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National foreword

This Section of BS 1042 has been prepared under the direction of the
Industrial-process Measurement and Control Standards Policy Committee. It
supersedes BS 1042-1.1: 1981 which is withdrawn. It is identical with

ISO 5167-1:1991 Measurement of fluid flow by means of pressure differential
devices — Part 1: Orifice plates, nozzles and Venturi tubes inserted in circular
cross-section conduits running full, published by the International Organization
for Standardization (ISO).

In 1996 the European Committee for Standardization (CEN) accepted

ISO 5167-1:1991 as European Standard EN ISO 5167-1:1996. As a consequence
of implementing the European Standard this British Standard is renumbered as
BS EN ISO 5167-1 and any reference to BS 1042-1.1:1992 should be read as a
reference to BS EN ISO 5167-1.

Amendment No. 1 to BS EN ISO 5167-1:1997 introduces a new equation for the
discharge coefficient, C.

This 1s Section 1.1 of a series of Sections of BS 1042 on the measurement of fluid
flow in closed conduits, as follows:

— Section 1.2: Specification for square-edged orifice plates and nozzles
(with drain holes, in pipes below 50 mm diameter, as inlet and outlet devices)
and other orifice plates;

— Section 1.3: Method of measurement of gas flow by means of critical flow
Venturi nozzles;

— Section 1.4: Guide to the use of devices specified in Sections 1.1 and 1.2;

— Section 1.5: Guide to the effect of departure from the conditions specified in
Section 1.1.
An index to Sections 1.1, 1.2 and 1.4 is provided in Section 1.4, to facilitate the
rapid cross-referencing of subject matter.

Cross-references

International standard Corresponding British Standard

IS0 4006:1991 BS 5875:1991 Glossary of terms and symbols for
measurement of fluid flow in closed conduits
(Identical)

NOTE Reference in the text to ISO 5168 is to the revised edition currently in preparation. The
current edition of ISO 5168 is implemented as BS 5844:1980, which will be superseded by a revision
when the revision of ISO 5168 is published.

A British Standard does not purport to include all the necessary provisions of a
contract. Users of British Standards are responsible for their correct application.

Compliance with a British Standard does not of itself confer immunity
from legal obligations.

Summary of pages

This document comprises a front cover, an inside front cover, pages 1 to iv,
the EN ISO title page, pages 2 to 62, an inside back cover and a back cover.

This standard has been updated (see copyright date) and may have had
amendments incorporated. This will be indicated in the amendment table on

the inside front cover.
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EUROPEAN STANDARD EN ISO 5167-1
NORME EUROPEENNE
EUROPAISCHE NORM September 1995

ICS 17.120.10
Descriptors: Fluid flow, pipe flow, flow measurement, diaphragms (mechanics), nozzles, Venturi tubes

English version

Measurement of fluid flow by means of
pressure differential devices —
Part 1: Orifice plates, nozzles and Venturi tubes
mserted 1n circular cross-section conduits running full

IS0 5167-1:1991)

Mesure de débit des fluides au moyen d’appareil  DurchfluBmessung von Fluiden mit

déprimogenes — Partie 1: Diaphragmes, Drosselgerédten — Teil 1: Blenden, Du sen und
tuyeres et tubes de Venturi insérés dans des Venturirohre in voll durchstromten Leitungen
conduites en charge de section circulaire mit Kreisquerschnitt

(ISO 5167-1:1991) (ISO 5167-1:1991)

This European Standard was approved by CEN on 1995-08-31. CEN members
are bound to comply with the CEN/CENELEC Internal Regulations which
stipulate the conditions for giving this European Standard the status of a
national standard without any alteration.

Up-to-date lists and bibliographical references concerning such national
standards may be obtained on application to the Central Secretariat or to any
CEN member.

This European Standard exists in three official versions (English, French,
German). A version in any other language made by translation under the
responsibility of a CEN member into its own language and notified to the
Central Secretariat has the same status as the official versions.

CEN members are the national standards bodies of Austria, Belgium,
Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy,
Luxembourg, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland and
United Kingdom.

CEN

European Committee for Standardization
Comité Européen de Normalisation
Europaisches Komitee fur Normung

Central Secretariat: rue de Stassart 36, B-1050 Brussels

© 1995 All rights of reproduction and communication in any form and by any means reserved in all
countries to CEN and its members ocuments

Fel No. I 167-1:
a Eﬁoc%?ngn?gharllﬁgmb

Full document details: BS EN ISO 5167-1:1997


http://www.avadocuments.com/doc/bs-en-iso-5167-1-1997
http://www.avadocuments.com/doc/bs-en-iso-5167-1-1997

EN ISO 5167-1:1995

Foreword

This European Standard was taken over by CEN
from the work of ISO/TC 30, Measurement of fluid
flow in closed conduits, of the International
Standards Organization (ISO).

This European Standard shall be given the status of
a national standard, either by publication of an
identical text or by endorsement, at the latest by
March 1996, and conflicting national standards
shall be withdrawn at the latest by March 1996.

According to the CEN/CENELEC Internal
Regulations, the following countries are bound to
implement this European Standard: Austria,
Belgium, Denmark, Finland, France, Germany,
Greece, Iceland, Ireland, Italy, Luxembourg,
Netherlands, Norway, Portugal, Spain, Sweden,
Switzerland and the United Kingdom.
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1 Scope

This part of ISO 5167 specifies the geometry and
method of use (installation and operating
conditions) of orifice plates, nozzles and Venturi
tubes when they are inserted in a conduit running
full to determine the flow-rate of the fluid flowing in
the conduit. It also gives necessary information for
calculating the flow-rate and its associated
uncertainty.

It applies only to pressure differential devices in
which the flow remains subsonic throughout the
measuring section and is steady or varies only
slowly with time and where the fluid can be
considered as single-phase. In addition, each of
these devices can only be used within specified
limits of pipe size and Reynolds number. Thus this
part of ISO 5167 cannot be used for pipe sizes less
than 50 mm or more than 1 200 mm or for pipe
Reynolds numbers below 4 000.

It deals with devices for which direct calibration
experiments have been made, sufficient in number,
spread and quality to enable coherent systems of
application to be based on their results and
coefficients to be given with certain predictable
limits of uncertainty.

The devices introduced into the pipe are called
“primary devices”. The term primary device also
includes the pressure tappings. All other
Instruments or devices required for the
measurement are known as “secondary devices”.
This part of ISO 5167 covers primary devices;
secondary devices? will be mentioned only
occasionally.

The different primary devices dealt with in this part
of ISO 5167 are as follows:

a) orifice plates, which can be used with corner
pressure tappings, D and D/2 pressure
tappings2), and flange pressure tappings;

b) ISA 1932 nozzles®, and long radius nozzles,
which differ in shape and in the position of the
pressure tappings;

c¢) classical Venturi tubes4), and Venturi nozzles,
which differ in shape and in the position of the
pressure tappings.

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this part of ISO 5167. At the time of publication,
the editions indicated were valid. All standards are
subject to revision, and parties to agreements based
on this part of ISO 5167 are encouraged to
investigate the possibility of applying the most
recent editions of the standards indicated below.
Members of IEC and ISO maintain registers of
currently valid International Standards.

ISO 468:1982, Surface roughness — Parameters,
their values and general rules for specifying
requirements.

IS0 4006:1991, Measurement of fluid flow in closed
conduits — Vocabulary and symbols.

ISO 5168:.—, Measurement of fluid flow —
Evaluation of uncertainties®.

3 Definitions

For the purposes of this part of ISO 5167, the
definitions given in ISO 4006 apply.

The following definitions are given only for terms
used in some special sense or for terms the meaning
of which it seems useful to emphasize.

3.1 Pressure measurement

3.1.1
wall pressure tapping

annular or circular hole drilled in the wall of a
conduit in such a way that the edge of the hole is
flush with the internal surface of the conduit

the hole is usually circular but in certain cases may
be an annular slot

3.1.2
static pressure of a fluid flowing through a
straight pipeline, p

pressure which can be measured by connecting a
pressure gauge to a wall pressure tapping. Only the
value of the absolute static pressure is considered in
this part of ISO 5167

D See ISO 2186:1973, Fluid flow in closed conduits — Connections for pressure signal transmissions between primary and

secondary elements.

2) Orifice plates with vena contracta pressure tappings are not considered in this part of ISO 5167.

3) ISA is the abbreviation for the International Federation of the National Standardizing Associations, which was succeeded by

ISO in 1946.

9 In the USA the classical Venturi tube is sometimes called the Herschel Venturi tube.

5 To be published. (Revision of ISO 5168:1978)
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3.1.3
differential pressure, Ap

difference between the (static) pressures measured
at the wall pressure tappings, one of which is on the
upstream side and the other of which is on the
downstream side of a primary device (or in the
throat for a Venturi tube) inserted in a straight pipe
through which flow occurs, when any difference in
height between the upstream and downstream
tappings has been taken into account

in this part of ISO 5167 the term “differential
pressure” is used only if the pressure tappings are in
the positions specified for each standard primary
device

3.1.4
pressure ratio, T

ratio of the absolute (static) pressure at the
downstream pressure tapping to the absolute
(static) pressure at the upstream pressure tapping

3.2 Primary devices

3.2.1
orifice; throat

opening of minimum cross-sectional area of a
primary device

standard primary device orifices are circular and
coaxial with the pipeline

3.2.2
orifice plate

thin plate in which a circular aperture has been
machined

standard orifice plates are described as “thin plate”
and “with sharp square edge”, because the thickness
of the plate is small compared with the diameter of
the measuring section and because the upstream
edge of the orifice is sharp and square

3.2.3
nozzle

device which consists of a convergent inlet
connected to a cylindrical section generally called
the “throat”

3.2.4
venturi tube

device which consists of a convergent inlet
connected to a cylindrical part called the “throat”
and an expanding section called the “divergent”
which is conical

if the convergent inlet is a standardized ISA 1932
nozzle, the device is called a “Venturi nozzle”. If the
convergent inlet is conical, the device is called a
“classical Venturi tube”

3.2.5

diameter ratio of a primary device used in a
given pipe,

ratio of the diameter of the orifice (or throat) of the
primary device to the internal diameter of the
measuring pipe upstream of the primary device

however, when the primary device has a cylindrical
section upstream, having the same diameter as that
of the pipe (as in the case of the classical Venturi
tube), the diameter ratio is the quotient of the throat
diameter and the diameter of this cylindrical section
at the plane of the upstream pressure tappings

3.3 Flow

3.3.1
rate of flow of fluid passing through a primary
device, q

mass or volume of fluid passing through the orifice
(or throat) per unit time; in all cases it is necessary
to state explicitly whether the mass rate of flow q,,,
expressed in mass per unit time, or the volume rate
of flow q,, expressed in volume per unit time, is
being used

3.3.2
reynolds number, Re

dimensionless parameter expressing the ratio
between the inertia and viscous forces

the Reynolds number used in this part of ISO 5167
is referred to

— either the upstream condition of the fluid and
the upstream diameter of the pipe, i.e.
unD 44,
Rep=——=—7F
1 nuD
— or the orifice or throat diameter of the primary
device, 1.e.

Rep,
Re; = ——
7B
3.3.3
isentropic exponent, %

ratio of the relative variation in pressure to the
corresponding relative variation in density under
elementary reversible adiabatic (isentropic)
transformation conditions

the isentropic exponent k appears in the different
formulae for the expansibility [expansion] factor €
and varies with the nature of the gas and with its
temperature and pressure

there are many gases and vapours for which no
values for k& have been published so far. in such a
case, for the purposes of this part of ISO 5167, the
ratio of the specific heat capacities of ideal gases can
be used in place of the isentropic exponent
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3.3.4

discharge coefficient, C

coefficient, defined for an incompressible fluid flow,
which relates the actual flow-rate to the theoretical
flow-rate through a device. It is given by the formula

o /1 —F
%‘dzxﬂAPm

calibration of standard primary devices by means of
incompressible fluids (liquids) shows that the
discharge coefficient is dependent only on the
Reynolds number for a given primary device in a
given installation

the numerical value of C is the same for different
installations whenever such installations are
geometrically similar and the flows are
characterized by identical Reynolds numbers

the equations for the numerical values of C given in
this part of ISO 5167 are based on data determined
experimentally

NOTE 1 The quantity 1/ /1 - is called the “velocity of
approach factor” and the product

1

c———-»,._1 =

is called the “flow coefficient”.

3.3.5
expansibility [expansion] factor, €

coefficient used to take into account the
compressibility of the fluid. It is given by the

formula
w15
% d*C[2Ape,

calibration of a given primary device by means of a
compressible fluid (gas), shows that the ratio

qm/1- B
& 4*\2Ape,

is dependent on the value of the Reynolds number as
well as on the values of the pressure ratio and the
isentropic exponent of the gas

the method adopted for representing these
variations consists of multiplying the discharge
coefficient C of the primary device considered, as
determined by direct calibration carried out with
liquids for the same value of the Reynolds number,
by the expansibility [expansion] factor €

€ is equal to unity when the fluid is incompressible
and is less than unity when the fluid is compressible

this method is possible because experiments show
that € is practically independent of the Reynolds
number and, for a given diameter ratio of a given
primary device, € only depends on the differential
pressure, static pressure and the isentropic
exponent

the numerical values of € for orifice plates given in
this part of ISO 5167 are based on data determined
experimentally. For nozzles and Venturi tubes they
are based on the thermodynamic general energy
equation

3.3.6
arithmetical mean deviation of the
(roughness) profile, R,

arithmetic mean deviation from the mean line of the
profile being measured. The mean line is such that
the sum of the squares of the distances between the
effective surface and the mean line is a minimum. In
practice R, can be measured with standard
equipment for machined surfaces but can only be
estimated for rougher surfaces of pipes

(See also ISO 468.)

for pipes, the uniform equivalent roughness k is
used. This value can be determined experimentally
(see 8.3.1) or taken from tables (see Annex E)
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4 Symbols and subscripts

4.1 Symbols
Symbol Quantity Dimensions? SI unit
C Coefficient of discharge dimensionless |—
d Diameter of orifice (or throat) of primary device at working conditions | L m
D Upstream Internal pipe diameter (or upstream diameter of a classical | L m
Venturi tube) at working conditions
e Relative uncertainty dimensionless |—
k Uniform equivalent roughness L m
1 Pressure tapping spacing L m
L Relative pressure tapping spacing dimensionless |—
_ 1
D
p Absolute static pressure of the fluid ML T2 Pa
9m Mass rate of flow MTL kg/s
qy Volume rate of flow L3711 mS/s
R Radius L m
R, Arithmetical mean deviation of the (roughness) profile L m
Re Reynolds number dimensionless |—
Repy Reynolds number referred to D dimensionless |—
Rey Reynolds number referred to d dimensionless |—
t Temperature of the fluid (©] °C
U Mean axial velocity of the fluid in the pipe LT ! m/s
p Diameter ratio dimensionless |—
_d
D
4 Ratio of specific heat capacities® dimensionless |—
o Absolute uncertainty c c
Ap Differential pressure ML~ T2 Pa
Aw Pressure loss ML T2 Pa
€ Expansibility [expansion] factor dimensionless |—
K Isentropic exponent® dimensionless |—
u Dynamic viscosity of the fluid MI 1 T2 Pas
v Kinematic viscosity of the fluid 1271 m2/s
V = E
Q
& Relative pressure loss dimensionless |—
0 Density of the fluid MI 3 kg/m?
T Pressure ratio dimensionless |—
T = 112_
Py
(1) Total angle of the divergent section dimensionless |rad
aM = mass, L = length, T = time, ® = temperature.
b y is the ratio of the specific heat capacity at constant pressure to the specific heat capacity at constant volume. For ideal gases, the
ratio of the specific heat capacities and the isentropic exponent have the same value (see 3.3.3). These values depend on the nature
of the gas.
¢The dimensions and units are those of the corresponding quantity.
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4.2 Subscripts

Subscript Meaning

Upstream

2 Downstream

5 Principle of the method of
measurement and computation

5.1 Principle of the method of measurement

The principle of the method of measurement is
based on the installation of a primary device

(such as an orifice plate, a nozzle or a Venturi tube)
into a pipeline in which a fluid is running full.

The installation of the primary device causes a
static pressure difference between the upstream
side and the throat or downstream side of the
device. The rate of flow can be determined from the
measured value of this pressure difference and from
the knowledge of the characteristics of the flowing
fluid as well as the circumstances under which the
device is being used. It is assumed that the device is
geometrically similar to one on which calibration
has been carried out and that the conditions of use
are the same, i.e. that it is in accordance with this
part of ISO 5167.

The mass rate of flow can be determined, since it is
related to the differential pressure within the
uncertainty limits stated in this part of ISO 5167, by
one of the following formulae:

C Iryves
qm=——T-s‘ %dz 2Apg, . (1)

N

or

C
i & 4282y e

where Q9 and &, are referred to the downstream
conditions.

Note that

Ap

1+p2

€y = &y

Similarly, the value of the volume rate of flow can be
calculated since

Gy=—tm .3

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

5.2 Method of determination of the diameter
ratio of the selected standard primary device

In practice, when determining the diameter ratio of
a primary element to be installed in a given
pipeline, C and € used in the basic formulae (1)
and (2) are, in general, not known. Hence the
following shall be selected a priori:

— the type of primary device to be used,

— a rate of flow and the corresponding value of
the differential pressure.

The related, values of g, and Ap are then inserted
in the basic formulae rewritten in the form

Cep? 44,
1-p* =D [2Ape

in which ¢ and € can be inserted for either upstream
or downstream conditions (Q; and &1, or Q9 and &)
and the diameter ratio of the selected primary
device can be determined by iteration (see Annex D).

5.3 Computation of rate of flow

Table A.1 to Table A.16 are given for

convenience: Table A.1to Table A.13 give the values
of C as a function of §, Rep and D for orifice plates
and nozzles, Table A.14 and Table A.15 give orifice,
nozzle and Venturi tube expansibility factors £, and
Table A.16 gives values of Venturi nozzle discharge
coefficients. They are not intended for precise
interpolation. Extrapolation is not permitted.

Computation of the rate of flow, which is a purely
arithmetic process, is effected by replacing the
different terms on the right-hand side of the basic
formula (1) or (2) by their numerical values.

NOTE 2 Except for the case of Venturi tubes, C may be
dependent on Re, which is itself dependent on g,,. In such cases
the final value of C, and hence of g,,,, has to be obtained by
iteration. See Annex D for guidance regarding the choice of the
iteration procedure and initial estimates.

NOTE 3 Ap represents the differential pressure, as defined

in 3.1.3.

NOTE 4 The diameters d and D mentioned in the formulae are
the values of the diameters at the working conditions.
Measurements taken at any other conditions should be corrected
for any possible expansion or contraction of the primary device
and the pipe due to the values of the temperature and pressure of
the fluid during the measurement.

NOTE 5 Itis necessary to know the density and the viscosity of
the fluid at the working conditions.

5.4 Determination of density

It is necessary to know the density of the fluid at the
plane of the upstream or downstream pressure
tapping; it can either be measured directly or be
calculated from a knowledge of the static pressure,
temperature and characteristics of the fluid at the
appropriate plane. However, it is considered that
the upstream pressure tapping will provide the
most consistent results.
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5.4.1 The static pressure of the fluid shall be
measured in the plane of the upstream or
downstream pressure tapping by means of an
individual pipe-wall pressure tapping (as described
in 8.2.1) or by means of carrier ring tappings

(see Figure 6).

5.4.1.1 The static pressure tapping shall preferably
be separate from the tappings provided for
measuring the components of the differential
pressure, unless the intention is to measure
upstream and downstream pressures separately.

It is, however, permissible to link simultaneously
one pressure tapping with a differential pressure
measuring device and a static pressure measuring
device, provided that it is verified that this double
connection does not lead to any distortion of the
differential pressure measurement.

5.4.1.2 The static pressure value to be used in
subsequent computations is that existing at the
level of the centre of the measuring cross-section,
which may differ from the pressure measured at the
wall.

5.4.2 The temperature of the fluid shall preferably
be measured downstream of the primary device. The
thermometer well or pocket shall take up as little
space as possible. The distance between it and the
primary device shall be at least equal to 5D (and at
most 15D when the fluid is a gas) if the pocket is
located downstream, and in accordance with the
values given in Table 1, columns 10 and 11, if the
pocket is located upstream.

Within the limits of application of this part of
ISO 5167 it may generally be assumed that the
downstream and upstream temperatures of the
fluid are the same at the differential pressure
tappings.

However, if the fluid is a gas, its upstream
temperature may be calculated from the
temperature measured downstream (at a distance
of 5D to 15D) of the primary device.

5.4.3 Any method of determining reliable values of
the density, static pressure, temperature and
viscosity of the fluid is acceptable if it does not
interfere with the distribution of the flow in any way
at the measuring cross-section.

5.4.4 The temperature of the primary device and
that of the fluid upstream of the primary device are
assumed to be the same (see 7.1.9).

6 General requirements for the
measurements

In order to comply with this part of ISO 5167 the
following requirements shall be met.

6.1 Primary device

6.1.1 The primary device shall be manufactured,
installed and used in accordance with this part of
ISO 5167.

When the manufacturing characteristics and
conditions of use of the primary devices are outside
the limits given in this part of ISO 5167, it is
necessary to calibrate the primary device separately
under the actual conditions of use.

6.1.2 The condition of the primary device shall be
checked after each measurement or after each series
of measurements, or at intervals close enough to
each other so that conformity with this part of

ISO 5167 is maintained.

It should be noted that even apparently neutral
fluids may form deposits or encrustations on
primary devices. Resulting changes in the discharge
coefficient which can occur over a period of time can
lead to values outside the uncertainties given in this
part of ISO 5167.

6.1.3 The primary device shall be manufactured
from material the coefficient of expansion of which
1s known, except if the user decides that the
variations in the dimensions due to the temperature
changes may be neglected.

6.2 Nature of the fluid

6.2.1 The fluid may be either compressible (gas) or
considered as being incompressible (liquid).

6.2.2 The fluid shall be such that it can be
considered as being physically and thermally
homogeneous and single-phase. Colloidal solutions
with a high degree of dispersion (such as milk), and
only those solutions, are considered to behave as a
single-phase fluid.

6.2.3 To carry out the measurement, it is necessary
to know the density and viscosity of the fluid at the
working conditions.

6.3 Flow conditions

6.3.1 The rate of flow shall be constant or, in
practice, shall vary only slightly and slowly with
time. This part of ISO 5167 does not provide for the
measurement of pulsating flow, which is the subject
of ISO/TR 33139.

6 ISO/TR 3313:1974, Measurement of pulsating fluid flow in a pipe by means of orifice plates, nozzles or Venturi tubes, in

particular in the case of sinusoidal or square wave intermittent periodic-type fluctuations.
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6.3.2 The uncertainties specified in this part of
ISO 5167 are valid only when there is no change of
phase through the primary device. Increasing the
bore or throat of the primary element will reduce the
differential pressure, which may prevent a change
of phase. To determine whether or not there is a
change of phase, the flow computation shall be
carried out on the assumption that the expansion is
1sothermal for liquids or isentropic for gases.

6.3.3 If the fluid is a gas, the pressure ratio as
defined in 3.1.4 shall be greater than or equal
to 0,75.

7 Installation requirements
7.1 General

7.1.1 The method of measurement applies only to
fluids flowing through a pipeline of circular
cross-section.

7.1.2 The pipe shall run full at the measuring
section.

7.1.3 The primary device shall be installed in the
pipeline at a position such that the flow conditions
immediately upstream approach those of a fully
developed profile and are free from swirl (see 7.4).
Such conditions can be expected to exist if the
installation conforms to requirements given in this
clause.

7.1.4 The primary device shall be fitted between two
sections of straight cylindrical pipe of constant
cross-sectional area, in which there is no obstruction
or branch connection (whether or not there is flow
into or out of such connections during,
measurement) other than those specified in this
part of ISO 5167.

The pipe 1s considered as straight when it appears
so by visual inspection. The required minimum
straight lengths of pipe, which conform to the
description above, vary according to the nature of
the fittings, the type of primary device and the
diameter ratio. They are specified in Table 1

and Table 2.

7.1.5 The pipe bore shall be circular over the entire
minimum length of straight pipe required. The
cross-section is taken to be circular if it appears so
by visual inspection. The circularity of the outside of
the pipe can be taken as a guide, except in the
immediate vicinity of the primary device where
special requirements shall apply, according to the
type of primary device used (see 7.5.1 and 7.6.1).

Seamed pipe may be used provided that the internal
weld bead is parallel to the pipe axis throughout the
length of the pipe and satisfies the special
requirements for the type of primary element. The
seam shall not be situated in any sector of + 30°
centred on any pressure tapping.

7.1.6 The internal diameter D of the measuring pipe
shall comply with the values given for each type of
primary device.

7.1.7 The inside surface of the measuring pipe shall
be clean and free from encrustations, pitting and
deposits, and shall conform with the roughness
criterion for at least a length of 10D upstream

and 4D downstream of the primary device.

7.1.8 The pipe may be provided with drain holes
and/or vent holes for the removal of solid deposits
and fluids other than the measured fluid. However,
there shall be no flow through the drain holes and
vent holes during the measurement of the flow.

The drain holes and vent holes shall not be located
near to the primary device, unless it is unavoidable
to do so. In such a case, the diameter of these holes
shall be smaller than 0,08D and their location shall
be such that the distance, measured on a straight
line from one of these holes to a pressure tapping of
the primary device placed on the same side of this
primary device, is always greater than 0,5D. The
axial planes of the pipe containing respectively the
centre-line of a pressure tapping and the centre-line
of a drain hole or vent hole shall be offset by at
least 30°.

7.1.9 The pipe and the pipe flanges shall be lagged.
It is, however, unnecessary to lag the pipe when the
temperature of the fluid, between the inlet of the
minimum straight length of the upstream pipe and
the outlet of the minimum straight length of the
downstream pipe, does not exceed any limiting
value for the accuracy of flow measurement
required.

7.2 Minimum upstream and downstream

straight lengths required for installation
between various fittings and the primary
device

7.2.1 The minimum straight lengths are given in
Table 1 and Table 2.

The minimum straight lengths specified in Table 2
for classical Venturi tubes are less than those
specified in Table 1 for orifice plates, nozzles and
Venturi nozzles for the following reasons:

a) they are derived from different experimental
results and different correlation approaches;

b) the convergent portion of the classical Venturi
tube is designed to obtain a more uniform velocity
profile at the throat of the device. Tests have
shown that with identical diameter ratios, the
minimum straight lengths upstream of the
classical Venturi tube may be less than those
required for orifice plates, nozzles and Venturi
nozzles.
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7.2.2 The straight lengths given in Table 1

and Table 2 are minimum values, and the use of
straight lengths longer than those indicated is
always recommended. For research work in
particular, straight lengths of at least twice the
upstream values given in Table 1 and Table 2 are
recommended for “zero additional uncertainty”7).

7.2.3 When the straight lengths are equal to or
longer than the values given in Table 1 and Table 2
for “zero additional uncertainty”7), there is no need
to add any additional deviation to the discharge
coefficient uncertainty to take account of the effect
of such installation conditions.

7.2.4 When the upstream or downstream straight
length is shorter than the “zero additional
uncertainty”7) values and equal to or greater than
the “0,5 % additional uncertainty”S) values, as given
in Table 1 and Table 2, an additional uncertainty
of 0,5 % shall be added arithmetically to the
uncertainty on the discharge coefficient.

7.2.5 If the straight lengths are shorter than

the “0,5 % additional uncertainty”S) values given in
Table 1 and Table 2, this part of ISO 5167 gives no
information by which to predict the value of any
additional uncertainty to be taken into account; this
1s also the case when the upstream and downstream
straight lengths are both shorter than the “zero
additional uncertainty”7) values.

7.2.6 The valves mentioned in Table 1 and Table 2
shall be fully open. It is recommended that control of
the flow-rate be effected by valves located
downstream of the primary device. Isolating valves
located upstream shall be fully open and shall be
preferably of the “gate” type.

7.2.7 After a single change of direction (bend or tee),
itis recommended that if pairs of single tappings are
used they be installed so that their axes are
perpendicular to the plane of the bend or tee.

7 Values without parentheses in Table 1 and Table 2.
8 Values in parentheses in Table 1 and Table 2.

7.2.8 The values given in Table 1 and Table 2 were
obtained experimentally with a very long straight
length upstream of the particular fitting in question
and so it could be assumed that the flow upstream of
the disturbance was virtually fully developed and
swirl-free. Since in practice such conditions are
difficult to achieve, the following information may
be used as a guide for normal installation practice.

a) If the primary device is installed in a pipe
leading from an upstream open space or large
vessel, either directly or through any fitting, the
total length of pipe between the open space and
the primary device shall never be less than 30D?.
If any fitting is installed, then the straight
lengths given in Table 1 or Table 2 shall also
apply between this fitting and the primary
device.

b) If several fittings other than 90° bends'? are
placed in series upstream from the primary
device, the following rule shall be

applied: between the fitting (1) closest to the
primary device and the primary device itself,
there shall be a minimum straight length such as
is indicated for the fitting (1) in question and for
the actual values of f in Table 1 or Table 2. But,
in addition, between this fitting (1) and the
preceding one (2) there shall be a straight length
equal to one-half of the value given in

Table 1 or Table 2 for fitting (2) for a primary
device of diameter ratio f = 0,7 whatever the
actual value of f may be. This requirement does
not apply when the fitting (2) 1s an abrupt
symmetrical reduction, the case of which is
covered by a) above.

If one of the minimum straight lengths so
adopted appears in parentheses, a 0,5 %
additional uncertainty shall be added
arithmetically to the discharge coefficient
uncertainty.

9 In the absence of experimental data, it seemed wise to adopt for classical Venturi tubes the conditions required for orifice

plates and nozzles.

10) T the case of several 90° bends, refer to Table 1 and Table 2 which can be applied whatever the length between two

consecutive bends.
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S Table 1 — Required straight lengths for orifice plates, nozzles and Venturi nozzles
% Values expressed as multiples of D
S o Downstream
8 £eo (outlet) side
© g '{-é Upstream (inlet) side of the primary device of the
8 = primary
=) device
Single 90° Two or Two or Reducer Expander Full b Abm:':p.t 1 Thermometer | Thermometer
bend or tee | more 90° more 90° 2D to D 0,5D to D Globe b ﬁ orte syrlhmetlf'lca pocket or pocket or well? Fittings
ﬁ (flow from | bends in bends in over a over a value fully al orfgzhe r}f uction well? or of diameter (columns 2
one branch | the same different length of | length of D open value lully d.avm% a diameter between 0,03D to 8)
only) plane planes 1,5D to 3D to 2D open lameter <0,03 D and 0,13D
ratio > 0,5
1 2 3 4 5 6 7 8 9 10 11 12
0,10 |10 (6) |14 (1) |34 amn | 5 16 () [18 () [12 ) 4 2
020 |10 (6 |14 (|34 an| 5 16  @® 18 9|12 ®) 4 (2
025 |10 (©) |14 (|34 an| 5 16 ©® 18 (9 |12  (®) 4 Q)
0,30 |10 (®) |16 (8 |34 an| 5 16 @® 18 (9 |12 ®) 5 (2,5)
035 |12 (®) |16 (8 |36 @18) | 5 16 ©® 18 (9 |12  ®) 5 (2,5)
0,40 |14 (|18 () |36 @8 | 5 16 (8 |20 @0) |12 () 6 (3
045 |14 (7|18 (9 |38 @9 | 5 17 ) |20 @10) |12 () 6 (3
050 |14 (|20 @o)la0 @o| 6 G lis @22 anliz @] [0 @] (5 G 20 A0 g (g
055 |16  (8) |22 (11) |44 (22| 8 (B5) |20 @10) |24 (@12 |14 (7 6 (3
060 |18 (9|26 (13) |48 (24| 9 ()22 @1 |20 (@13 |14 (7 7 (3,5)
0,65 |22 (11)(32 (@16) |54 (@7 |11  (6) |25 (13) |28 (14) |16  (8) 7 (3,5)
0,70 |28 (14) |36 (18) |62 (31) |14 (7) |30 (15) |32 (@16) |20 (10 7 (3,5)
0,75 |36 (18) |42 (21) |70 (35) |22 (11) |38 (19) |36 (18) |24 (12 8 (4
0,80 |46 (23) |50 (25) |80 (40) |30 (15) |54 (27) |44 (22) |30 (15) 8 (4
NOTE 1 The minimum straight lengths required are the lengths between various fittings located upstream or downstream of the primary device and the primary device itself. All
straight lengths shall be measured from the upstream face of the primary device.
NOTE 2 Values without parentheses are “zero additional uncertainty” values (see 7.2.3).
NOTE 3 Values in parentheses are “0,5 % additional uncertainty” values (see 7.2.4).
| INOTE 4 For each type of primary device, not all values of §f are permissible.
2 The installation of thermometer pockets or wells will not alter the required minimum upstream straight lengths for the other fittings.
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Table 2 — Required straight lengths for classical Venturi tubes

Values expressed as multiples of D

Diameter ratio Single 90° Two or more | Two or more | Reducer 3D to | Expander 0,75D | Full bore ball

bend? 90° bends in 90° bends in | D over a length to D over a or gate valve
15 the same different of 3,5D length of D fully open

plane? planes?®

0,30 0,5 1,5 (0,5 | (0,5 0,5 1,5 (05 |1,5 (0,5
0,35 0,5 1,5 (0,5 | (0,5) 1,5 (05 |15 (0,5 [25 (0,5)
0,40 0,5¢ 1,5 (0,5 | (0,5 25 (05 |15 (05 |25 (1,5
0,45 1,0 (0,5 |15 (0,5 | (0,5 45 (0,5) |25 (1) 3,56 (1,5)
0,50 L5 (05 |25 (15 | (85 55 (0,5 |25 (15 |35 (1,5)
0,55 25 (0,5 (25 (1,5 [(12,5) 65 (0,5 |35 (15 |45 (2,5)
0,60 3,0 (1,00 |35 2,5 |(17,5) 8,5 0,5) (3,5 1,5) (4,5 (2,5
0,65 4,0 (1,5 |45 (2,5 [(235) 95 (1,5) |45  (25) |45 (2,5
0,70 40 (200 |45 25 [@75) 105 (2,5) |55 (3,5) |55 (3,5)
0,75 45 (3,00 |45 (3,5 |(29,5) 11,5 (3,5) |65  (4,5) |55 (3,5)

commercially available pipe (approximately /D < 1079).

uncertainty” values are the only ones applicable in this case.

NOTE1 The minimum straight lengths required are the lengths between various fittings located upstream of the classical Venturi
tube and the classical Venturi tube itself. All straight lengths shall be measured from the upstream pressure tapping plane of the
classical Venturi tube. The pipe roughness, at least over the length indicated in this table, shall not exceed that of a smooth,

NOTE 2 Values without parentheses are “zero additional uncertainty” values (see 7.2.3).

NOTE 3 Values in parentheses are “0,5 % additional uncertainty” values (see 7.2.4).

NOTE 4 For downstream straight lengths, fittings or other disturbances (as indicated in this table) situated at least four throat
diameters downstream of the throat pressure tapping plane do not affect the accuracy of the measurement.

2 The radius of curvature of the bend shall be greater than or equal to the pipe diameter.
b As the effect of these fittings may still be present after 40D, no values without parentheses can be given.

¢ Since no fitting can be placed closer than 0,5D to the upstream pressure tapping in the Venturi tube, the “zero additional

7.3 Flow conditioners

The use of flow conditioners of the types described
in 7.3.2 and shown in Figure 1 to Figure 3 is
recommended to permit the installation of primary
devices downstream of fittings not included in
Table 1 or Table 2. When a large diameter ratio
primary device is to be used, the inclusion of such
devices sometimes permits the use of shorter
installation lengths upstream of the primary device
than are given in Table 1.

When installed as described in 7.3.1, the use of a

flow conditioner does not introduce any additional
uncertainty in the discharge coefficient.

7.3.1 Installation

Any flow conditioner used shall be installed in the
upstream straight length between the primary
device and the disturbance or fitting closest to the
primary device. Unless it can be verified that the
flow conditions at the inlet of the primary device
conform with the requirements of 7.1.3, the straight
length between this fitting and the conditioner itself
shall be equal to at least 20D, and the straight
length between the conditioner and the primary
device shall be equal to at least 22D. These lengths
are measured from the upstream face and the
downstream face respectively of the conditioner.
Conditioners are only fully effective if their
installation is such that the smallest possible gaps
are left around the resistive elements of the device,
therefore permitting no by-pass flows which would
prevent their proper functioning.

When correctly built conditioners are used with the
pipe length combinations described above, they can
be used in conjunction with any entrance velocity
profile.
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7.3.2 Types of flow conditioners

The five standardized types of flow conditioners are
shown in Figure 1 to Figure 3. The choice of a
conditioner is dependent on the nature of the
velocity distribution which has to be corrected and
on the pressure loss which can be tolerated. The
devices described below create a pressure loss of
approximately

for type A: 50 U?/Q
for type B with inlet bevel: 1101 /%2
for type B without inlet bevel: 140, U? /9
for type C: 50, U?/Q
for type D: 0,250, U?/Q
for type E:

0,25@1 U?/Z

For types A, B and C, the pressure loss may vary as
a function of the ratio of the area of the holes to the
total area.

7.3.2.1 Type A: “Zanker” conditioner

Tile “Zanker” conditioner consists of a perforated

plate with holes of certain specified sizes followed by
a number of channels (one for each hole) formed by
the intersection of a number of plates (see Figure 1).

The various plates shall be as thin as possible but
shall provide adequate strength.

7.3.2.2 Type B: “Sprenkle” conditioner

The “Sprenkle” conditioner consists of three
perforated plates in series with a length equal to one
pipe diameter between successive plates. The
perforations shall preferably be chamfered on the
upstream side, and the total area of the holes in
each plate shall be greater than 40 % of the
cross-sectional area of the pipe. The ratio of plate
thickness to hole diameter shall be at least 1 and
the diameter of the holes shall be less than or equal
to 0,05D. (See Figure 2.)

The three plates shall be held together by bars or
studs, which shall be located around the periphery
of the pipe bore, and which shall be of as small a
diameter as possible but shall provide the required
strength.

\«"

Figure 1 — Type A “Zanker” conditioner
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7.3.2.3 Type C: Tube bundle conditioner

The tube bundle conditioner consists of a bundle of
parallel and tangential tubes fixed together and
held rigidly in the pipe (see Figure 2). It is important
to ensure that the various tubes are parallel with
each other and with the pipe axis since, if this
requirement is not complied with, the conditioner
itself might introduce disturbances in the flow.

There shall be at least 19 tubes. Their length shall
be greater than or equal to 10d. The tubes shall be
joined together and the bundle shall rest against the

pipe.

7.3.2.4 Type D: AMCA straightener

The AMCA straightener consists of a honeycomb
with square meshes the dimensions of which are
shown on Figure 3. The vanes shall be as thin as
possible but shall provide adequate strength.

7.3.2.5 Type E: “Etolle” straightener

The “étoile” straightener consists of eight radial
vanes at equal angular spacing with a length equal
to twice the diameter of the pipe (see Figure 3). The
vanes shall be as thin as possible but shall provide
adequate strength.

D D
] e e»d
Hr—FF—3=—F
—H =3+
N
¥ D
- - —H-— Q
)
H—-H—- 41— h—H
- —-H—-=t
B Perforated plates

—e
Flow direction

d< 020

NOTE In order to decrease the pressure loss the entrance of the holes may be bevelled at 45°.
Type B: “Sprenkle” conditioner

Type C: Tube bundle conditioner
Figure 2 — Type B and type C conditioners
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Type D: AMCA straightener
20
Type E: Etolle straightener
Figure 3 — Type D and type E straighteners

7.4 General requirements for flow conditions
at the primary device

If the specified installation conditions given in
Table 1 and Table 2 or in 7.3 cannot be met this part
of ISO 5167 still remains valid if the flow conditions
immediately upstream of the primary device
conform to 7.1.3.

Swirl-free conditions can be taken to exist when the
swirl angle over the pipe is less than 2°.

Acceptable velocity profile conditions can be
presumed to exist when, at each point across the
pipe cross-section, the ratio of the local axial velocity
to the maximum axial velocity at the cross-section
agrees to within 5 % with that which would be
achieved in swirl-free flow at the same radial
position at a cross-section located at the end of a
very long straight length (over 100D) of similar pipe
(fully developed flow).

7.5 Additional specific installation
requirements for orifice plates, nozzles and
Venturi nozzles

7.5.1 Circularity of the pipe

In the immediate vicinity of the primary device the
following requirements shall apply.

7.5.1.1 The length of the upstream pipe section
adjacent to the primary device (or to the carrier ring
if there is one) shall be at least 2D and cylindrical.
The pipe is said to be cylindrical when no diameter
in any plane differs by more than 0,3 % from the
mean value of D obtained from the measurements
specified in 7.5.1.2.
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