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Foreword

3:2022(E)

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
through ISO technical committees. Each member body interested in a subject for which

carried out
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
electrotechnical standardization.

The DIOCedurIc usScd UOCUIT U OSc immtended o U

desdribed in the ISO/IEC Directives, Part 1. In particular, the different approval criterianet

Any|trade name used in this document is information given for thé tonvenience of users a
congtitute an endorsement.

For pn explanation of the voluntary nature of standards, the meaning of ISO specific
expijessions related to conformity assessment, as wélloas information about ISO's ad
the |World Trade Organization (WTQ) principles in’jthe Technical Barriers to Trade
wwyv.iso.org/iso/foreword.html.

This| document was prepared by Technical Comimittee ISO/TC 30, Measurement of fluid fl
conduits, Subcommittee SC 2, Pressure differential devices, in collaboration with the Europearn
for Standardization (CEN) Technical Committee CEN/SS F05, Measuring instruments, in acco
the Agreement on technical cooperation’between ISO and CEN (Vienna Agreement).

This| third edition cancels and replaces the second edition (ISO 5167-3:2020), of which it ¢
mingr revision. The main changesare as follows:.

— harmonization with ISO/IEC Guide 98-3;

minor changes to give harmonization with the other parts of ISO 5167.
Alist of all parts irfthe ISO 5167 series can be found on the ISO website.

feedback-erquestions on this document should be directed to the user’s national stand4
plete 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 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 withirrspecified Himitsof pipe sizeand Reynotds murmmber:

ISO 5167 (41l parts) deals with devices for which direct calibration experiments have bé€en/made,
number, spread and quality to enable coherent systems of application to.be/basefl on

sufficient i
their result
provides m

The deviceg
the pressur
are known
the algorith
devices (IS¢

Aspects of
ensure that

5 and coefficients to be given with certain predictable limits of
ethdology for bespoke calibration of differential pressure meters

2186) and tertiary devices will be mentioned only occasienally.

the system meets applicable safety regulations.

uncertainty. ISO 5167|also

introduced into the pipe are called primary devices. The term primary device also inclpdes
e tappings. All other instruments or devices required to facilitatesthe’instrument readings
as secondary devices, and the flow computer that receives these readings and perfgrms
ms is known as a tertiary device. ISO 5167 (all parts) covers(primary devices; seconfary

bafety are not dealt within ISO 5167-1 to ISO 5167-6..Jt 1Is the responsibility of the user to

Vi

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=674e5427a6a731526e4aaee4037b8163

INT

ERNATIONAL STANDARD ISO 5167-3:2022(E)

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

e fluid flowing in the conduit.

ughout the measuring section and where the fluid can'be considered as single-phase.

nditions) of
he flowrate

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

document is applicable to nozzles and Venturi nozzlésin which the flow remains subsonic

In addition,

each of the devices can only be used within specified limits of pipe size and Reynolds number. It is

not

Nnozxz

belo

This

a)

b)
The

pplicable to the measurement of pulsating flow~l’does not cover the use of nozzles

v 10 000.

document deals with

three types of standard nozzles:
1) ISA 19321 nozzle;

D) the long radius nozzl€?)

B) the throat-tappednozzle
the Venturi nozzle,

three types‘ef-standard nozzle are fundamentally different and are described separ{

docyment. The Venturi nozzle has the same upstream face as the ISA 1932 nozzle, but has

sect

on and,~therefore, a different location for the downstream pressure tappings, and i

separately7This design has a lower pressure loss than a similar nozzle. For all of these noz

the

qual

Venturi nozzle direct calibration experiments have been made, sufficient in number,

hnd Venturi

les in pipe sizes less than 50 mm or more than 630 mm, or where the pipe Reynolds numbers are

itely in this
a divergent
s described
zles and for
spread and

L oo e bebrarsed-ort] ] N

given with certain predictable limits of uncertainty.

2 Normative references

cients to be

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.

iy

supe

ISA is the abbreviation for the International Federation of the National Standardizing Associations, which was

rseded 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.

© IS0 2022 - All rights reserved

1


https://standardsiso.com/api/?name=674e5427a6a731526e4aaee4037b8163

ISO 5167-3:2022(E)

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 Onliine browsing platform: available at https://www.iso.org/obp

— IEC Eleftropedia: 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 n¢z

zle

into a pipeliine in which a fluid is running full. The installation of the prima¥ry device causes a sfatic
pressure difference between the upstream side and the throat. The flowrdte‘can be determined from
the measured value of this pressure difference and from the knowledge ‘of the characteristics of the

as well as the circumstances under which the device is being used. It is assumed thaf the

device is gepmetrically similar to one on which calibration has been‘earried out and that the conditions

of use are the same, i.e. that it is in accordance with this document:

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

c
Im == 8%612\/2@/)1
J1-8

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

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

Ani
Qv =—1
p

where

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

qy is the volume-flowrate.

Computatio

)

(2)

of the flowrate, which is a purely arithmetic process, is performed by replacing the

different it¢ms on the rlght-hand 51de of ormula |1| by thelr numerlcal Values Tables Al to A.§ are
given for conven e : : —Fable-A-3-gives
the values of C as a functlon of Red Table A. 5 glves expan51b111ty (expansmn) 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 g,, 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 conditio
Measurements taken at any other conditions should be corrected for any possible expansion

ns.
or

contraction of the primary device and the pipe due to the values of the temperature and pressure of the

fluid during the measurement.

2 © IS0 2022 - All rights reserved
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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.Sédtion with a
rourjded profile, and a cylindrical throat.

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

The |etters 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:
— pflatinlet part A, perpendicular to the centreline;

— p convergent section defined by two arcs of circuniference B and C;

— hcylindrical throat E;

— precess F which is optional (it is requiredonly 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 revolufion, with a
dianpeter of 1,5d, and by the inside circumference of the pipe, of diameter D.

Whdn 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 inflet flat part
is then faced off so thatthe largest diameter of the convergent profile is just equal to D [seqd 5.1.2.7 and

5.1.2.3 Theaxc of circumference B is tangential to the flat inlet part A when d < (2/3)D while its
radipis R, issequal 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.

©1S0 2022 - All rights reserved 3
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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.

4 © IS0 2022 - All rights reserved
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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

0,604 1dfor 0,3 << %
and
0,404 1+ O'—75—0'25—0,522 5 forz<ﬂ£0,8.
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
diffdr from each other by more than 0,1 % of their mean value.

5.1.}
crite

5.1.]

5.1.

5.1.]
face

5.1.4

The
in adg

5.1.!

5.1.

The
may

The

3.1 The thickness, H shall not exceed 0,1D.

5.1 Corner¢ressure tappings shall be used upstream of the nozzle.

2.9 The surface of the upstream face and the throat shall’be such that they have 4
rion Ra < 10~4d.

8 Downstream face

8.2 Apart from the condition given in 5.1:3.1, the profile and the surface finish of the d
are not specified (see 5.1.1).

Ll  Material and manufacture

cordance with the foregoing description during flow measurement.

b Pressure tappings

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

spacing between the centrelines of individual upstream tappings and face A is equa

roughness

ownstream

[SA 1932 nozzle may be mdnufactured from any material and in any way, provided thalt it remains

of tappings

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.

© IS0 2022 - All rights reserved
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For any value of S

— for clean 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 annulaf slots usually break through the pipe over the entire perimeter, with no break in contirJuity.
If not, each pnnular chamber shall connect with the inside of the pipe by at least four openings, the pxes
of which ar¢ at equal angles to one another and the individual opening area of which is atdeast 12 mm?2.

The interndl 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 tod,04D. Moreovef, the
following condition shall be met:

b=D F ., 100<— %1
b p 0,1+2,38*

The length ¢ of the upstream ring (see Figure 1) shall not be greater<han 0,5D.

(4)

The thickngss f of the slot shall be greater than or equal to twice’the width a of the annular slot|The
area of the ¢ross-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 surfaceqof the ring which are in contact with the measured fluid shall be clean and shall have a yell-
machined finish.

The pressure tappings connecting the annular chambers to the secondary devices are pipeqwall
tappings, circular at the point of break-throggh'and with a diameter j between 4 mm and 10 mm.

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

The diametpr of the pipe shall beé measured as specified in 6.4.2, the carrier ring being regarded as|part
of the primpry device. This also applies to the distance requirement given in 6.4.4 so that s shalll be
measured from the upstreantedge 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 thetemainder of this subclause.

The distande 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

6 © IS0 2022 - All rights reserved
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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 pxis of the upstream tapping and that of the downstream tapping may be located in different axial
plangs.

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 documéent when

— POmm <D <500 mm;

— DP,3<6<0,8;

and when Rej, is within the following limits:

— for0,30<pB<0,44 7 x 10% < Rej, < 107;
— for0,44<3<0,80 2 x 10% < Re, <(207.

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

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

4 <0,35| 0,36 | 0,38+ 0,40 | 042 | 044 | 046 | 048 | 0,50 | 0,60 | 0,70 | Q77 | 0,80
104Ra/D| 8,0 59 43 3,4 2,8 2,4 2,1 19 1,8 1,4 1,3 ,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
numpers more stringentlimits on pipe roughness are probably required.

Most of the experiments on which the values of the discharge coefficient C given in this ddcument are
basdd were canried out in pipes with a relative roughness Ra/D < 1,2 x 10~4. 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 llimits given in Table 1. Information as to how to determine Ra is given in ISO 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.

©1S0 2022 - All rights reserved 7
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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—l)/rc
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, Fgrmula (6) is applicable only if p,/p1 2 0,75.

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

5.1.7 Ung¢ertainties

5.1.7.1 Upcertainty of discharge coefficient, C

When S, D, Re, and Ra/D are assumed to be known without error, U'C , therelative expanded uncertginty
of the value|of C at k = 2 (approximately 95 % confidence level), is equal to
— 0,8% fpr £<0,6;

— (2-04) % for > 0,6.
5.1.7.2 Upcertainty of expansibility [expansion] factor ¢

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

28P o
P1

5.1.8 Prdssure loss, Aw

The pressufe loss, Aw, fornthe ISA 1932 nozzle is approximately related to the differential pressure Ap
by Formula|(7)

\/1—[34(1—(:2)—(:[32
\/1—[34(1—CZ)+C[¥2

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 =

Ap (7)
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The pressure loss coefficient, K, for the ISA 1932 nozzle is
2
1-p*(1-¢?)
cp?
where K is defined by Formula (9):

K= -1

K= AD

1 2
EPlU

(8)

)

5.2 | Long radius 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 f§ values between 0,25 and 0,5 either design may be used.

e pressure tappings.
5.2.2 Profile of high-ratio nozzle

5.2.2.1 The inner face can‘be characterized by
— B convergent section/A;
— hcylindricalthroat B;

— hplainendC.

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

ing through

cylindrical

of the holes

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.

© IS0 2022 - All rights reserved
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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

D72

oD
D,
od
|
|

H

a) Highratio 0,25<£<0,8

10 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=674e5427a6a731526e4aaee4037b8163

ISO 5167-3:2022(E)

_| ___|_ ...... / =
| T w
NN ul S5
N NN ~
[ ~
3 S ——
A//
~——C

H

b) Lowratio0;2’<f<0,5

a Direction of flow.

Figure 2 — Long radius nozzles

5.2.2.4 The distance betweénjthe pipe wall and the outside face of the throat shall be grepter than or
equdl to 3 mm.

5.2.2.5 The thickness'H shall be greater than or equal to 3 mm and less than or equal tq 0,15D. The
thickness F of the<hroat 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 distoftion 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.

©1S0 2022 - All rights reserved 11
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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 accordan

ce 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 1

ng 'fg from the inlet face of the nozz

le.

The centreline of the downstream tapping shall be at 0,50D * 0,01D from the inlet face of the nozzle

exceptin t
tapping sh

When insta
or sealing

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

ling the pressure tappings, due account shall be taken of the thickness of the-gaskets
aterial.

5.2.5.2 The centreline of the tapping shall meet the pipe centreline at an anglé) as near to 9(

possible bu
be circular.
To ensure t
be kept to

[ in every case within 3° of the perpendicular. At the point of break-through the hole
The edges shall be flush with the internal surface of the pipe walland as sharp as poss
he elimination of all burrs or wire edges at the inner edge, rounding is permitted but
h minimum and, where it can be measured, its radius shall’be less than one-tenth o

pressure-t

ping diameter. No irregularity shall appear inside the cenpecting hole, on the edges o

hole drillecqlfn the pipe wall or on the pipe wall close to the pressure tapping. Conformity of the pres

tappings w
The diamet

No restrict
to prevent

h the requirements of this paragraph may be judged-by visual inspection.
er of pressure tappings shall be less than 0,13D @fid less than 13 mm.

on is placed on the minimum diameter; which is determined in practice by the
accidental blockage and to give satisfactory dynamic performance. The upstream

downstrearn tappings shall have the same diameter

The pressu
diameter of

The centrel

The axis of
planes.

5.2.6 Cod

5.2.6.1 Li

The long ra

e tappings shall be circular and_eylindrical over a length of at least 2,5 times the intg
the tapping, measured from the\inner wall of the pipeline.

nes of the pressure tappings:may be located in any axial plane of the pipeline.

Lhe upstream tapping-and that of the downstream tapping may be located in different

fficients of long radius nozzles

mits of\ise

lius\nozzles shall only be used in accordance with this document when

jleam

hnd/

°as
shall
ible.
hall
[ the
f the
sure

need
and

rnal

hxial

50 mm

Ra/D <

<D <630 mm,

0,2<B<0,8;
10* < Re}, < 107

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-

NOTE

1.

Re,; < 106; at higher Reynolds numbers more stringent limits on pipe roughness are probably required.

12

Most of the data on which this pipe roughness limit is based, were probably collected in the range
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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

acco

rdance with 5.2.5.

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

€=0,9965-0,00653

10° 8

ReD

(10)

Whe

inte

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

6
[=0,9965-0,00653 l
Red

ded for precise interpolation. Extrapolation is not permitted.

5.2.6.3 Expansibility [expansion] factor, €

The
long

5.2.]

5.2.]

Whs
valu

5.2.]

8 )
equa

indications given in 5.1.6.3 (ISA 1932 nozzle) apply also td the expansibility [expansio
radius nozzles, but within the limits of use specified in 52.6.1.

f  Uncertainties

/.1 Uncertainty of discharge coefficient C

n f and Re, are assumed to be known,without error, U'C , the relative expanded uncert]
e of C at k = 2 (approximately 95 % confidence level), is 2,0 % for all values of  between

f.2 Uncertainty of expansibility [expansion] factor ¢

'he relative expanded uncertainty of the value of € at k = 2 (approximately 95 % confide
lto

5.2.8 Pressure loss, Aw

Subg

lause'5.1.8 (ISA 1932 nozzle) applies equally to the pressure loss of long radius nozzles

(11)

Valurs of C as a function of f and Re, are given for convenience in Table€-A:2. These values are not

h| factor for

ainty of the
0,2 and 0,8.

hce level), is

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

thro

at.

© IS0 2022 - All rights reserved
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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;

— acyling

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 Tle throat shall be cylindrical. No diameter of any cross-section shall differ by more
 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 reg

0,05 % fron

of deviation

5.3.2.5 In
0,25d < L33

rical throat B.

from the mean.

0,3d.

5.3.2.6 T
satisfy the

R
14
d

e internal surfaces A and B should be hydraulically smooth. The roughness factor Ra sh

llowing relation.
Red—0,92
A B
AL" ry r \
y
€ e S

— Q © %
—_— A ST — %7 Tnre <70
L m'g
)\ [N

R

p 450
270

than

pect

the cylindrical throat B, L, is 0,5d. The tolerance of\ky + L, shall be £0,005d. L5 shal be

ould

(12)

14

a) Detail of F

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=674e5427a6a731526e4aaee4037b8163

5.3

The
rem

The
agai

5.3.4

5.3.4

The
cons
likel

The
lead
(see

5.3.4

.3 Material and manufacturing

ISO 5167-3:2022(E)
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b)

Direction of flow.

Figure 3 — Throat-tapped nozzles

throat-tapped flow nozzle may be manufactured from any material and in any way, pro}
hins in accordance with the foregoing descriptionduring flow measurement.

throat-tapped flow nozzle is usually madé’of metal and shall be erosion- and cory
hst the fluids with which it is to be used,

}  Pressure tappings

.1 Angular position of the pressure tappings

centrelines of the pressure tappings may be located in any axial sector of the pip
ideration should be given to tapping position if contaminants, liquid droplets or gas
y to be present. In these cases, the base and top of the pipe should be avoided.

nginto an anfiular chamber, a piezometer ring or, if there are four tappings, a “triple-T” a
[SO 516712022, 5.4.3). Annular slots or interrupted slots shall not be used.

|.2A_Circularity and edge of pressure tappings

yided that it

osion-proof

e. However,
bubbles are

upstream and, downstream tappings shall each comprise at least two single pressufre tappings

rrangement

The

pressure tappings snall be circular over a length of at least Z,5 times the internal diar

neter 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

diameter d;; shall be from 2 mm to 7 mm.

© IS0 2022 - All rights reserved
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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

perpendicu

lar 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 Li
The throat-
— 100 mn
04<p
8 x 105
2mm S
2 mm S

0,01 < ¢
Ra/D <

53.5.2 D
The dischay

C=1,0(

C=0,9¢

Values of C
interpolatig

5.3.5.3 E

The indicat
flow nozzle

mits of use

fapped flow nozzle shall only be used in accordance with this document when
N <D <630 mm,

< 0,5,

< Re;< 2 x 107,

dy<7 mm,

dr<7 mm,

[ /d < 0,04,

28 Re,"092 in the upstream pipe work within 4Ds

ischarge coefficient, C

ge coefficient C (see References [5] to[8})'is given by Formulae (13) and (14),

[1_
(1_

s a function of-Re) are given for convenience in Table A.3. They are not intended for pr¢
n. Extrapolation is not permitted.

400 000
Red

0,255

90
Redo'z

0,8
} (for8,0 x 10> < Re, < 3,0 x 10°)

0,255
Redo’z

400 000
Red

0,8
23 ) +0,0018In(Rey ) (for 3,0 x 106 < Re,)

kpansibility [expansion] factor, €

ons given in 5.1.6.3 (ISA 1932 nozzle) apply also to the expansibility factor for throat-taj

(13)

(14)

pcise

pped

5, bt within the limits of use cpp(‘ifipr‘] in5351

5.3.6 Uncertainties

53.61 U

ncertainty 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

at the right-angled bend within the nozzle and nearest to the throat itself.

16

In compressible flow the uncertainty can increase where there is a change in throat tapping diameter
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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

Too

The

Forn

of the calibration result. U;, the relative expanded uncertainty of the value of C at k = 2 (ap]

959

whe
calih
at a
repl
in it
the

ptair moTe precise urncertainty, thre catibration strattbedomeaccording tothe fottowing
Measurement shall be done at 6 or more different Reynolds numbers.

Maximum Reynolds number of the calibration shall be Re; > 2,5 x 106. Minimuin'Reynd
pf 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 measureme
humber using the discharge coefficient C, obtained from the calibratioh.

0,8
’ d
k=C, + 0,255, 400 000 ™ _ 19697 (for 8,0 x 105 < Re < 3,0 x 106)
Redo’z Red d
0,255 (. 400 000 \° d
k=Co+—=—|1- —{0,074 61In(Re, )<£0,905 1}— (for 3,0 x 106 < Re)
Red ! Red d
discharge coefficient can be calculated by installing the mean value of k in the next equ
— 0,255, 400000 "° d
C=k-——>|1- +{0,074%61n(Re;)-0,905 1}—L
Red ! Red d
hula (17) can be used where 3,0 %10 < Re,; < 2,0 x 107 and Re,d; /d < 4,5 x 105 as the e

confidence level), is given by the following:

\/0'32 +U£‘,ca12 (%)

Fe U'r ., is therelative expanded uncertainty of the value of the discharge coefficie
ration facitity at k = 2 (approximately 95 % confidence level). The calibration shall be
facility.‘operating in accordance with ISO/IEC 17025. The operational pipe desigr
cated.at the calibration facility in order to reduce the uncertainty of the throat-tapped
5 installation. If a flow conditioner is used, the calibration pipe work is considered
ppérational pipe work sufficiently when the pipe work is in accordance with 6.3.2 aq

upst

NOTE

Ids number

ht Reynolds

(15)

(16)

ation.

(17)

trapolation
broximately

nt from the
performed

should be
flow nozzle
to replicate
d the same

ream pipe and flow conditioner are used in both calibration and operation.

In compressible flow the uncertainty can increase where there is a change in throat tapp

at the right-angled bend within the nozzle and nearest to the throat itself.

5.3.8 Pressure Loss

ing diameter

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

© IS0 2022 - All rights reserved
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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 Theflatinlet partA mited by-a umferencecentred-onth ath a
diameter of| 1,5d, and by the inside circumference of the pipe, of diameter D.
When d = (3/3)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 pgrt is
then faced ¢ff 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 Acwhen d < (2/3)D while its
radius R; isfequal 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 4nd at 0,75d from the axial centreline.
5.4.1.5 Tlhe arc of circumference C is tangential to the arc of eircumference B and to the thropt 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 |s at
d/2 +d/3 =|(5/6)d from the axial centreline and at

ay =232 420,304 14 (18)
from the flgt 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 plares and at approximately equal angles to each other.
The throat ghall be cylindrical. No diameter of any cross-section shall differ by more than 0,05 % from
the value of the mean diaméter. This requirement is considered as satisfied when the deviations if the
length of any of the measured diameters comply with the said requirement in respect of deviation from
the mean.

18
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a)y )d < (2/3)D

b) d>(2/3)D

Figure 4 — Venturi nozzle

|.74<_The divergent section (see Figure 4) shall be connected with the part F of the throat without a
ded part, but any burrs shall be removed.

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

Thelength 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.

© IS0 2022 - All rights reserved
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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

5431 A

The centre
considerati
likely to be

5432 U

The upstre
either in th{

5433 T

The throat
an annular
ISO 5167-1:

The centre
at equal a

perpendicu
parts E and

The diamet

hgular position of the pressure tappings

ines of the pressure tappings may be located in any axial sector of the pipe. How
bn should be given to tapping position if contaminants, liquid droplets or_gas bubble
present. In these cases the base and top of the pipe should be avoided.

pstream pressure tappings

im pressure tappings shall be corner tappings (see 5.1.5.1), The tappings may be log
e pipe or its flanges or in carrier rings as shown in Figure 5-

hroat pressure tappings

pressure tappings shall comprise at least fout<single pressure tappings leading
chamber, piezometer ring or, if there are four tappings, a “triple-T” arrangement
p022, 5.4.3). Annular slots or interrupted slots'shall not be used.

CVer,
are

ated

into
(see

ines of the pressure tappings shall meet the centreline of the Venturi nozzle and shall be

les to each other. The centrelines-of the throat pressure tappings shall lie in the p
ar to the centreline of the Ventuti’ nozzle, which is the imaginary border betweern
F of the cylindrical throat.

er §, of the individual tappifigs in the throat of Venturi nozzles shall be less than or equ

0,04d and nporeover shall be between-2 mm and 10 mm.

The pressu
diameter of]

e tappings shall be-circular and cylindrical over a length of at least 2,5 times the intg
the tappings, measuted from the inner wall of the Venturi nozzle.

At the poi
surface of

of break-through the hole shall be circular. The edges shall be flush with the intg
e Venturi\nozzle wall and as sharp as possible. To ensure the elimination of all bur

wire edges pt the inner edge, rounding is permitted but shall be kept to a minimum and where it c3
measured, its radijus shall be less than one-tenth of the pressure-tapping diameter. No irregularity

appear insifle-the connecting hole, on the edges of the hole drilled in the Venturi nozzle, or on the
wall close tothe pressure tapping

lane
the

al to

rnal

rnal
'S or
n be
hall

pipe

Conformity of the pressure tappings with the requirements specified may be judged by visual

inspection.

20
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L

b

Key
vith annular slot
ith individual corner tappings
a Direction of flow.

Figure 5 - Venturi nozzle — Pressure tappings

5.4.4 Coefficients

5.4.4.1 Limits of usé
Venturi nozzles shallonly be used in accordance with this document when
— P5 mm <D< 500 mm,

— M =50mm,

— h36<B<0775

— 1,5x105<Rep <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 1,9 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 ps a function of § are given for convenience in Table A.4. They are not intended for precise
interpolatign. Extrapolation is not permitted.

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

5.4.4.3 Expansibility [expansion] factor, €

The indicatjons 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 Ung¢ertainties

5.4.5.1 Upcertainty 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 exfganded uncertainty of the value of Gatk = 2 (approximately 95 % confidence level), is gqual
to

(1.2+1{58%) %

5.4.5.2 Upcertainty of expansibility [expansion] factor ¢

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

(4+10([38)£ %
P

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 %.

>D >(6D)

oD

Ap'
Ap"

a Pressure loss.
b Direction of flow.

Figure 6 — Pressure lass across a Venturi nozzle

6 [nstallation requirements

6.1 | General

Gengral installation requirements for pressure differential devices are contained in ISO 3167-1:2022,
Clause 7 and should be followed in conjunction with the additional specific installation requirements
for nozzles and Venturimnezzles given in this clause. The general requirements for flow condjtions at the
prinjary device are given in ISO 5167-1:2022, 7.3. The requirements for use of a flow congdlitioner are
giveh in ISO 5167-1:2022, 7.4. For some commonly used fittings, as specified in Table 3, the minimum
stralght lengths ofpipe indicated may be used (detailed requirements are given in 6.2).

6.2 | Minimum upstream and downstream straight lengths for installation between
var10us 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.
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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 ful
position. TH
but whose |

6.2.7 Int
are designe

permitted i
added leng

6.2.8 The

bore. The valve should be fitted with stops for alignment of the ball or gate, in the
e valve shown in Table 3 is one which is of the same nominal diameter as the upstreant
ore diameter is such that a diameter step is larger than that permitted in 6.4.3.

bpen
bipe,

ne metering system, upstream valves which are match-bored to the adjacent pipeworKk and

d in such a manner that in the fully opened condition there are no steps greater than t
6.4.3, can be regarded as part of the metering pipework length and do not need to
hs as in Table 3 provided that when flow is being measured they are fully open.

values given in Table 3 were determined experimentally with-a very long straight le

mounted upstream of the fitting in question so that the flow immediately upstream of the fitting
as fully developed and swirl-free. Since in practice such*Conditions are difficult to achjeve,

considered
the followin

g information may be used as a guide for normal installation practice.

a) If the
either
the op
install

hose
have

hgth
was

rimary device is installed in a pipe leading fronrah upstream open space or large vessel,

irectly or through any other fittings covered by Table 3, the total length of pipe betyeen
space and the primary device shall never bg less than 30D. If a fitting covered by Tabl¢ 3 is

d then the straight lengths specified in the Tables shall also apply between this fitting and

ary device.

ing system header is not an open-space or large vessel in this instance. A large v

b)

26

shall have a cross-sectional area of at\least 10 times that of the metering tube. In the case
normal|header whose cross-sectional area is typically equal to 1,5 times the cross-sectional
of the dperating flowmeter tubes;itis strongly recommended that a flow conditioner be inst
downstream of the header (see ISO 5167-1:2022, 7.4) since there will always be distortion o
flow prpfile and a high probability of swirl.

If severfal fittings of th&&type covered by Table 3 (treating the combinations of 90° bends alr

bssel
of a
area
hlled
f the

pady

covered by these tables as a single fitting) are placed in series upstream of the nozzle, the folloying

shall bg applied:

iy

2)

3)

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

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.

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).

c) 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.

IOTE Thapnina diooatar snctenay Afeba i fion Dlobn tc e ndin cololorn e it 10 th
NOT T He-pipe-aameter upstrea ottt erce prate s HSeato-tarctate oS himame1g L.

Che distance between the nozzle and the fitting shall be measured along the pipe axis.

f, for any upstream fitting, the distance meets this requirement using the aumber of diameters
n Column B but not that in Column A, then a 0,5 % additional relative uncertainty shall be added
hrithmetically to the relative expanded uncertainty of the discharge egefficient. Hqwever, this
hdditional uncertainty shall not be added more than once under the provisions of b) andl c).

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

1 2 3

N\

150 140

290

Key
bxpander.

Full boreball valve or gate valve fully open
hoZzle

Figure 7 — Layout including a full bore valve for = 0,6
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(31 + XD i, (16 + y)O
a) x=20,y20,x+y=26
N
\
D 531
b)
Y, °
Q
2620 20 21D ©
)

050

N/ 3
o0

(15,5 + X0 20 (25 + ylD

d) x=20,y=20,x+y=>11,5

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)].

If 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

6.3

6.3.
the

upst
poss
of n(

6.3.

a fld

stra

reco

6.4

6.4.]
is of

any
mea

6.4.]

0,5

WO Dends I perpendicutar pianes shait be at teast 31X 2D {from 6.2.8 bj]; the dista
the two bends in perpendicular planes and the nozzle shall be at least 54D [from 6.2
hdditional length is required because of 6.2.8 c).

ffitting 1 is an expander from 0,5D to D over a length of 2D [see Figure 8 d)}, the distan
the nozzle and the expander shall be at least 25D (from Table 3) and thatbetween tH
hnd the two bends in perpendicular planes shall be at least 31 x 0,5D [from 6.2.8 b)]; 1
between the nozzle and the two bends in perpendicular planes shall/be at least 54D [fr
5o an additional total length of 11,5D is required which may be either upstream or dow
Lhe expander or partly upstream and partly downstream of it.

Flow conditioners

| A flow conditioner can be used to reduce upstféam straight lengths either throy
fompliance test given in I1SO 5167-1:2022, 7.4.1, ii“which case it can be used downstj
ream fitting, or through meeting the requirements of ISO 5167-1:2022, 7.4.2, which give|
ibilities outside the compliance test. In either;¢ase, the test shall be carried out using th
zzle as that used for the measurement of flow.

p

When a throat-tapped nozzle is-used the installation is compliant with this docui
w conditioner is installed 16D £\0,5D upstream of the inlet face, E, and there is at

immended (e.g. Akashi typedin\Annex B).
Circularity and cylindricality of the pipe

| The 2D lengthrof the upstream pipe section adjacent to the nozzle (or to the carrier
e) shall be manufactured with special care and shall meet the requirement that no
plane in thisilength shall differ by more than 0,3 % from the mean value of D obtain
suremerits)specified in 6.4.2.

p

The value for the pipe diameter, D, shall be the mean of the internal diameters ovet

ce between
8 c)]. So no

ce between
e expander
he distance
bm 6.2.8 c)].
rmstream of

gh meeting
eam of any
s additional
b same type

ment where
least 4D of

ght pipe upstream of the flow .conditioner. In this case, a perforated plate type flow conditioner is

ring if there
diameter in
bd from the

a length of

upstream of the upstream pressure fapping The internal mean diameter shall be thd

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 thicler than 3,2 mm and they do not protrude into the flow.

Beyond the
no addition

first location where an expander could be fitted in accordance with Column 6A-efHTahle 3,
b1 uncertainty in the discharge coefficient is involved, provided that the diameter step|(the
difference Hetween the diameters) between any two sections does not exceed 6 % of the nean valyie of
D obtained from the measurements specified in 6.4.2. Moreover, the actual step caused®y misalignment
and/or chapge in diameter shall not exceed 6 % of D at any point of the internal éiycumference of the
pipe. On eadh side of the step, the pipe shall have a diameter between 0,94D and 1,06D. The first locgtion

where an expander could be fitted in accordance with Column 6A of Table 3.depends on the dianjeter

ratio of the

6.4.4 An
expanded 4

primary device, for example, it is 22D from the primary device if}§ = 0,6.

additional relative uncertainty of 0,2 % shall be added/arithmetically to the rel
ncertainty of the discharge coefficient if the diameter.step AD between any two sect

htive
ions

exceeds the limits given in 6.4.3, but complies with the followingrelationships:

S

—+0,4
AD o, D
D

002 (21)

0,1+2,38%
and

AD o
D

05 (22)

where sist 'rom

the upstrea

he distance of the step from the upstream pressure tapping or, if a carrier ring is used,
Im edge of the recessformed by the carrier ring.

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

nore
For

‘rom
er of
f the

liameter of the downstream straight length, considered along a length of at least 2D
face of an ISA 1932 nozzle or a long radius nozzle, shall differ from the mean diamet
r b P e r A a4 pr—_3 0- Rl Pt a: , - r P e O

the upstrealr g D
downstream straight length.

110 pe Jjudged DY O J

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 theydo not protrude into the pipe
at anpy point.

6.6 | Method of fixing and gaskets

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

Itis pecessary, when holding the primary device between flanges, to allow for its free thermgl expansion
and fo 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 préssure tappings or slots when corner tappings arg used. They
shal| be as thin as possible, with due.consideration taken in maintaining the relationship af defined in
5.1.4.2 or 5.2.5.1 as appropriate.

6.6.3 If gaskets are used hetween the primary device and the annular chamber rings, they shall not
protfude inside the annular‘chamber.

7 Flow calibration of nozzles

7.1 | General

For jusersyof nozzles of the geometry described in this document that require a lowef 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 deyices where

th i Jd3FL £ ot Jd lbad 3 £laa pa | £+l ] Lall Ll ad F f th
e CUlllC\.l)’ UITICT O TTUIIT UITdU UCLOUTITUCTU 111 UITTS UUCUIITICUIIL, LIITU TIUZZICT S11dIl UU LAdITUTI dlTU. Or ur er

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 F

7.3 Metdr installation

The nozzle
specified in

If the nozzl
of the flow
nozzle and

The orientaltion of the nozzle is irrelevant.

If the nozzl

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

should be installed with, as a minimum, the upstream and downstream(straight lengths

Clause 6.

b is to be used with a flow conditioner a package consisting of atJeast 4D of pipe upsty
ronditioner, the flow conditioner, the pipe between the flow conditioner and the nozzlg
it least 6D of pipe downstream of the nozzle shall be calibrated:

guidelines i

in order to reduce the uncertainty of the nozzle in its installation.

7.4 Design of the test programme

The nozzle
is expected
at which dz:
calibrate t
Reynolds n

The calibra
tappings, eg
not be pernj

7.5 Repa

The calibra
Reynolds n
ease of anal

e in operation will be installed in pipe work that differs significantly from the installd
this document, the operational pipe design should be replicated at the calibration faq

should be calibrated, as a minimum,. over the entire Reynolds number range the n

ita are collected) shall be approepriate for the metering application. The test facility
nozzle using liquid or gas,%er both liquid and gas in separate tests to cover the requ
mber range.

ion data of a nozzle are not transferrable to another nozzle. If the meter has multiple sd
ch set shall be calibrated as if it were a separate meter. Extrapolation of the calibration
itted.

rting the ‘calibration results

[ion test report should as a minimum provide tabulated results of the differential pres
hmber, and discharge coefficient values. The provision of graphs is also recommende

eam
, the

ition
ility

eter

to see in operational service. Thesnumber of test points (i.e. nominal Reynolds numbers

can
ired

ts of
shall

bure,
l for

ySis.

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.]

The
in th
stati
datal

8 Uncertainty of the nozzle

calibration procedure and the calculated uncertainty of the nozzle under test-shall Ibe recorded
e calibration report. As so few measurements are taken at each Reynolds numbér, an pppropriate
stical methodology shall be used, as, for instance, standard deviation should\ohly be use¢d for larger
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

Dlz:;rtlie;er Discharge coefficient, C, for Rej, equal to

B 2x10% | 3x10% | 5x10% | 7x10% | 1x105 | 3x105 | 1x10® | 2'x106 | 1x 107
0,30 — — — 0,985 5 0,986 5 0,987 8 0,988 2 0,988 3 0,98B 4
0,32 — — — 0,984 7 0,985 8 0,987 3 09877 0,987 8 0,98 9
0,34 — — — 0,983 8 0,985 0 0,986 6 0,987 1 0,987 2 0,981 3
0,36 — — — 0,982 8 0,984 0 0,985.9 0,986 4 0,986 5 0,98p 6
0,38 — — — 0,981 6 0,983 0 0,9849 0,985 5 0,985 6 0,98p 7
0,40 — — — 0,980 3 0,981 8 0,983 9 0,984 5 0,984 6 0,98¢ 7
0,42 — — — 0,978 9 0,980'5 09827 0,983 3 0,983 4 0,988 5

0,44 09616 | 09692 | 09750 | 09773 | 09789 | 09813 | 09820 | 09821 | 098p2

0,45 09604 | 09682 09741 09764 | 09781 0,980 5 0,981 2 0,981 3 0,98[L 4
0,46 0,959 2 0,967 2 09731 09755 0,977 3 09797 | 09804 | 09805 | 0,98p6
0,47 09579 | 09661 | 09722 0,974 6 0,976 3 0,978 8 09795 09797 097p 7
0,48 09567 | 09650 0971 1 09736 | 09754 | 09779 09786 | 09787 097B 8
0,49 09554 | 09638 | 09700 09726 0,974 3 0,976 9 09776 | 09777 | 097) 8

0,50 0,954 2 0,9626)| 09689 09715 09733 09758 0,976 6 0,976 7 0,97p 8
0,51 09529 09614 0,967 8 09703 09721 0,974 7 09754 | 09756 097p 7
0,52 09516 /~09602 | 09665 | 09691 09709 09735 09743 0974 4 0974 5
0,53 09503 09589 | 09653 09678 | 09696 | 09722 09730 | 09731 0,97B 2
0,54 09490 | 09576 | 09639 | 09665 | 09683 09709 09717 09718 097[L9

0,55 09477 | 09562 09626 | 09651 | 09669 | 09695 | 09702 09704 | 09705
0,56 09464 | 09548 | 09611 09637 | 09655 | 09680 | 09688 | 09689 | 09690
0,57 09451 | 09534 | 09596 | 09621 | 09639 | 09664 | 09672 0,967 3 0,967 4
0,58 09438 | 09520 | 09581 | 09606 | 09623 | 09648 | 09655 | 09656 | 09657
0,59 09424 | 09505 09565 | 09589 | 09606 | 09630 | 09638 | 09639 | 09640

0,60 09411 | 09490 | 09548 | 09572 09588 | 09612 09619 09620 | 09621
0,61 09398 | 09474 | 09531 09554 | 09570 | 09593 | 09600 | 09601 | 09602

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