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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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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,
sufficient irf 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.

The device$ introduced into the pipe are called “primary devices”. The term primary device |also
includes the¢ pressure tappings. All other instruments or devices required for-the' measurement are
known as “§econdary devices”. ISO 5167 (all parts) covers primary devices; secondary devices? will be
mentioned pnly occasionally.

ISO 5167 copnsists of the following six parts.

a) ISO 5167-1 gives general terms and definitions, symbols, principles and requirements as well as
methods of measurement and uncertainty that are to becused in conjunction with ISO 5167-2,
ISO 5147-3, ISO 5167-4, 1SO 5167-5 and ISO 5167-6.

b) ISO 5167-2 specifies orifice plates, which can be used with corner pressure tappings, D and| D/2
pressufe tappings?), and flange pressure tappings.

c) IS0 5147-3 specifies ISA 1932 nozzles3), long adius nozzles, throat-tapped nozzles and Venturi
nozzleg, which differ in shape and in the position of the pressure tappings.

d) 1SO 51€7-4 specifies classical Venturi tubes®.
e) ISO 5147-5 specifies cone meters,
f) ISO 51€47-6 specifies wedge meters.

Aspects of safety are not dealttwithin ISO 5167-1 to ISO 5167-6. It is the responsibility of the us¢r to
ensure that{the system meets/applicable safety regulations.

1) SeeISO 2186:2007.
2)  Orifice plates with “vena contracta” pressure tappings are not considered in ISO 5167-2.

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

4)  Inthe USA the classical Venturi tube is sometimes called the Herschel Venturi tube.

vi © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=dcbe590a95249398bbe8787d633d16a4

INT

ERNATIONAL STANDARD ISO 5167-

3:2020(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
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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 19325 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
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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.

5)
supe

6)

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

rseded by ISO in 1946.

The long radius nozzle differs from the ISA 1932 nozzle in shape and in the position of the pressure tappings.
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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 Onliine browsing platform: available at https://www.iso.org/obp

— IEC Eleftropedia: available at http://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 ng
into a pipeliine in which a fluid is running full. The installation of the prima¥ry device causes a s
pressure difference between the upstream side and the throat. The flowrdte'can be determined

the measured value of this pressure difference and from the knowledge ‘of the characteristics o

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

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

" s

The uncertainty limits can be calculated using the procedure given in ISO 5167-1:2003, Clause 8.

Similarly, the value of the volume flowrate dan*be calculated since

.
qy ==
" p

where

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

qy is the volumeflowrate.

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

zzle
tatic
‘Tom
[ the
t the

ifions

@)

(2)

different it¢nis on the rlght-hand 51de of ormula |1| by thelr numer1ca1 values Tables A 1 to Aj§

given for co

the values of C as a functlon of Red Table A. 5 glves expan51b111ty (expansmn) factors E. They are not

intended for precise interpolation. Extrapolation is not permitted.

The coefficient of discharge € may be dependent on Rej, 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 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 o
fluid during the measurement.

fthe
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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 cgntreline of
the throat.

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:
— hflatinlet 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 revolution, with a
dianjeter of 1,5d, and by the inside citcumference 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 The-arc of circumference B is tangential to the flat inlet part A when d < (2/3)D while its radius
R, i equal.0,2d + 0,02d for f < 0,5 and to 0,2d * 0,006d for § = 0,5. Its centre is at 0,2d frpm the inlet
plang 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<0,5and tod/3 + 0,01d for 2 0,5. Its centre isatd/2 +d/3 = (5/6)
d from the axial centreline and at

a, :[%Jd:o,mzxm (3)

from the flat inlet part A.

© IS0 2020 - 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.
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5.1.2.6 The recess F has a diameter ¢, 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 1d for 0,3<f<

and

2
3

5.1.]

Two
diffe

5.1.]
crite

5.1.]

5.1.

5.1.
face

5.1.5

The
in ag

5.1.!

5.1.1

The
may

The

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

3.2 Apart from the condition given in 5.1:3.1, the profile and the surface finish of the g

0,404 1+\/—0'75 - 0'225
BB

—0,5225}1 for§<BSO,8.
P.8 The profile of the convergent inlet shall be checked by means of a template.

r from each other by more than 0,1 % of their mean value.

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

8 Downstream face

are not specified (see 5.1.1).

L  Material and manufacture

cordance with the foregeing description during flow measurement.
b Pressure tappings

b.1  Cornergpressure tappings shall be used upstream of the nozzle.

upstream 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

diameters of the convergent inlet in the same plane perpendicular tothe axial centreline shall not

roughness

ownstream

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

of tappings

to half the

dian

1eter or to hall the width oI 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 f<0,65: 0,005D<aoré;<0,03D

— for$>0,65: 0,01D<aoré; <0,02D.
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For any value of S

— for clea

n fluids: 1 mm<aor§; < 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 annula
If not, each
of which ar

hnnular chamber shall connect with the inside of the pipe by at least four openings, the

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

to ensure th
following c
b—D d

— X
D I

The length

The thickng
area of the
of the open

All surfaces
machined fj

«100<— %1
0,1+2,384

C of the upstream ring (see Figure 1) shall not be greaterdhan 0,5D.

ss f of the slot shall be greater than or equal to twice’the width a of the annular slot,
Fross-section of the annular chamber, gh, shall be greater than or equal to half the total
ng connecting this chamber to the inside of the pipe.

nish.

The pressure tappings connecting the annular chambers to the secondary devices are pipe-

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

other, but t

The diamet
of the prim|
measured f

ey shall both conform to the preceding requirements.

b1 of the pipe shall be'measured as specified in 6.4.2, the carrier ring being regarded as
ary device. This also applies to the distance requirement given in 6.4.4 so that s sha
rom the upstreahtedge of the recess formed by the carrier ring.

e at equal angles to one another and the individual opening area of which is atteast 12 1

at they do not protrude into the pipe, but shall be less than or equal tod,04D. Moreovel
pndition shall be met:

of the ring which are in contact with the measured fluid shall be clean and shall have a

" slots usually break through the pipe over the entire perimeter, with no break in contirJuity.

hxes
hm?.

bipe,
. the

(4)

The
area

vell-

wall

each

part
[l be

5.1.5.2 T

Ee downstream pressure tappings may either be corner tappings as described in 5.1.5.1 ¢r be
as describe

in the rémainder of this subclause.

The distande between the centre of the tapping and the upstream face of the nozzle shall be

<0,15D for f < 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 jin different
axia] 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 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% < Re,, < 10%
— for0,44<3<0,80 2 x 10% < Re, <107

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

5 <0,35| 0,36 | 0,38+ 0,40 | 042 | 0,44 | 046 | 048 | 0,50 | 0,60 | 0,70 | O}77 | 0,80
104Ra/D| 8,0 59 43 34 2,8 2,4 2,1 1,9 1,8 1,4 1,3 1,2 1,2

NOTE Most of the data onwhich this table is based were probably collected in the range Re, < 10%; at higher Reynolds
numpers more stringentimits 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):

1,15
6 ’
€=0,9900-0,22623*1 —(0,001753%2-0,0033 %15 )(11?0 ] )
e
D

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.

© IS0 2020 - 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):
2/x _R4 _g(k-1)/x
e |[ X7 1-8 1-1 ©)
k-1 | 1-p4r%/x 1-7

Formula (6) is applicable only for values of B, D and Rep 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,/p; = 0,75.
Values of the expansibility [expansion] factor for a range of isentropic exponents, pressuve 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 f, D, Re, and Ra/D are assumed to be known without error, the+glative uncertainty of the yalue
of Cis equal to
— 0,8% fpr £<0,6;
— (28-04) % for > 0,6.
5.1.7.2 Upcertainty of expansibility [expansion] fac¢tor ¢
The relativeg uncertainty of € is equal to

2P o

P
5.1.8 Pressure loss, Aw
The pressufe loss, Aw, for the ISA"1932 nozzle is approximately related to the differential pressure Ap
by Formula|(7)
| - 34 (1-C%)~CpB?
| B S )
JI-B4 (=2 ) +cp?

This pressuyre’loss is the difference in static pressure between the pressure measured at the [wall
on the upstiream side of the primary device at a section where the influence of the qpprnar‘h 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).
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The pressure loss coefficient, K, for the ISA 1932 nozzle is

2
1-B4(1-C?
o] B ) o
cp?
where K is defined by Formula (9):

K= A

9)
1
Pl

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).

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

e 2 illustrates the geometric shapes of long radius nozzlés, showing cross-sections passfing through

BotH types of nozzles consist of a convergent inlet; whose shape is a quarter ellipse, and 4 cylindrical

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

5.2.2 Profile of high-ratio nozzle

5.2.2.1 The inner face can'be characterized by
— B convergent sectiomA;
— hcylindrical throat B;

— hplainendC.

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

The cemtreof theettipseisatadistance B/ 2 fromrtheaxiatcentretime- The mmajorcemntretimeof 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 2020 - All rights reserved 9
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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.

10 © IS0 2020 - All rights reserved
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a) High ratio 0,25 < <0,8
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a Direction of flow.
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Figure 2 — Long radius nozzles
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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 Prdfile of low-ratio nozzle

5.2.3.1 Therequirements given in 5.2.2 for the high-ratio nozzle shall apply also té/the low-ratio n¢zzle

with the exdeption of the shape of the ellipse itself which is given in 5.2.3.2.

at a
the

5.2.3.2 The convergent inlet A has the shape of a quarter ellipse. Theccentre of the ellipse is
distance d/R + (2/3)d = (7/6)d from the axial centreline. The major axis/of the ellipse is parallel t
axial centre]ine. The value of half the major axis is d. The value of halfthe minor axis is (2/3)d.

5.2.4 Material and manufacture

The long raglius nozzle may be manufactured from any material and in any way, provided that it renfains

in accordanjce with the foregoing description during flow-measurement.

5.2.5 Pressure tappings

Ine of the downstream tapping shall be at 0,50D * 0,01D from the inlet face of the nc
e case of a low ratio nozzle with § < 0,318 8 for which the centreline of the downst

1 be at 1,6Df8 ozp {remthe inlet face of the nozzle.

5251 T

1%

e centreline of the upstream tapping shall be at 1Df8:fg from the inlet face of the nozzl

zzle
eam

The centre
except in tH

tapping sh

When installing the pressuretappings, due account shall be taken of the thickness of the gaskets
or sealing npaterial.

hnd/

sible
ular.

5.2.5.2 The centreline of the tapping shall meet the pipe centreline at an angle as near to 90° as pos

but in every
The edges §
the elimina

case within 3° of the perpendicular. At the point of break-through the hole shall be cirg
hall be flush with the internal surface of the pipe wall and as sharp as possible. To en
iom of all burrs or wire edges at the inner edge, rounding is permitted but shall be kept

sure
toa

minimum and, Where It can be measured, 1ts radius snall be 1ess than one-tenth ol 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.

12 © IS0 2020 - All rights reserved
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centrelines of the pressure tappings may be located in any axial plane of the pipeline.
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The axis of the upstream tapping and that of the downstream tapping may be located in different

axia

| 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

FO0 mm < D <630 mm;
D,2<<0,8;
104 < Rej, < 107;

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

Pipejs with higher relative roughness may be used if the roughness-fer a distance of 3
upstiream of the nozzle is within the limit given above. Information as\to how to determing

in IS

NOT

0 5167-1.

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

Re,; 4 106; at higher Reynolds numbers more stringent limits on pipe roughness are probably requirg

5.2.6.2 Discharge coefficient, C

The

accordance with 5.2.5.

The

discharge coefficient, C, is given by Formula (10), when referring to the upstream pij

number Re),:

10 8

7=0,9965-0,00653
ReD

Whdn referring to the Reynalds number at the throat Re;, Formula (10) becomes

inte

5.2.¢

6
7=0,9965-0,00653 £
Red

ded fotprecise interpolation. Extrapolation is not permitted.

t least 10D
Ra is given

in the range
ed.

discharge coefficients, C, are the same for both-types of long radius nozzle when the tappings are in

e Reynolds

(10)

(11)

Valufs of C ds)a function of f and Rej, are given for convenience in Table A.2. These values are not

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, the relative uncertainty of the value of C is
2,0 % for all values of 8 between 0,2 and 0,8.

© IS0 2020 - All rights reserved
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5.2.7.2 Uncertainty of expansibility [expansion] factor ¢

The relative uncertainty of € 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 pagsing
through thq throat centrelines.

The referenice 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 cylindfrical
throat.

The difference between the two throat-tapped nozzles is the pressure tapping in the throat: ejther
pressure tapping is allowed. The upstream tapping shall be located D upstream of the inlet face.

5.3.2 Prdfile of throat-tapped nozzle

5.3.2.1 The inner face can be characterized by
— aninlefface E;
— aconvdrgent section A;

— acylindrical throat B.
5.3.2.2 The arc of circumferenge A may not be tangential to the inlet face E.

5.3.2.3 The shape of A is-ariellipse 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 fthan
0,05 % fromn the valué of the mean diameter. This requirement is considered to be satisfied when the
deviations ih the lerigth of any of the measured diameters comply with the said requirement in respgct of
deviation frpm-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.

Ra _
7<14Red 0,92 (12)

14 © IS0 2020 - All rights reserved
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Figure 3 — Throat-tapped nozzles

.3 Materialand manufacturing

throat-tapped flow nozzle is usually made of metal and shall be erosion- and cory

throat-tapped flow nozzle may be manufactured from any material and in any way, proyided that it
hins inaccordance with the foregoing description during flow measurement.

osion-proof

1 Vel BENLER | 1 131 - - 1 N
ISULUIIC TTUIUS WILID WITICIT IU IS LU DC USCU.

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 5167-1:2003, 5.4.3). Annular slots or interrupted slots shall not be used.

© IS0 2020 - All rights reserved
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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 sharp
corner without any burrs.

5.3.4.3 Upstream tapping

The centreline of the upstream tapping shall be at 1D*%2D from the inlet face of the nozzle. The

-0,1D

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

5344 T

The centre
and shall b
perpendicu

The diamet

dy and dy should be the same.
5.3.5 Codfficients

5.3.5.1 Ljmits of use

The throat-

— 100 mm <D <630 mm,

— 04<p
— 8x10°

— 2mmgdy; <7 mm,

— 2mm 9
— 0,01 =g
— Ra/D <

hroat tapping

ines of the throat tappings shall meet the centreline of the throat-tapped.flow ngzzle
e at equal angles to each other. The centrelines of the throat tappings shall“lie in a glane
ar to the centreline of the nozzle.

er dp shall be from 2 mm to 7 mm and dp/d shall be from 0,01 to 0,04.dtjis recommended|that

fapped flow nozzle shall only be used in accordance;with this document when

< 0,5,
< Re;< 2 x 107,

dr< 7 mm,
[ /d < 0,04,

28 Re;,"092 in the upStream pipe work within 4D.

16
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5.3.5.2 Discharge coefficient, C
The discharge coefficient C is given by Formulae (13) and (14),

C=1,0090-

0,255 (1_400000

0,8
Re 0.2 ] (for 8,0 x 10° < Re;< 3,0 x 109)
d

Red

3

0,255 (400000 \0‘8+

Valups of C as a function of Re,; are given for convenience in Table A.3. They are not intendeq

intel

5.3.!

The
flow]

5.3.6 Uncertainties

5.3.6.1 Uncertainty of discharge coefficient C

With
calih

NOT
atth

5.3.6.2 Uncertainty of expansibility [expansion] factor ¢

The

5.3.]

To o

£=0,9823=

A g o (5 N\ e o anc 5
U,UU1 Ulﬂkﬁt’:'d) Uor 5,U x 1U™ = K€ ;)

T
Redo'2 L Red

polation. Extrapolation is not permitted.

5.3 Expansibility [expansion] factor, ¢

ndications given in 5.1.6.3 (ISA 1932 nozzle) apply also to the expansibility factor for th
nozzles, but within the limits of use specified in 5.3.5.1.

in the limits of use specified in 5.3.5.1, the xnhcertainty of the discharge coefficig
ration is 0,7 %.

) In compressible flow the uncertainty can increase where there is a change in throat tapp
b right-angled bend within the nozzle and nearest to the throat itself.

relative uncertainty of € is equal to

f  Calibrationand extrapolation
btain more'\precise uncertainty, the calibration shall be done according to the following

Measurement must be done at 6 or more different Reynolds numbers.

(13)

(14)

for precise

roat-tapped

bnt without

ing diameter

Maximum Reynolds number of the calibration shall be Re; > 2,5 x 10°. Minimum Reyna

Ids number

of the calibration shall be 8,0 x 10° < Re; < 1,5 x 10°.

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

pec +.0:255 [1_400000

0,8
' d
i J ~0,196-  (for 8,0 x 105 < Re, < 3,0 x 106)
Re 02 d
d

Red
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k=C

¢ 0,2
Red

N 0,255( . 400000

Red

0,8
' d
] ~{0,07461n(Re,;)-0,905 1}7T (for 3,0 x 106 < Re,)

(1

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

C=k

0,255

400000

T, 02
Red

0,8 d
] +{0,07461In(Re;)-0,9051}—
Re; d

Ll_

(16)

(17)

Formula (17) can be used where 3,0 x 106 < Re; < 2,0 x 107 and Red /d < 4,5 x 10° as the extrapolation

of the calibration result. - The uncertainty of the Hicrhargp coefficientis given hy the Fn]]nvving

0,32+

where U, i
operating iJ
calibration
If a flow co
work suffic
conditioner

NOTE Iy
at the right-g

5.3.8 Pre

Subclause 5

U2 (%)

the uncertainty of the calibration facility. The calibration shall be performéd at a fad
1 accordance with ISO/IEC 17025. The operational pipe design should be'replicated a

hditioner is used, the calibration pipe work is considered to replicate’ the operational
ently when the pipe work is in accordance with 6.3.2 and the same-upstream pipe and
are used in both calibration and operation.

compressible flow the uncertainty can increase where there jsi\a change in throat tapping dian
ngled bend within the nozzle and nearest to the throat itself.

ssure Loss

5.4 Vent

5.4.1 General shape

5.4.1.1 The profile of the Venturi nozzle (see Figure 4) is axisymmetric. It consists of a conver

section wit}

5.4.1.2 The upstream face isddentical 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, w

diameter of]
When d = (Z
Whendis g

iri nozzles

arounded profile, a cylindrical throat and a divergent section.

1,5d, and by-the inside circumference of the pipe, of diameter D.
/3)D, the radial width of this flat part is zero.

réater than (2/3)D, the upstream face of the nozzle does not include a flat inlet part w

.1.8 (ISA 1932 nozzle) applies equally to the pressure loss of throat-tapped flow nozzleq.

ility
t the

Facility in order to reduce the uncertainty of the throat-tapped flow nozZle in its installafion.

pipe
flow

heter

gent

th a

thin

the pipe. In ThiSTase, the nozzIe IS manufactured as if D Were greater than 1,54 and the intet fiat 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 f < 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.

18
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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<0,5and tod/3 + 0,01d for 2 0,5. Its centre isatd/2 +d/3 = (5/6)
d from the axial centreline and at

124439
60

n

d=0,3041d (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_6f\at least four
dianpeters 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 motre than (,05 % from
the yalue of the mean diameter. This requirement is considered as satisfied when the devidtions in the
length of any of the measured diameters comply with the said requirement jin‘tespect of deyiation from
the nean.
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Figure 4 — Venturi nozzle

5.4.1.7 The divérgent section (see Figure 4) shall be connected with the part F of the throat with¢ut a
rounded paftybut 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 Venturi nozzle 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 pip
congideration should be given to tapping position if contaminants, liquid droplets or gas
likell to be present. In these cases the base and top of the pipe should be avoeided.

5.4.3.2 Upstream pressure tappings

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

5.4.3.3 Throat pressure tappings

The [throat pressure tappings shall comprise at least four single pressure tappings I
an gdnnular chamber, piezometer ring or, if there atre four tappings, a “triple-T” arrang
ISO $167-1:2003, 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 3
at equal angles to each other. The centrelines of the throat pressure tappings shall lie i
pergendicular to the centreline of the\Venturi nozzle, which is the imaginary border b
parts E and F of the cylindrical throat.

The
0,04

diameter 6, of the individualtappings in the throat of Venturi nozzles shall be less than
(d 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
diampeter of the tappings; measured from the inner wall of the Venturi nozzle.

At tl
surf
wire
mea
appe

ne point of bpeak-through the hole shall be circular. The edges shall be flush with f{
hce of the Venturi nozzle wall and as sharp as possible. To ensure the elimination of
edges at'the inner edge, rounding is permitted but shall be kept to a minimum and whe
suredpits radius shall be less than one-tenth of the pressure-tapping diameter. No irregi
ar’inside the connecting hole, on the edges of the hole drilled in the Venturi nozzle, or

e. However,
bubbles are

be located

bading into
ement (see

nd shall be
n the plane
etween the

or equal to

rhe internal

he internal
all burrs or
bre it can be
hlarity shall
on the pipe

walllclese to the pressure tapping

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

inspection.
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ividual corner tappings

Figure 5 — Venturi'nozzle — Pressure tappings

5.4.4 Codfficients

5.4.4.1 Limits of use
Venturi nozzles shall only*be used in accordance with this document when
— 65 mmi< D <500mm,

— d=50mm,

— 0,316 lg=20.775

— 1,5x 105 < 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~%. 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 ISO 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 0,42 044 | 046 0,48 0,50 0,60 0,70 | 0,775
104Ra/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

£=0,9858-0,196 345 (19)

Valugs 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, C is independent of the Reynelds number and of the pipe
diamjeter D.

5.4.4.3 Expansibility [expansion] factor, ¢

The findications given in 5.1.6.3 (ISA 1932 nozzle) apply also t6. the expansibility [expansion] factor for
Ventjuri nozzles, but within the limits of use specified in 5.4.44.

5.4.5 Uncertainties

5.4.5.1 Uncertainty of discharge coefficient &

Within the limits of use specified in 5.4.4.1"and when f is assumed to be known withoyt error, the
relative uncertainty of the values of the discharge coefficient C is equal to

1,2+1,58%4)%

5.4.5.2 Uncertainty of expansibility [expansion] factor ¢

The felative uncertainty.of’c is equal to

4+100ﬂ8)£ %
Py

5.4.6 Pressure loss

The ndications 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:

_ Ap”_Ap/

3 "

(20)

It is shown in Figure 6 and depends, in particular, on
— the diameter ratio (¢ decreases when f§ increases),

— the Reynolds number (¢ decreases when Rej, increases),
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— 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 %.

>0 >(60)

o0

Ap'

Ap"

a Pressurg¢ loss.
b Directioh of flow.

Figure 6 — Pressure loss across_ a Venturi nozzle

6 Installation requirements

6.1 Gendral

General insfallation requirements for pressure differential devices are contained in ISO 5167-1:2003,
Clause 7 anld should be followed in cofijunction with the additional specific installation requirements
for nozzles and Venturi nozzles given'in this clause. The general requirements for flow conditions a£the

primary dejice are given in 1SO-5167-1:2003, 7.3. The requirements for use of a flow conditioner are
given in IS() 5167-1:2003, 7.4. Far'some commonly used fittings, as specified in Table 3, the minifnum
straight lengths of pipe indicated may be used (detailed requirements are given in 6.2).

6.2 Minimum upstréam and downstream straight lengths for installation between
various fiftings and the primary device

6.2.1 The mlmmum stralght lengths of pipe required upstream and downstream of the primary d¢vice
for the SpeC find firtingogc 10 thaoitnciallation anath ot £l con ikt o ne S givzan 10 T 1o 2

TTICTr 1“""“6"’ H-tthRe-HStara o Wit et row-cohattonersare SIVCIT T TOOTC—OT

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

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

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

t 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,

position. The valve shown in Table 3 is one which is of the same nominal diameter as thé t1p3

but ywhose bore diameter is such that a diameter step is larger than that permitted in 614-3.

The values given in Table 3 were determined experimerntally with a very long str

ing information may be used as a guide for normal jnstallation practice.

f the primary device is installed in a pipe leading’from an upstream open space or |
pither directly or through any other fittings covered by Table 3, the total length of pi

the primary device.

A metering system header is notan open space or large vessel in this instance. A

hormal header whose cross-sectional area is typically equal to 1,5 times the cross-se
pf the operating flowmetertubes, it is strongly recommended that a flow conditioner

Flow profile and a high'probability of swirl.
b) [f several fittings-of the type covered by Table 3 (treating the combinations of 90° be

chall be applied:

a'straight length greater than or equal to the minimum length given in Table 3 app|
the specific nozzle diameter ratio used with fitting 1.

ted upstream of the fitting in question so that the flow dmmediately upstream of the

Lhe open space and the primary device shallméver be less than 30D. If a fitting covered |
nstalled then the straight lengths specified in the Tables shall also apply between thig

1) Betweéen the nozzle and fitting 1 (the fitting immediately upstream of the nozzle) th

in the open
tream pipe,

bework and
than those
ked to have

hight length
fitting was
achieve, the

arge vessel,
pe between
by Table 3 is

fitting and

arge vessel

chall have a cross-sectional area-of at least 10 times that of the metering tube. In the case of a

rtional area
be installed

Hdownstream of the header (see ISO 5167-1:2003, 7.4) since there will always be distofrtion of the

hds already

rovered by thése tables as a single fitting) are placed in series upstream of the nozzle, the following

ere shall be
ropriate for

2)
straight length greater than or equal to half the minimum length given in Table 3 fo

Between fitting 1 and fitting 2 (the next fitting upstream of the nozzle), there shall be a

r anozzle of

diameter ratio 0,7 used with fitting 2 (irrespective of the actual diameter ratio of the nozzle).

NOTE
used to calculate this minimum length.

3)

If the pipe diameter changes at fitting 1, the pipe diameter between fitting 1 and fitting 2 is

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 uncertainty shall be added arithmetically

to the discharge coefficient uncertainty.

4) If fitting 1 is a full-bore valve (as in Table 3), then the valve can be installed at t

fitting 2.

© IS0 2020 - All rights reserved
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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.

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 a
Columi

hy upstream fitting, the distance meets this requirement using the number of diametef's in
B butnot thatin Column A, then a 0,5 % additional uncertainty shall be added arithmetifally

to the dlischarge coefficient uncertainty. However, this additional uncertainty shall néot be aglded

more th

d) For the
Table 3

Key
1 expande

1

lan once under the provisions of b) and c).

2

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

3

N

150

140

290

r
ball valve or gate~valve fully open

Figure 7 — Layout including a full bore valve for 5= 0,6

2 full bordg
3  nozzle
28
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(31 + x)0 D (16 + yID
a)x20,y20,x+y=26
YN
N
D =530
b)
) E
Q
2620 20 2110 he
)
A
E: Q
v S
{155 + XD 20 (25 + D

d)x=20,y20,x+y=2115

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

© IS0 2020 - All rights reserved
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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
two beds I perpendicutar pfanes shait be at teast 31X 2D {from 6.2.8 bjJ; the distance betyeen
the tw@ bends in perpendicular planes and the nozzle shall be at least 54D [from 6.2.8 ¢)]*§jo no

additional length is required because of 6.2.8 c)

If fittin
the noz
and thd
betwee
Soana
the exp

b 1 is an expander from 0,5D to D over a length of 2D [see Figure 8 d)], the distarce bety
zle and the expander shall be at least 25D (from Table 3) and that betwéen the expa
two bends in perpendicular planes shall be at least 31 x 0,5D [from 6¢2.8 b)]; the disthnce
n the nozzle and the two bends in perpendicular planes shall be at least’ 54D [from 6.2.8 c]].
dditional total length of 11,5D is required which may be either up$tpeam or downstream of
ander or partly upstream and partly downstream of it.

veen
nder

6.3 Flow|conditioners

6.3.1 A flpw conditioner can be used to reduce upstream sttaight lengths either through me¢ting

the complig
upstream fi
possibilitieg
of nozzle as

6.3.2 Wh
a flow cong
straight pip
recommend

6.4 Circy

6.4.1 The
is one) sha
any plane i

nce test given in ISO 5167-1:2003, 7.4.1, in whick/case it can be used downstream of
[ting, or through meeting the requirements of [SO:5167-1:2003, 7.4.2, which gives additj
outside the compliance test. In either case, the'test shall be carried out using the same
that used for the measurement of flow.

en a throat-tapped nozzle is used the-installation is compliant with this document w|
litioner is installed 16D *= 0,5D-upstream of the inlet face, E, and there is at least 4

ed (e.g. Akashi type in Annex'B).
larity and cylindrieality of the pipe

2D length of thé-upstream pipe section adjacent to the nozzle (or to the carrier ring if t
1 be manufaetured with special care and shall meet the requirement that no diamet
0 this length.shall differ by more than 0,3 % from the mean value of D obtained fron

any
onal

type

here
D of

e upstream of the flow conditioner. In this case, a perforated plate type flow conditionler is

here
br in
| the

measuremejnts specified in 6.4.2.

6.4.2 The th of
0,5D upstr hetic
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.

value for the pipe diameter, D, shall be the mean of the internal diameters over a leng
amy’ of the upstream pressure fqpping The internal mean diameter shall be the arith

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

nd the first location where an expander could be fitted in accordance with Colamn 64
no aflditional uncertainty in the discharge coefficient is involved, provided that the diamet
diffdrence between the diameters) between any two sections does not exceed 6% 0f the m
D obfrained from the measurements specified in 6.4.2. Moreover, the actual stepCaused by m
and/or change in diameter shall not exceed 6 % of D at any point of the internal circumfe
pipe} On each side of the step, the pipe shall have a diameter between 0,94Djand 1,06D. The f
where an expander could be fitted in accordance with Column 6A of‘Table 3 depends on tl

Beyc

\ of Table 3,
er step (the
ban value of
salignment
rence of the
rstlocation
e diameter

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

6.4.
discl
but ¢

}  An additional uncertainty of 0,2 % shall be added arithmetically to the uncerta
narge coefficient if the diameter step AD between any two'sections exceeds the limits gi
omplies with the following relationships:

nty for the
ven in 6.4.3,

S
—+0,4
AEDSO,OOZ (21)

0,1+2,38%

and

AD

—<0,05 22
D (22)

whe used, from

the

Fe s is the distance of the step from the upstream pressure tapping or, if a carrier ring i
ipstream edge of the(récess formed by the carrier ring.

ere is more
rument. For

6.4.5 If a step is,greater than any one of the limits given in the inequalities above or if th
than| one step outside the limits in 6.4.3, the installation is not in accordance with this do
further guidancerefer to ISO 5167-1:2003, 6.1.1.

No diameter of the downstream straight length, considered along a length of at least 2D from
ipstream face of an ISA 1932 nozzle or a long radius nozzle, shall differ from the mean|diameter of
FeaTT Stratght tengtiT by Tore tham 396, T1 Tt s by CheckiT mgtedtameter of the

the
the s 2V D
downstream straight length.

D C O pe Judged DY O 4

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
0,142,384

In the case where

o _ 0,005D
X 0,142,384
this documgnt gives no information by which to predict the value of any additional uncertainty t

taken into 4

6.5.4 Wh
any point.

6.6 Meth

6.6.1 The
in the propg

Itis necess4d
and to avoid

6.6.2 Gas
any point ix
shall be as

5.1.5.2 or 5.

ccount.

b1 carrier rings are used, they shall be centred such that they do not protrude into the pi

od of fixing and gaskets

method of fixing and tightening shall be such that once the primary device has been inst
r position, it remains so.

ry, when holding the primary device between flanges, to allow for its free thermal exparn
| buckling and distortion.

o be

De at

hlled

sion

kets or sealing rings shall be made and inserted in such a way that they do not protrude at

side the pipe or across the pressure tappings or slots when corner tappings are used.
hin as possible, with due consideration taken in maintaining the relationship as defing
2.5.1 as appropriate.

6.6.3 If gi
protrude in

iskets are used between the primary device and the annular chamber rings, they shal
side the annular chamber:

7 Flow ¢alibration of nozzles

7.1 Gene¢

For users

ral

f nozzles”of the geometry described in this document that require a lower disch|

coefficient §incertainty 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 wj

the geomet

Fy-differs from that described in this document, the nozzle shall be calibrated. For fuy

L2 7

[hey
pd in

not

arge
here
ther

information

£l £l P | 1
UIl LIIC UST Ul LII1rvuat LalJlJCu IMTULZLZICS SUUC J.J.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 equation for the expansibility (expansion) factor.

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.

32
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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 thg nozzle is to be used with a flow conditioner a package consisting of at least 4D of pipje upstream
of the flow conditioner, the flow conditioner, the pipe between the flow conditioner and the nozzle, the
noz7le and at least 6D of pipe downstream of the nozzle shall be calibrated.

The prientation 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 orjder 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
expgcted to see in operational service. The number of test points shall be appropriate for the incertainty
reqyirements. The test facility can calibrate the nozzle using liquid or gas, or both liquid and gas in
sepdrate tests to cover the required Reynolds number range.

The falibration data of a nozzle are not transfetiable to another nozzle. If the meter has multiple sets of
tapplings, each set shall be calibrated as if it were a separate meter. Extrapolation of the calilration shall
not e permitted.

7.5 | Reporting the calibration results

The |calibration test report shall provide both tabulated and graphical results of the [differential
presgure, Reynolds numberand discharge coefficient values.

The [discharge coefficiént versus Reynolds number relationship determined in the calibratfion process
shall| be implemented-according to the user’s requirements. If this relationship is not constapt to within
the Yiser’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 Gemrerat

All uncertainties calculated as part of this flow calibration shall be stated to a 95 % confidence level.

7.6.2 Uncertainty of the test facility

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

Where both liquid and gas tests are separately used to cover the Reynolds number range, the uncertainties
of each test facility for the relevant test points shall be clearly detailed in the calibration report.
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ISO 5167-3:2020(E)

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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