it is to be used.

5.4.3 Pressure tappings

5.4.3.1 Angular position of the pressure tappings

The centrelines of the pressure tappings may be located in any axial sector of the pipe. However,
consideration should be given to tapping position if contaminants, liquid droplets or gas bubbles are
likely to be present. In these cases the base and top of the pipe should be avoided.

5.4.3.2 Upstream pressure tappings

The upstream pressure tappings shall be corner tappings (see 5.1.5.1). The tappings may be located
either in the pipe or its flanges or in carrier rings as shown in Figure 5.

5.4.3.3 Throat pressure tappings

The throat pressure tappings shall comprise at least four single pressure tappings leading into
an annular chamber, piezometer ring or, if there are four tappings, a “triple-T” arrangement (see
[SO 5167-1:2022, 5.4.3). Annular slots or interrupted slots shall not be used.

The centrelines of the pressure tappings shall meet the centreline of the Venturi nozzle and shall be
at equal angles to each other. The centrelines of the throat pressure tappings shall lie in the plane
perpendicular to the centreline of the Venturi nozzle, which is the imaginary border between the
parts E and F of the cylindrical throat.

The diameter &, of the individual tappings in the throat of Venturi nozzles shall be less than or equal to
0,04d and moreover shall be between 2 mm and 10 mm.

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

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

Conformity of the pressure tappings with the requirements specified may be judged by visual
inspection.
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Figure 5 — Venturi nozzle — Pressure tappings

5.4.4 Coefficients

5.4.4.1 Limits of use

Venturi nozzles shall only be used in accordance with this document when

65 mm <D <500 mm,

d =50 mm,

0,316 <3 <0,775,

1,5 x 105 < Rej < 2 x 106

In addition, the roughness of the pipe shall conform to the values given in Table 2.

Most of the experiments on which the values of the discharge coefficient C are based were carried out
on pipes with a relative roughness Ra/D < 1,2 x 10~4. Pipes with higher relative roughness may be used
if the roughness over a distance of at least 10D upstream of the Venturi nozzle is within the limits of
Table 2. Information as to how to determine Ra is given in [SO 5167-1.
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Table 2 — Upper limits of relative roughness of the upstream pipe for Venturi nozzles

B <0,35 | 0,36 0,38 0,40 0,42 0,44 0,46 0,48 0,50 0,60 0,70 | 0,775
104 Ra/D| 8,0 59 4,3 34 2,8 2,4 2,1 19 1,8 1,4 1,3 1,2

5.4.4.2 Discharge coefficient, C

The discharge coefficient, C, is given by the formula

€=0,985 8-0,1968+° (19)
Values of C as a function of § are given for convenience in Table A.4. They are not intended for precise
interpolation. Extrapolation is not permitted.

NOTE Within the limits specified in 5.4.4.1, Cis independent of the Reynolds number and of the pipe diameter
D.

5.4.4.3 Expansibility [expansion] factor, ¢

The indications given in 5.1.6.3 (ISA 1932 nozzle) apply also to the expansibility [expansion] factor for
Venturi nozzles, but within the limits of use specified in 5.4.4.1.

5.4.5 Uncertainties

5.4.5.1 Uncertainty of discharge coefficient C

Within the limits of use specified in 5.4.4.1 and when £ is 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

(1,2+1,5[34)%

5.4.5.2 Uncertainty of expansibility [expansion] factor ¢

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

(4+100[38)£ %
p1

5.4.6 Pressure loss
The indications given in 5.4.6 apply to Venturi nozzles when the divergent angle is not greater than 15°.

The relative pressure loss, &, is the value of the pressure loss Ap” — Ap' related to the differential
pressure Ap:

B Ap”_Ap/

S A

(20)

It is shown in Figure 6 and depends, in particular, on

— the diameter ratio (¢ decreases when f§ increases),
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— the Reynolds number (¢ decreases when Rej, increases),

— the manufacturing characteristics of the Venturi nozzle, i.e. angle of the divergent, manufacturing
of the convergent, surface finish of the different parts, etc (¢ increases when ¢ and Ra/D increase),

— the installation conditions (good alignment, roughness of the upstream conduit, etc.).

For guidance, when the divergent angle is not greater than 15° the value of the relative pressure loss
can be accepted as being generally between 5 % and 20 %.

>(60)

>[

oD

Ap"

a Pressure loss.
b Direction of flow.

Figure 6 — Pressure loss across a Venturi nozzle

6 Installation requirements

6.1 General

General installation requirements for pressure differential devices are contained in ISO 5167-1:2022,
Clause 7 and should be followed in conjunction with the additional specific installation requirements
for nozzles and Venturi nozzles 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 (detailed requirements are given in 6.2).

6.2 Minimum upstream and downstream straight lengths for installation between
various fittings and the primary device

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

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

6.2.3 When the straight lengths used are equal to or longer than the values specified in Columns A
of Table 3 for “zero additional uncertainty”, it is not necessary to increase the uncertainty in discharge
coefficient to take account of the effect of the particular installation.
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6.2.4 When the upstream or downstream straight length is shorter than the value corresponding
to “zero additional uncertainty” shown in Columns A and either equal to or greater than the “0,5 %
additional uncertainty” value shown in Columns B of Table 3 for a given fitting, an additional relative
uncertainty of 0,5 % shall be added arithmetically to the relative expanded uncertainty of the discharge
coefficient.

24



2024

IS 14615 (Part 3)
ISO 5167-3

2022

g uwnjo) 10y syr8usayySreays paainbau ayy 2418 03 pasn aq pinod yarym sy3Sus| JySrea)s 19110Ys 10J d[(e[IEAL J0U d.IE BIeD ‘AjulelIadun [euonIppe 019z saA1S y uwnjo) ur yaSuapjySrens ay ], B
(37779 99s) sanjea ,Ajure)rasun [eUOI}IPPE % G0, 03 Surpuodsa.iod syrdua| saals Suniyy yoea 10y g uwinjo) P
(€779 99s) sanjea ,Ajureladun [euonippe 019z, 03 urpuodsariod syidus| saald Suniy yoes 10j y uwnjon 3
sSuny 1oy3o ayy a0y syiSuay jySreais weaqisdn wnwirurw paanbad ay) 193[e 30U [[IM S[[oM .10 S3300d 1939WOULIIY) JO UOIIB[[BISUI Y L, q
a[qissturiad aae g jo sanfea [[ejou 92149p Arewlid Jo sad£) awos 10, e
"BIEP WISPOUW UO Paseq jou ate syidua[asayl,  Z ALON
*90149p Arewrad a3 jo aoej weaysdn
a1 wo.j paanseawt aq [[eys sy1Sua]IySreas [[y J@si1 921aap Arewrid ay) pue 9d149p Atewrid ay) Jo wealisumop 1o weasisdn pajeso] sunily snoriea usamiaq syrsus| ay aae paamnbaa syySusyjydrens wnwiurw ay, T ALON
14 8 0T 0¢ € S ST 0€ ST 0€ [44 144 LT S ST 0€ (04 08 14 0S €C 9% 080
4 8 0T 0¢ € S ST 0€ A 44 8T 9€ 61 8¢ 11 [44 S€ 0L 1C (44 8T 9¢€ SL0
S'e L 0T 0¢ € S ST 0€ 0T 0¢ 91 (43 ST 0€ L 1 123 29 81 9¢€ 1 8¢ 0.0
S‘e L 0T 0¢ € S ST 0€ 8 91 14" 8¢ €T 14 9 11 LT S 91 [4% 1T (44 590
S'g L ot 0¢ € S ST 0€ L 1 €1 9¢ 1T (44 S 6 44 87 €1 9¢ 6 81 090
€ 9 0T 0¢ € S ST 0€ L 1 48 44 0T 0¢ S 8 (44 144 1T [44 8 91 S50
€ 9 0T 0¢ € S ST 0€ 9 4 11 (44 6 8T S 9 0¢ 0¥ 0T 0¢ L 1 0S0
€ 9 0T (V4 € S ST 0€ 9 (4" 0T 0C 6 LT 9 S 61 8¢ 6 8T L 1 S¥0
€ 9 0T 0¢ € S ST 0€ 9 (4" 0T 0¢ 8 91 d S 8T 9¢ 6 8T L 1 0%0
ST S ot 0¢ € S ST 0€ 9 (A" 6 81 8 91 9 S 8T 9¢€ 8 91 9 (4" S€0
ST S 0T 0¢ € S ST 0€ 9 A 6 8T 8 91 9 S LT e 8 91 9 0T 0€0
4 14 0T 0¢ € S ST 0€ 9 4 6 8T 8 91 9 S L1 43 L 1 9 0T SZ°0
4 4 0T 0¢Z € S ST 0€ 9 (A" 6 81 8 91 9 S LT e L 4" 9 o1 0zZ‘0
pd oV pd oV pd oV pd oV pd oV pd oV pd oV pd oV pd oV pd oV pd oV
1 1 0T 6 8 L 9 S 4 € 4 T
asto
pue geoo acoo> azoya aco1gst soueyd ouerd (A[uo youe.uq
(g o3 usamiaq JI9)aUWelp Jo uononpal uado Anjy Jo jo
uado A[[nj JUDIJJIP Qures ay) QU0 W0.1j MO[J)
Z suwnjo)) JI9)9WeIp jo qlleMm [eoLiowwIAS | dA[ea d3ed .ao y1Sud[ e 1340 | YISua| e .I2A0
aA[eA 9qo[H . ulspuaq .06 | UISpuaq .06 993 .10 puaq
sgunig qlPm 10 39¥d0d 1dnaqy [1eq a.10q [[ng do013dso aoiqge SIOULIO O g
ML | 9J0UI.I0 OM], 206 d[3UIS
J1039ypod J19]19WOULIdY I, Jopuedxy J19onpay
J9)9WIOULIdY I,
ERIVE)
Arewrrad e
3yl jo 921A3p Axewrid ay3 jo apis (39[ur) wearysdn onel
apis (3a91In0) v_oumEmE
wrea.ajsumoq :

@ ‘193owelp [eUIIUI Jo sa[dinur se passaidxe sanfep

S9[ZZOoU LINJU3\ pue S3[zZou .10J sy1Sua JySreaqys paarnbay — ¢ ajqeL

25



IS 14615 (Part 3) : 2024
ISO 5167-3 : 2022

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

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

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

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

6.2.7 In the metering system, upstream valves which are match-bored to the adjacent pipework and
are designed in such a manner that in the fully opened condition there are no steps greater than those
permitted in 6.4.3, can be regarded as part of the metering pipework length and do not need to have
added lengths as in Table 3 provided that when flow is being measured they are fully open.

6.2.8 The values given in Table 3 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,
the following information may be used as a guide for normal installation practice.

a) If the primary device is installed in a pipe leading from an upstream open space or large vessel,
either directly or through any other fittings covered by Table 3, the total length of pipe between
the open space and the primary device shall never be less than 30D. If a fitting covered by Table 3 is
installed then the straight lengths specified in the Tables shall also apply between this fitting and
the primary device.

A metering system header is not an open space or large vessel in this instance. A large vessel
shall have a cross-sectional area of at least 10 times that of the metering tube. In the case of a
normal header whose cross-sectional area is typically equal to 1,5 times the cross-sectional area
of the operating flowmeter tubes, it is strongly recommended that a flow conditioner be installed
downstream of the header (see ISO 5167-1:2022, 7.4) since there will always be distortion of the
flow profile and a high probability of swirl.

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

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

2) Between fitting 1 and fitting 2 (the next fitting upstream of the nozzle), there shall be a
straight length greater than or equal to half the minimum length given in Table 3 for a nozzle of
diameter ratio 0,7 used with fitting 2 (irrespective of the actual diameter ratio of the nozzle).

NOTE Ifthe pipe diameter changes at fitting 1, the pipe diameter between fitting 1 and fitting 2 is used
to calculate this minimum length.

3) If either of the minimum straight lengths is selected from Column B (i.e. prior to taking the
half value from fitting 1 to 2 of Table 3), a 0,5 % additional relative uncertainty shall be added
arithmetically to the relative expanded uncertainty of the discharge coefficient.
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4) If fitting 1 is a full-bore valve (as in Table 3), then the valve can be installed at the outlet of
fitting 2.

The required length between the valve and fitting 2 [as calculated from 2)] should be added to
the length between the nozzle and fitting 1 specified in Table 3; see Figure 7. It should be noted
that 6.2.8 c) shall also be satisfied (as it is in Figure 7).

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

NOTE The pipe diameter upstream of the orifice plate is used to calculate this minimum length.
The distance between the nozzle and the fitting shall be measured along the pipe axis.

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

For the case of two or more 90° bends, these shall be treated as a single fitting in accordance with
Table 3 Columns 3 and 4, if the length between the consecutive bends is less than 15D.

1 2 3

N\

150 140

290

expander
full bore ball valve or gate valve fully open
nozzle

Figure 7 — Layout including a full bore valve for = 0,6
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Figure 8 — Examples of acceptable installations (see 6.2.9)

6.2.9 By way of example three cases of the application of 6.2.8 b) and c) are considered. In each case
fitting 2 is two bends in perpendicular planes and the nozzle has diameter ratio 0,65.

a) [Iffitting 1 is a full bore ball valve fully open [see Figure 8 a)] the distance between the nozzle and
the valve shall be at least 16D (from Table 3) and that between the valve and the two bends in
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perpendicular planes shall be at least 31D [from 6.2.8 b)]; the distance between the nozzle and the
two bends in perpendicular planes shall be at least 54D [from 6.2.8 c}].

[f the valve has length 1D an additional total length of 6D is required which may be either upstream
or downstream of the valve or partly upstream and partly downstream of it. The recommendations
given in 6.2.8 b) 3) could be applied and the valve moved to a position adjacent to the two bends
in perpendicular planes provided that there is at least 54D from the nozzle to the two bends in
perpendicular planes [see Figure 8 b)].

b) If fitting 1 is a reducer from 2D to D over a length of 2D [see Figure 8 c)] the distance between the
nozzle and the reducer shall be at least 11D (from Table 3) and that between the reducer and the
two bends in perpendicular planes shall be at least 31 x 2D [from 6.2.8 b)]; the distance between
the two bends in perpendicular planes and the nozzle shall be at least 54D [from 6.2.8 c)]. So no
additional length is required because of 6.2.8 c).

c) Iffitting 1is an expander from 0,5D to D over a length of 2D [see Figure 8 d)], the distance between
the nozzle and the expander shall be at least 25D (from Table 3) and that between the expander
and the two bends in perpendicular planes shall be at least 31 x 0,5D [from 6.2.8 b)]; the distance
between the nozzle and the two bends in perpendicular planes shall be at least 54D [from 6.2.8 c)].
So an additional total length of 11,5D is required which may be either upstream or downstream of
the expander or partly upstream and partly downstream of it.

6.3 Flow conditioners

6.3.1 A flow conditioner can be used to reduce upstream straight lengths either through meeting
the compliance 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 the compliance test. In either case, the test shall be carried out using the same type
of nozzle as that used for the measurement of flow.

6.3.2 When a throat-tapped nozzle is used the installation is compliant with this document where
a flow conditioner is installed 16D * 0,5D upstream of the inlet face, E, and there is at least 4D of
straight pipe upstream of the flow conditioner. In this case, a perforated plate type flow conditioner is
recommended (e.g. Akashi type in Annex B).

6.4 Circularity and cylindricality of the pipe

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

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

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

Between 2D and 10D from the nozzle 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
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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 nozzle 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 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 % of D 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
nozzle, 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.

Beyond the first location where an expander could be fitted in accordance with Column 6A of Table 3,
no additional uncertainty in the discharge coefficient is involved, provided that the diameter step (the
difference between the diameters) between any two sections does not exceed 6 % of the mean value of
D obtained from the measurements specified in 6.4.2. Moreover, the actual step caused by misalignment
and/or change in diameter shall not exceed 6 % of D at any point of the internal circumference of the
pipe. On each side of the step, the pipe shall have a diameter between 0,94D and 1,06D. The first location
where an expander could be fitted in accordance with Column 6A of Table 3 depends on the diameter
ratio of the primary device, for example, it is 22D from the primary device if § = 0,6.

6.4.4 An additional relative uncertainty of 0,2 % shall be added arithmetically to the relative
expanded uncertainty of the discharge coefficient if the diameter step AD between any two sections
exceeds the limits given in 6.4.3, but complies with the following relationships:

S
—+0,4
AD 9002 D" (21)
D 0,1+2,38%
and
%30,05 (22)

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

6.4.5 If a step is greater than any one of the limits given in the inequalities above or if there is more
than one step outside the limits in 6.4.3, the installation is not in accordance with this document. For
further guidance refer to ISO 5167-1:2022, 6.1.1.

6.4.6 No diameter of the downstream straight length, considered along a length of at least 2D from
the upstream face of an ISA 1932 nozzle or a long radius nozzle, shall differ from the mean diameter of
the upstream straight length by more than 3 %. This can be judged by checking a single diameter of the
downstream straight length.

The diameter of the pipe immediately downstream of a Venturi nozzle need not be measured accurately
but it shall be checked that the downstream pipe diameter is not less than 90 % of the diameter at the
end of the divergent section. This means that, in most cases, pipes having the same nominal bore as that
of the Venturi nozzle tube can be used.

6.5 Location of primary device and carrier rings

6.5.1 The primary device shall be placed in the pipe in such a way that the fluid flows from the
upstream face towards the throat.
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6.5.2 The primary device shall be perpendicular to the centreline of the pipe to within 1°.

6.5.3 The primary device shall be centred in the pipe. The distance e, between the centreline of the
throat and the centrelines of the pipe on the upstream and downstream sides shall be less than or equal
to

0,005D
0,1+2,38*
In the case where
0,005D
0,1+2,38*
this document gives no information by which to predict the value of any additional uncertainty to be

taken into account.

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

6.6 Method of fixing and gaskets

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

Itis necessary, when holding the primary device between flanges, to allow for its free thermal expansion
and to avoid buckling and distortion.

6.6.2 Gaskets or sealing rings shall be made and inserted in such a way that they do not protrude at
any point inside the pipe or across the pressure tappings or slots when corner tappings are used. They
shall be as thin as possible, with due consideration taken in maintaining the relationship as defined in
5.1.5.2 or 5.2.5.1 as appropriate.

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

7 Flow calibration of nozzles

7.1 General

For users of nozzles of the geometry described in this document that require a lower discharge
coefficient uncertainty than that stated in 5.1.7.1, 5.2.7.1, 5.3.6.1 or 5.4.5.1 or for users of devices where
the geometry differs from that described in this document, the nozzle shall be calibrated. For further
information on the use of throat-tapped nozzles see 5.3.7.

The purpose of a flow calibration is to determine the discharge coefficient of an individual nozzle and
its associated uncertainty.

Where the geometry of the nozzle differs from that described in this document, the expansibility
equation given in Formula (6) shall not be used unless verified. In such a case, the manufacturer of the
nozzle shall provide an appropriate formula for the expansibility (expansion) factor.
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Calibrated meters shall only be used within the calibrated Reynolds number range, except throat-
tapped nozzles. For further information on throat-tapped nozzles see 5.3.7.

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

7.2 Test facility

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

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

7.3 Meter installation

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

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

The orientation of the nozzle is irrelevant.

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

7.4 Design of the test programme

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

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

7.5 Reporting the calibration results

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

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

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).
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7.6.2 Uncertainty of the test facility

The uncertainty of the instrumentation used by the test facility shall be calculated and recorded for
each test point of the flow calibration. The uncertainty in the flow measurement shall be computed
from this data utilizing a method detailed in either ISO 5168[3] or ISO/IEC Guide 98-3[4]. Both the chosen
method and the results shall be recorded in the calibration report.

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

7.6.3 Uncertainty of the nozzle

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

(informative)

Tables of discharge coefficients and expansibility [expansion]
factors

Table A.1 — ISA 1932 nozzle — Discharge coefficient, C

Diam?ter Discharge coefficient, C, for Rej, equal to

ratio
B 2x10% | 3x10% | 5x10% | 7x10% | 1x105 | 3x105 | 1x10® | 2x106 | 1x 107

0,30 — — — 0,985 5 0,986 5 0,987 8 0,988 2 0,988 3 0,988 4
0,32 — — — 0,984 7 0,985 8 0,987 3 0,987 7 0,987 8 0,987 9
0,34 — — — 0,983 8 0,985 0 0,986 6 09871 0,987 2 0,987 3
0,36 — — — 0,982 8 0,984 0 0,9859 0,986 4 0,986 5 0,986 6
0,38 — — — 0,981 6 0,983 0 0,984 9 0,985 5 0,985 6 0,985 7
0,40 — — — 0,980 3 0,9818 0,983 9 0,984 5 0,984 6 0,984 7
0,42 — — — 0,978 9 0,980 5 09827 0,983 3 0,983 4 0,983 5
0,44 0,961 6 0,969 2 09750 0,977 3 0,978 9 0,981 3 0,982 0 09821 0,982 2
0,45 0,960 4 0,968 2 0,974 1 0,976 4 0,978 1 0,980 5 0,981 2 0,981 3 0,981 4
0,46 0,959 2 0,967 2 0,973 1 0,975 5 0,977 3 0,979 7 0,980 4 0,980 5 0,980 6
0,47 0,957 9 0,966 1 0,972 2 0,974 6 0,976 3 0,978 8 09795 0,979 7 0,979 7
0,48 0,956 7 0,965 0 09711 0973 6 0,975 4 0,977 9 0,978 6 0,978 7 0,978 8
0,49 0,955 4 0,963 8 0,970 0 09726 0,974 3 0,976 9 0,977 6 0,977 7 0,977 8
0,50 0,954 2 0,962 6 0,968 9 09715 0,973 3 0,975 8 0,976 6 0,976 7 0,976 8
0,51 0,952 9 0,961 4 0,967 8 0,970 3 09721 0,974 7 0,975 4 09756 09757
0,52 09516 0,960 2 0,966 5 0,969 1 0,970 9 09735 0,974 3 0,974 4 09745
0,53 0,950 3 0,9589 0,965 3 0,967 8 0,969 6 0,972 2 09730 0,973 1 0,973 2
0,54 0,949 0 0,957 6 0,963 9 0,966 5 0,968 3 0,970 9 09717 09718 09719
0,55 0,947 7 0,956 2 0,962 6 0,965 1 0,966 9 0,969 5 0,970 2 0,970 4 0,9705
0,56 0,946 4 0,954 8 09611 0,963 7 0,965 5 0,968 0 0,968 8 0,968 9 0,969 0
0,57 0,945 1 0,953 4 0,959 6 0,962 1 0,963 9 0,966 4 0,967 2 0,967 3 0,967 4
0,58 0,943 8 0,952 0 09581 0,960 6 0,962 3 0,964 8 0,965 5 0,965 6 0,965 7
0,59 0,942 4 0,950 5 0,956 5 0,9589 0,960 6 0,963 0 0,963 8 0,963 9 0,964 0
0,60 09411 0,949 0 0,954 8 0,957 2 0,958 8 0,961 2 0,961 9 0,962 0 09621
0,61 0,939 8 0,947 4 09531 0,955 4 0,957 0 0,959 3 0,960 0 0,960 1 0,960 2

NOTE Thcils 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)
D1:1::ieger Discharge coefficient, C, for Re, equal to
B 2x10% | 3x10% | 5x10% | 7x10% | 1x105 | 3x105 | 1x10® | 2x106 | 1x 107

0,62 09385 | 09458 | 09513 09535 | 09550 | 09573 09579 | 09580 | 09581
0,63 09371 | 09442 | 09494 | 09515 09530 | 09551 09558 | 09559 | 09560
0,64 09358 | 09425 09475 | 09495 | 09509 | 09529 09535 | 09536 | 09537

0,65 09345 | 09408 | 09455 0,947 3 09487 | 09506 09511 09512 09513
0,66 0,933 2 09390 | 09434 | 09451 | 09464 | 09481 | 09487 | 09487 | 09488
0,67 09319 0,937 2 0,941 2 09428 | 09440 | 09456 | 09460 | 09461 | 09462
0,68 09306 09354 | 09390 | 09404 | 09414 | 09429 | 09433 09434 | 09435
0,69 0,929 3 09335 09367 | 09379 09388 | 09401 | 09405 | 09405 | 09406

0,70 09280 09316 | 09343 09353 09361 0,937 2 09375 09375 09376
0,71 0,926 8 09296 09318 09326 | 09332 09341 | 09344 | 09344 | 09344
0,72 09255 09276 | 09292 09298 | 09303 09309 09311 09311 09312
0,73 09243 09256 | 09265 09269 0,927 2 09276 09277 09277 09278
0,74 09231 09235 09238 | 09239 0,924 0 09241 0,924 2 0,924 2 0,924 2

0,75 09219 09213 0,920 9 09208 | 09207 09205 09205 09205 09205
0,76 09207 0919 2 09180 0917 6 0,917 2 0916 8 0916 6 0,916 6 0916 6
0,77 0,919 5 09169 09150 0914 2 09136 09128 09126 | 09126 | 09125
0,78 0,918 4 09147 09118 09107 | 09099 | 09088 | 09084 | 09084 | 09083
0,79 09173 09123 09086 | 09071 09060 | 09045 | 09041 | 09040 | 09040

0,80 0916 2 09100 | 09053 | 09034 | 09020 | 09001 | 0,8996 | 0,8995 | 0,899 4

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

Table A.2 — Long radius nozzle — Discharge coefficient, C

Dli::ieger Discharge coefficient, C, for Re, equal to
B 1 x 104 2 x 104 5 x 104 1 x 105 2 %105 5x 105 1 x 106 5 x 106 1 x107

0,20 0,967 3 09759 | 09834 | 09873 | 09900 | 09924 | 09936 | 09952 | 09956
0,22 0,965 9 09748 | 09828 | 09868 | 09897 | 09922 | 09934 | 09951 | 09955
0,24 09645 | 09739 | 09822 | 09864 | 09893 | 09920 | 09933 | 09951 | 09955
0,26 09632 | 09730 | 09816 | 09860 | 09891 | 09918 | 09932 | 09950 | 09954
0,28 09619 | 09721 | 09810 | 09856 | 09888 | 09916 | 09930 | 09950 | 09954

0,30 09607 | 09712 09805 | 09852 | 09885 09914 | 09929 | 09949 | 09954
0,32 0,959 6 09704 | 09800 | 09848 | 09882 0,991 3 09928 | 09948 | 09953
0,34 09584 | 09696 | 09795 | 09845 | 09880 | 09911 09927 | 09948 | 09953
0,36 09573 09688 | 09790 | 09841 09877 | 09910 | 09926 | 09947 | 09953
0,38 0,956 2 09680 | 09785 09838 | 09875 | 09908 | 09925 09947 | 09952

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)

Diam?ter Discharge coefficient, C, for Rej, equal to

ratio
B 1x104 | 2x10% | 5x10% | 1x105 | 2x105 | 5x105 | 1x106 | 5x106 | 1x107

0,40 0,955 2 0,967 3 0,978 0 0,983 4 0,987 3 0,990 7 0,992 4 0,994 7 0,995 2
0,42 0,954 2 0,966 6 0,977 6 0,983 1 0,987 0 0,990 5 0,992 3 0,994 6 0,995 2
0,44 0,953 2 0,9659 0,977 1 0,982 8 0,986 8 0,990 4 0,992 2 0,994 6 0,995 1
0,46 0,952 3 0,965 2 0,976 7 0,982 5 0,986 6 0,990 2 0,992 1 0,994 5 0,995 1
0,48 0,951 3 0,964 5 0,976 3 0,982 2 0,986 4 0,990 1 0,992 0 0,994 5 09951
0,50 0,950 3 0,963 9 09759 09819 0,986 2 0,990 0 0,991 9 0,994 4 0,995 0
0,51 0,949 9 0,963 5 09756 0,981 8 0,986 1 0,989 9 0,991 8 0,994 4 0,995 0
0,52 0,949 4 0,963 2 0,975 4 09816 0,986 0 0,989 8 0,991 8 0,994 4 0,995 0
0,53 0,949 0 0,962 9 0,975 2 09815 0,9859 0,989 8 0,991 7 0,994 4 0,995 0
0,54 0,948 5 0,962 6 09750 0,981 3 0,985 8 0,989 7 0,991 7 0,994 4 0,995 0
0,55 09481 0,962 3 0,974 8 0,981 2 0,985 7 0,989 7 0,9917 0,994 3 0,995 0
0,56 0,947 6 0,961 9 0,974 6 09810 0,985 6 0,989 6 0,991 6 0,994 3 0,995 0
0,57 0,947 2 0,961 6 0,974 5 0,9809 0,985 5 0,989 5 0,991 6 0,994 3 0,994 9
0,58 0,946 8 0,961 3 0,974 3 0,980 8 0,985 4 0,989 5 09915 0,994 3 0,994 9
0,59 0,946 3 0,961 0 0974 1 0,980 6 0,985 3 0,989 4 09915 0,994 3 0,994 9
0,60 0,945 9 0,960 7 0,973 9 0,980 5 0,985 2 0,989 3 0,991 4 0,994 2 0,994 9
0,61 0,945 5 0,960 4 09737 0,980 4 09851 0,989 3 0,991 4 0,994 2 0,994 9
0,62 09451 0,960 1 0,973 5 0,980 2 0,985 0 0,989 2 0,991 4 0,994 2 0,994 9
0,63 0,944 7 0,959 9 0,973 3 0,980 1 0,984 9 0,989 2 0,9913 0,994 2 0,994 9
0,64 0,944 3 0,959 6 09731 0,980 0 0,984 8 0,989 1 0,991 3 0,994 2 0,994 8
0,65 0,943 9 0,959 3 0,973 0 0,979 9 0,984 7 0,989 1 0,991 2 0,994 1 0,994 8
0,66 0,943 5 0,959 0 09728 09797 0,984 6 0,989 0 0,991 2 0,994 1 0,994 8
0,67 0,943 0 0,958 7 09726 0,979 6 0,984 5 0,988 9 0,991 2 0,994 1 0,994 8
0,68 0,942 7 0,958 4 0972 4 0,979 5 0,984 5 0,988 9 09911 0,994 1 0,994 8
0,69 0,942 3 0,958 1 0,972 2 0,979 3 0,984 4 0,988 8 09911 0,994 1 0,994 8
0,70 0,941 9 0,9579 09721 0,979 2 0,984 3 0,988 8 09910 0,994 1 0,994 8
0,71 0,9415 0,957 6 09719 0,979 1 0,984 2 0,988 7 0,991 0 0,994 0 0,994 8
0,72 09411 0,957 3 09717 0,979 0 0,984 1 0,988 7 0,9910 0,994 0 0,994 7
0,73 0,940 7 0,957 0 09715 0,978 9 0,984 0 0,988 6 0,9909 0,994 0 0,994 7
0,74 0,940 3 0,956 8 0,971 4 0,978 7 0,983 9 0,988 6 0,9909 0,994 0 0,994 7
0,75 0,9399 0,956 5 09712 0,978 6 0,9839 0,9885 0,990 8 0,994 0 0,994 7
0,76 0,939 6 0,956 2 09710 0,978 5 0,983 8 0,988 4 0,990 8 0,994 0 0,994 7
0,77 0,939 2 0,956 0 0,970 9 0,978 4 0,983 7 0,988 4 0,990 8 0,993 9 0,994 7

NOTE Th(iis 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)

Diam_eter Discharge coefficient, C, for Re, equal to
ratio
B 1x104 | 2x10% | 5x10% | 1x105 | 2x105 | 5x105 | 1x106 | 5x10¢ | 1x107
0,78 09388 | 09557 | 09707 | 09783 | 09836 | 09883 | 09907 | 09939 | 09947
0,79 09385 | 09555 09705 | 09781 | 09835 | 09883 | 09907 | 09939 | 09947
0,80 09381 0,955 2 09704 | 09780 | 09834 | 09882 | 09907 | 09939 | 09947

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

permitted.

Table A.3 — Throat-tapped nozzles — Discharge coefficient, C

Reynolds number Discharge coefficient
Re, c
8 x 105 0,999 34
9 x 105 0,998 73
1x 106 0,998 31
1,2 x 106 0,997 78
1,5 x 106 0,997 42
2,0 x 106 0,997 28
2,5 x 106 0,997 35
3 x 106 0,997 63
4 x 106 0,998 46
5x 106 0,999 16
6 x 106 0,999 75
7 x 106 1,000 27
8 x 106 1,000 72
9 x 106 1,001 13
1 x 107 1,001 49
1,2 x 107 1,002 11
1,5 x 107 1,002 88
2 x 107 1,003 86

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

Table A.4 — Venturi nozzles — Discharge coefficient, C

Diameter ratio Discharge coefficient
B C
0,316 0,984 7
0,320 0,984 6
0,330 0,984 5
0,340 0,984 3
0,350 09841

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.4 (continued)
Diameter ratio Discharge coefficient
B C
0,360 0,983 8
0,370 0,983 6
0,380 0,983 3
0,390 0,983 0
0,400 0,982 6
0,410 0,982 3
0,420 09818
0,430 0,981 4
0,440 0,9809
0,450 0,980 4
0,460 0,979 8
0,470 0,979 2
0,480 0,978 6
0,490 09779
0,500 09771
0,510 0,976 3
0,520 09755
0,530 09745
0,540 0973 6
0,550 09725
0,560 0,971 4
0,570 0,970 2
0,580 0,968 9
0,590 0,967 6
0,600 0,966 1
0,610 0,964 6
0,620 0,963 0
0,630 0,961 3
0,640 0,959 5
0,650 0,957 6
0,660 0,955 6
0,670 0,953 5
0,680 0,951 2
0,690 0,948 9

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.4 (continued)
Diameter ratio Discharge coefficient
B C
0,700 0,946 4
0,710 0,943 8
0,720 09411
0,730 0,938 2
0,740 0,9352
0,750 09321
0,760 0,928 8
0,770 09253
0,775 0,923 6
NOTE This table is given for convenience. The values given are not
intended for precise interpolation. Extrapolation is not permitted.

Table A.5 — Nozzles and Venturi nozzles — Expansibility [expansion] factor, €

Diameter ratio Expansibility [expansion] factor, ¢, for p,/p; equal to
g B 1,00 | 098 | 096 | 094 | 092 | 090 | 085 | 080 | 075
forxk=1,2

0,2000 | 0,0016 | 1,0000 | 09874 | 09747 | 09619 | 09490 | 09359 | 09028 | 0,8687 | 0,833 8
0,5623 | 0,1000 | 1,0000 | 09856 | 09712 | 09568 | 09423 | 09278 | 0,8913 | 0,8543 | 0,8169
0,6687 | 0,2000 | 1,0000 | 09834 | 09669 | 09504 | 09341 | 09178 | 0,8773 | 0,8371 | 0,7970
0,7401 | 0,3000 | 1,0000 | 09805 | 09613 | 09424 | 09238 | 09053 | 0,8602 | 0,8163 | 0,773 3
0,7953 | 0,4000 | 1,0000 | 09767 | 09541 | 09320 | 09105 | 0,8895 | 0,8390 | 0,7909 | 0,744 8
0,8000 | 0,4096 | 1,0000 | 09763 | 09533 | 09309 | 09091 | 0,8878 | 0,8367 | 0,7882 | 0,7418

fork=1,3

0,2000 | 0,0016 | 1,0000 | 09884 | 09766 | 09648 | 09528 | 09407 | 09099 | 0,8781 | 0,8454
0,562 3 | 0,000 | 1,0000 | 09867 | 09734 | 09600 | 09466 | 09331 | 0,8990 | 0,8645 | 0,8294
0,6687 | 0,2000 | 1,0000 | 09846 | 09693 | 09541 | 09389 | 09237 | 0,8859 | 0,8481 | 0,8102
0,7401 | 0,3000 | 1,0000 | 09820 | 09642 | 09466 | 09292 | 09120 | 0,8697 | 0,8283 | 0,787 5
0,7953 | 0,4000 | 1,0000 | 09785 | 09575 | 09369 | 09168 | 0,8971 | 0,8495 | 0,8039 | 0,7599
0,8000 | 0,4096 | 1,0000 | 09781 | 09567 | 09358 | 09154 | 0,8955 | 0,8473 | 0,8013 | 0,757 0

fork=1,4

0,2000 | 0,0016 | 1,0000 | 09892 | 09783 | 09673 | 09561 | 09448 | 09160 | 0,8863 | 0,8556
0,5623 | 0,000 | 1,0000 | 09877 | 09753 | 09628 | 09503 | 09377 | 09058 | 0,8733 | 0,8402
0,6687 | 0,2000 | 1,0000 | 09857 | 09715 | 09573 | 09430 | 09288 | 0,8933 | 0,8577 | 0,8219
0,7401 | 0,3000 | 1,0000 | 09832 | 09667 | 09503 | 09340 | 09178 | 0,8780 | 0,8388 | 0,8000
0,7953 | 0,4000 | 1,0000 | 09800 | 09604 | 09411 | 09223 | 09038 | 0,8588 | 0,8154 | 0,773 3
0,8000 | 0,4096 | 1,0000 | 09796 | 09597 | 09401 | 09210 | 09022 | 0,8567 | 0,8129 | 0,7705

fork=1,66

0,2000 | 0,0016 | 1,0000 | 09909 | 09817 | 09723 | 09628 | 09532 | 09286 | 09031 | 0,876 6
0,5623 | 0,000 | 1,0000 | 09896 | 09791 | 09685 | 09578 | 09471 | 09197 | 0,8917 | 0,8629

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)

B

Diameter ratio

ﬁ4

1,00

Expansibility [expansion] factor, ¢, for p,/p; equal to

0,98

0,96

0,94

0,92

0,90

0,85

0,80

0,75

0,6687
0,740 1
0,795 3
0,8000

0,2000
0,3000
0,4000
0,409 6

1,000 0
1,000 0
1,000 0
1,0000

0,987 9
09858
09831
09827

09759
09718
0,966 4
0,965 8

09637
09577
0,949 9
0,949 0

09516
0,943 8
09336
09325

0,939 4
09299
0917 6
0,916 2

0,908 8
0,8953
0,878 2
0,876 3

0,877 8
0,8609
0,8397
0,837 4

0,846 4
0,826 5
0,8020
0,799 4

permitted.

NOTE This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not
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Annex B
(informative)

Akashi type (Mitsubishi type) flow conditioner

The Akashi type (Mitsubishi type) flow conditioner is shown in Figure B.1. D is the inner diameter of
the pipe and t is the thickness of the plate. The flow conditioner is perforated plate type which has
many small holes with approximately D/8 diameter. The holes around the centre of the plate are closer
together than those further out. The axes of holes are given in Table B.1. The pressure loss is 1,7 times
dynamic pressure.

| t=0,130D

Figure B.1 — AKkashi type flow conditioner

Table B.1 — Axis of holes in Akashi type flow conditioner

No. X-axis Y-axis
1 0 0

2 0 0,142D
3 0 0,283D
4 0 0,423D
5 0,129D 0,078D
6 0,134D 0,225D
7 0,156D 0,381D
8 0,252D 0

9 0,255D 0,146D
10 0,288D 0,288D
11 0,396D 0
12 0,400D 0,151D
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For the purpose of deciding whether a particular requirement of this standard is complied with the final
value, observed or calculated expressing the result of a test or analysis, shall be rounded off in
accordance with IS 2 : 2022 ‘Rules for rounding off numerical values (second revision)’. The number of
significant places retained in the rounded off value should be the same as that of the specified value in
this standard.
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