INTERNATIONAL

ISO

STANDARD 5167-1

S

econd edition
2003-03-01

Measurement of fluid flow- by means of

pressure differential devices insert

ed in

circular cross-section.conduits running

full —

Part 1:
General principles and requiremen

Mesure de débit\des fluides au moyen d'appareils déprimog

enes

insérés dans des conduites en charge de section circulaire —

Partie 1: RPrincipes généraux et exigences générales

Refe

rence number

= = ISO 5167-1:2003(E)

©1S0 2003


https://standardsiso.com/api/?name=fd392dab3989c7b075940289dd561c93

ISO 5167-1:2003(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

© 1S0 2003

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. +412274901 11

Fax +41 22749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

i © 1SO 2003 — All rights reserved


https://standardsiso.com/api/?name=fd392dab3989c7b075940289dd561c93

ISO 5167-1:2003(E)

Contents Page
e Y =31 0T (o [ iv
80 X 11 o3 4 o Y o v
1 £ ) o - PP 1
2 NOIrMAtiVe refEr@NCES ......c.uiiiiiiieei i e rs s s r e s s s s s s s s e e rasnnsssssssereesnnnnssstnsted{eeennnnnnnnnnnens 1
3 Terms and definitioNs.........cieeeeiiiiiiiiiie s e sss s e e s s ssnnnsssnsf o boFobannns forsreeresnnnnnnes 1
4 Symbols and SUDSCHIPES......cccciiiiiiccccecrrirn e sssee e e s s s mme s e e ake e g S nmnnnennns fassennnenessnnann 6
4.1 SYMDOIS ... s nnr e s nmnn e e e e e s snn s s nmne degRr s e s nmnnesnnne | enmnnneeneenanans 6
4.2 SUDSCIIPES ...cooiiicccecrir e rser e sssnr e e s e s nmn e e e e e essnnsnafane Sheeeesanssnnmenessnn|esnnnneenenianns 7
5 Principle of the method of measurement and computation...........0ccoonccc e, 7
5.1 Principle of the method of measurement ... 0 e e 7
5.2 Method of determination of the diameter ratio of the selected‘standard primary devite............. 8
5.3 Computation of FIOWrate.......... e s s e s e e e s e e e e e e e e e e e s fres s 8
54 Determination of density, pressure and temperature ...« ) e e 8
6 General requirements for the measurements .........0 e e 10
6.1 Primary devicCe........cccccciciirininrsssssssssss 0o s s s ssssssssssssssssssssssssssssnnnn nsssnnnsnnnnnnn 10
6.2 Nature of the flUid ..........ceeeeeiiiiiiiiiiir e efirersnnna s sr s e s e s s s s s e s s e e s s s s asa s reressmnnsssssenss|eennnnnnsnnnens 1
6.3 [ L3,V o'oY ¢ U 11 4 [ Y K- N RSO 11
7 Installation reqUIremMeNts ...t n s s s s sn s s s s sssnsssssssssssssnssssssssssssns] srnsnnnnnnnnnnn 11
71 (€T =Y 1= - | O IS 1
7.2 Minimum upstream and downstream(straight lengths ... e, 13
7.3 General requirement for flow conditions at the primary device .........cccccrvriiiininiciccc o, 13
7.4 Flow conditioners (see alsO ANNEX C)..uvviicirrriiiimnrinnnmssinsse s ssssss s s s sssssssssssss e rmsesssssnne s 13
8 Uncertainties on the measurement of flowrate.........cccccccceiiiiirieccccirreer e e 16
8.1 Definition of uncertainty. i oo e e 16
8.2 Practical computation(of the uncertainty ...........cooooooiioi e e 17
Annex A (informative) Iterative computations ... e, 19
Anngex B (informative) Examples of values of the pipe wall uniform equivalent roughness, «|............... 21
Annex C (informative) Flow conditioners and flow straighteners...........ccocciiiiicniincicccciceen e, 22
=1 01 (oo T 0] 432700 (S 33

© IS0 2003 — All rights reserved iii


https://standardsiso.com/api/?name=fd392dab3989c7b075940289dd561c93

ISO 5167-1

:2003(E)

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

the

non-governn
Internationa

Internationa
The main tg
adopted by

Internationa

Attention is
rights. ISO s

ISO 5167-1
Subcommitt

This second

TITO—toHte OO oOTrTteoY

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

sk of technical committees is to prepare International Standards. Draft International Stang

the technical committees are circulated to the member bodies for voting.\Publication a
Standard requires approval by at least 75 % of the member bodies casting a-vote.

drawn to the possibility that some of the elements of this document¢may be the subject of p
hall not be held responsible for identifying any or all such patent rights.

was prepared by Technical Committee ISO/TC 30, Measurenient of fluid flow in closed con
be SC 2, Pressure differential devices.

edition of ISO 5167-1, together with the first editions of,ISO 5167-2, ISO 5167-3 and ISO 51

cancels angl replaces the first edition (ISO 5167-1:1991)xwhich has been technically revised,

ISO 5167-1:

1991/Amd.1:1998.

ISO 5167 consists of the following parts, under the general title Measurement of fluid flow by mea

pressure diff
Part 1:
Part 2:
Part 3:

Part 4:

lerential devices inserted in circular cross-section conduits running full;
Seneral principles and requirements
Drifice plates

Nozzles and Venturi nozzles

enturi tubes

ards
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Atent
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57-4,
and
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Introduction

ISO 5167, consisting of four parts, covers 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 flowrate of the fluid flowing in the conduit. It also gives necessary information for calculating the

flowr:

ate and its associated uncertainty.

ISO
mea
mea

pipe
ISO

b167 is applicable only to pressure differential devices in which the flow remains subsonjc th
suring section and where the fluid can be considered as single-phase, but is notCappli
surement of pulsating flow. Furthermore, each of these devices can only be used withifvspec
size and Reynolds number.

6167 deals with devices for which direct calibration experiments have been ‘made, sufficien

roughout the
cable to the
fied limits of

t in number,

spread and quality to enable coherent systems of application to be based on-their results and cpefficients to

be glven with certain predictable limits of uncertainty.

The devices introduced into the pipe are called “primary devices”. The derm primary device also|includes the

presgure tappings. All other instruments or devices required for the\measurement are known asg “secondary

deviges”. ISO 5167 covers primary devices; secondary devices) willbe mentioned only occasionlly.

ISO p167 consists of the following four parts.

a) [This part of ISO 5167 gives general terms and definitions, symbols, principles and requirements as well
Bs methods of measurement and uncertainty that are to be used in conjunction with Pafts 2 to 4 of
SO 5167.

b) Part 2 of ISO 5167 specifies orifice platesywhich can be used with corner pressure tappings, D and D/2
bressure tappings?), and flange pressure tappings.

c) Part 3 of ISO 5167 specifies ISA-1932 nozzles?), long radius nozzles and Venturi nozzles, which differ in
shape and in the position of the\pressure tappings.

d) Part 4 of ISO 5167 specifies classical Venturi tubes?).

Aspécts of safety are net-dealt with in Parts 1 to 4 of ISO 5167. It is the responsibility of the user to ensure

that the system mesets applicable safety regulations.

1)

and secondary elements.

2)
3)

COrifice plates with vena contracta pressure tappings are not considered in ISO 5167.

succeeded by ISO in 1946.

4)

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

© 1SO 2003 — Al rights reserved
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Measurement of fluid flow by means of
pressure differential devices inserted in
circular cross-section conduits running full —

Part 1:

General principles and requirements

1

This
mea
devi
runn

Scope

part of ISO 5167 defines terms and symbols and establishes the\general principles for
surement and computation of the flowrate of fluid flowing in a conduit by means of pressun
es (orifice plates, nozzles and Venturi tubes) when they are insérted into a circular cross-se
ng full. This part of ISO 5167 also specifies the general requirements for methods of m

installation and determination of the uncertainty of the measurement of flowrate. It also defines

sped

ISO

ified limits of pipe size and Reynolds number for which thesé pressure differential devices arg

6167 (all parts) is applicable only to flow that remadins subsonic throughout the measuring

whetle the fluid can be considered as single-phase. It is, not applicable to the measurement of puls|

2

The
refer]
docu

ISO

ISO
cros

ISO
cros

ISO

Normative references

following referenced documents(are indispensable for the application of this documen
ences, only the edition cited applies. For undated references, the latest edition of the
ment (including any amendments) applies.

1006:1991, Measurement.of fluid flow in closed conduits — Vocabulary and symbols

b167-2:2003, Measurement of fluid flow by means of pressure differential devices inserte
5-section conduits running full — Part 2: Orifice plates

b167-3:2003;~Measurement of fluid flow by means of pressure differential devices inserte
5-section.eonduits running full — Part 3: Nozzles and Venturi nozzles

6167-4:2003, Measurement of fluid flow by means of pressure differential devices inserte

methods of
e differential
ction conduit
easurement,
the general
to be used.

section and
ating flow.

. For dated

referenced

d in circular

d in circular

d in circular

Cros

5-Section conduits running full — Part 4: Venturi tubes

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 4006 and the following apply.

NOTE

useful to emphasize the meaning.

© 1SO 2003 — Al rights reserved
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wall pressu
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Pressure measurement

re tapping

annular slot 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

NOTE

3.1.2

Th

e pressure tapping is usually a circular hole but in certain cases may be an annular slot.

static pressure of a fluid flowing through a pipeline

p
pressure wh

NOTE O
3.1.3
differential
Ap
difference b
upstream si
Venturi nozz
height betwe

NOTE In
specified for {

3.1.4
pressure ra
T

ratio of the 3
the upstrean

3.2
3.21

orifice
throat

ch can be measured by connecting a pressure-measuring device to a wall pressure tapping

nly the value of the absolute static pressure is considered in ISO 5167 (all parts).

pressure

jle and the other of which is on the downstream side of a primarydevice (or in the throat
le or a Venturi tube), inserted in a straight pipe through which flow @ecurs, when any differen
en the upstream and downstream tappings has been taken inte.account

ISO 5167 (all parts) the term “differential pressure” is used only.if the pressure tappings are in the pos
ach standard primary device.

tio
bsolute (static) pressure at the downstream pressure tapping to the absolute (static) pressu

\ pressure tapping

Primdry devices

opening of minimum cross-sectional area of a primary device

NOTE S

3.2.2

orifice platq

thin plate in

NOTE S

andard primary device orifices are circular and coaxial with the pipeline.

which.a'circular opening has been machined

btween the (static) pressures measured at the wall pressure tappings;one of which is on the

for a
ce in

itions

re at

ardard orifice plates are described as “thin plate” and “with sharp square edge”, because the thickng

ss of

the plate is small compared with the diameter of the measuring section and because the upstream edge of the orif
sharp and square.

3.2.3
nozzle

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

3.24
Venturi noz

zle

ice is

device which consists of a convergent inlet which is a standardized ISA 1932 nozzle connected to a cylindrical
part called the “throat” and an expanding section called the “divergent” which is conical

© ISO 2003 — Al rights reserved
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3.25

Venturi tube

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

3.2.6

diameter ratio

B

(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

NOT P Ty P fameten as that of the
pipe [as in the case of the classical Venturi tube), the diameter ratio is the ratio of the throat diameter and_the diameter of
this gylindrical section at the plane of the upstream pressure tappings.

3.3 | Flow

3.3.
flowfate
rate |of flow

mass$ or volume of fluid passing through the orifice (or throat) per unit time

masp flowrate
rate jof mass flow

mass$ of fluid passing through the orifice (or throat) per unit'time

3.3.1.2
volume flowrate
rate [of volume flow

qy
volume of fluid passing through the orifice\(or throat) per unit time

NOTE In the case of volume flowrate, it is necessary to state the pressure and temperature at which [the volume is
refer¢nced.

3.3.2
Reynolds number

Re

dimgnsionless parameter expressing the ratio between the inertia and viscous forces

3.3.31

pipe| Reynolds number
ReD

dimgnsionless parameter expressing the ratio between the inertia and viscous forces in the upstream pipe

V4D B 4qm
V1 T[I,u»]D

ReD =

© 1SO 2003 — Al rights reserved 3
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orifice or throat Reynolds number

Red

dimensionless parameter expressing the ratio between the inertia and viscous forces in the orifice or throat of
the primary device

Red =

3.33

ReD

isentropic exponent

K
ratio of the
reversible ag

NOTE 1 T
with the natur|

NOTE2 T
wide range of
heat capacity
the isentropic

3.34
Joule Thom
isenthalpic t

HyT
rate of chan

he isentropic exponent x appears in the different formulae for the expansibility [expansion}factor ¢ and
b of the gas and with its temperature and pressure.

here are many gases and vapours for which no values for x have been published. so-far, particularly g

pmperature-pressure coefficient

je of temperature with respect to pressure at constant€nthalpy:

elative variation in pressure to the corresponding relative variation in density under eleme
iabatic (isentropic) transformation conditions

pressure and temperature. In such a case, for the purposes of ISO 5167 (all parts), the ratio of the sy
at constant pressure to the specific heat capacity at constant volume of ideahgases can be used in pld
exponent.

son coefficient

ntary

aries

ver a
ecific
ce of

4T
HIT =1
| 1
or
p R,T? oz
JI - F 5
pCmyp 0T,
where
T if the absolute temperature;
p if the static pressure of a fluid flowing through a pipeline;
H if the enthalpy;
R, i the universal gas constant;
Cnp i the'molar-heat capacity at constant pressure;
VA is the compressibility factor
NOTE The Joule Thomson coefficient varies with the nature of the gas and with its temperature and pressure and

can be calculated.

© ISO 2003 — Al rights reserved
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3.3.5

discharge coefficient

C

coefficient, defined for an incompressible fluid flow, which relates the actual flowrate to the theoretical flowrate
through a device, and is given by the formula for incompressible fluids

4
C= dm 1_13
T .2
Zd V2Ap P
NOT - AI CG:;blat;Ull Uf Otalldald PI;IIIGIy dUV;UUD by meanto Uf ;II\JUIIIPIUDO;b:U f:uldD (:;qu;dc) OhUVVO that the diSCharge

coefflcient is dependent only on the Reynolds number for a given primary device in a given installation.

The pumerical value of C is the same for different installations whenever such installations are geomeétrically similar and
the flbws are characterized by identical Reynolds numbers.

The gquations for the numerical values of C given in ISO 5167 (all parts) are based on dataldetermined expefimentally.

The yncertainty in the value of C can be reduced by flow calibration in a suitable laboratory.

NOTE 2  The quantity 1/\/1 - ,84 is called the “velocity of approach factor”, afnd the product

]
J1-8*

is called the “flow coefficient”.

C

3.3.6
expdnsibility [expansion] factor
&
coefficient used to take into account the compressibility of the fluid

_ qm\/1_ﬂ4

%dZC 2891

NOT

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

qm 17:84

T
ZdZ\/ZApm

is dependent on the value of the Reynolds number as well as on the values of the pressure ratio and [the isentropic
expobent 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 &.

The expansibility factor, &, is equal to unity when the fluid is considered incompressible (liquid) and is less than unity when
the fluid is compressible (gaseous).

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 pressure ratio and the isentropic exponent.

© 1SO 2003 — Al rights reserved 5


https://standardsiso.com/api/?name=fd392dab3989c7b075940289dd561c93

ISO 5167-1:2003(E)

The numerical values of ¢ for orifice plates given in ISO 5167-2 are based on data determined experimentally. For nozzles
(see ISO 5167-3) and Venturi tubes (see ISO 5167-4) they are based on the thermodynamic general equation applied to
isentropic expansion.

3.3.7

arithmetical mean deviation of the roughness profile

Ra

arithmetical mean deviation from the mean line of the profile being measured

NOTE 1 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 Ra can be measured with standard equipment for machined surfaces but can only be

estimated for rougher surfaces of pipes. See also ISO 4288
NOTE 2 For pipes, the uniform equivalent roughness & may also be used. This value can be determined experimgntally
(see 7.1.5) or|taken from tables (see Annex B).
4 Symbols and subscripts
4.1 Symbhols
Table 1 — Symbols
Symbol Quantity Dimension? Sl unit
c Coefficient of discharge dimensionless —
Crnyp Molar-heat capacity at constant pressure ML2T-20'mol" J/(mol-K)
d Diamgter of orifice (or throat) of primary device underworking L m
conditions
D Upstr'eam intern.al pipe diameter (gr upstregm diameter of a L m
classical Venturi tube) under working conditions
H Enthalpy ML2T2mol~! J/mo
k Uniform equivalent roughness L m
K Zressu_re loss coeffici%nt (the tatio of the pressure loss to the dimensionless .
ynamic pressure, pV?/2)
l Pressure tapping spacing L m
L Relative pressure.tapping spacing: L = I/D dimensionless —
p Absolute statié pressure of the fluid ML-1T-2 Pa
4, Mass flowrate MT-" kgls
qy Volune-flowrate L3T! md/s
R Radius L m
Ra Arithmetical mean deviation of the (roughness) profile L m
R, Universal gas constant ML2T-2@~'mol-" J/(mol-K)
Re Reynolds number dimensionless —
Rep Reynolds number referred to D dimensionless —
Rey Reynolds number referred to d dimensionless —
t Temperature of the fluid (€] °C
T Absolute (thermodynamic) temperature of the fluid (C] K
U’ Relative uncertainty dimensionless —

© ISO 2003 — Al rights reserved
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Symbol Quantity Dimension? Sl unit
14 Mean axial velocity of the fluid in the pipe LT m/s
VA Compressibility factor dimensionless —
yij Diameter ratio: f=d/D dimensionless —
1% Ratio of specific heat capacities? dimensionless —
S5 Absolute uncertainty e ¢

Ap Bifferertialpressure M—LF2 Pa
\D Pressure loss across a flow conditioner ML-1T-2 Pa
A\ @ Pressure loss across a primary device ML-1T-2 Pa
& Expansibility [expansion] factor dimensiofiless —
K Isentropic exponent? dimensionless —
A Friction factor dimensionless —
u Dynamic viscosity of the fluid ML1T-! Pa-s
b1t Joule Thomson coefficient M-LT?© K/Pa
v Kinematic viscosity of the fluid: v = u/p L2T-! m?/s
£ (Fj{itfafI:rtie:etiglr%sr::;irlg)ss (the ratio of the pressure loss to the dimensionless .
P Density of the fluid ML-3 kg/m3
T Pressure ratio: 7= p,/p, dimensionless —
@ Total angle of the divergent section dimensionless rad

a

M = mass, L =length, T = time, ® = temperature

b is the ratio of the specific heat capacity at'caonstant pressure to the specific heat capacity at constant volume. For ifleal gases, the
ratio |of the specific heat capacities and the isentrepic exponent have the same value (see 3.3.3). These values depend dn the nature of
the gps.

Cc

The dimensions and units are those of the corresponding quantity.

4.2 | Subscripts

Subscript Meaning
1 At upstream tapping plane
2 At downstream tapping plane

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 flowrate can be determined from the measured value of this pressure difference and
from the knowledge of the characteristics of the flowing fluid as well as the circumstances under which the
device is being used. It is assumed that the device is geometrically similar to one on which calibration has
been carried out and that the conditions of use are the same (see ISO 5167-2, ISO 5167-3 or ISO 5167-4).

© 1SO 2003 — Al rights reserved 7
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The mass flowrate can be determined, since it is related to the differential pressure within the uncertainty

limits stated

in ISO 5167, using Equation (1):

eZd?. 20pp;

C

Similarly, the value of the volume flowrate can be calculated using Equation (2):

dm

qy =

yo)

(1)

where pis th

5.2 Meth

In practice,
gused in Eq

the type

The related

Cgﬁz

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

bd of determination of the diameter ratio of the selected standard primary devig

uation (1) are, in general, not known. Hence the following shall be selected\a priori:

of primary device to be used; and

a flowrate and the corresponding value of the differential pressure.

alues of g,, and Ap are then inserted in Equation (1), rewritten in the form

4‘1m

oal

in which the

nD2112App1

diameter ratio of the selected primary device can be determined by iteration (see Annex A).

5.3 Computation of flowrate

Computatior
on the right-

Except for t
cases the fi
regarding th

The diamets
Measureme
the primary
measureme

of the flowrate, which is a-purely arithmetic process, is effected by replacing the different t
nand side of Equation (1)/by-their numerical values.

ne case of Venturi tubes, C may be dependent on Re, which is itself dependent on ¢,,. In
hal value of C, and-hence of ¢, has to be obtained by iteration. See Annex A for guid
b choice of the iferation procedure and initial estimates.

rs d and B\mentioned in the equations are the values of the diameters at the working condi
nts takenrat any other conditions should be corrected for any possible expansion or contracti
device~and the pipe due to the values of the temperature and pressure of the fluid durin
Nt

vhen determining the diameter ratio of a primary element to be installed in a’given pipeline, ¢

e

and

2rms

such
ance

jons.
bn of
j the

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.

5.4 Determination of density, pressure and temperature

5.4.1

General

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

© ISO 2003 — Al rights reserved
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5.4.2 Density

It is necessary to know the density of the fluid at the upstream pressure tapping; it can either be measured
directly or be calculated from an appropriate equation of state from a knowledge of the absolute static
pressure, absolute temperature and composition of the fluid at that location.

5.4.3 Static pressure

The static pressure of the fluid shall be measured by means of an individual pipe-wall pressure tapping, or
several such tappings interconnected, or by means of carrier ring tappings if carrier ring tappings are
permitted for the measurement of differential pressure in that tapping plane for the particular primary device.

(See
appr

Whe

throg
show

The
pres

Itis

a stdtic pressure measuring device, provided that it is verified that this*double connection does ng

disto

5.2 in ISO 5167-2:2003, 5.1.5, 5.2.5 or 5.3.3 in ISO 5167-3:2003 or 5.4 in ISO 516]
ppriate).

Fe four pressure tappings are connected together to give the pressure upstream, downstre
t of the primary device, it is best that they should be connected together in a “triple-T” arrg
n in Figure 1. The “triple-T” arrangement is often used for measurement with \/enturi tubes.

static pressure tapping should be separate from the tappings provided )for measuring th
sure.

permissible to link simultaneously one pressure tapping with a differential pressure measurin

rtion of the differential pressure measurement.

Ap Ap

Al

-4:2003, as

am or in the
ingement as

b differential

y device and
t lead to any

A —> 450 Ry

a8  Flow

b Section A-A (upstream) also typical for section B-B (downstream)

Figure 1 — “Triple-T” arrangement
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5.4.4 Temperature

5.4.41 The temperature of the fluid shall preferably be measured downstream of the primary device.
Temperature measurement requires particular care. 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 (in the case of a Venturi tube this distance is
measured from the throat pressure tapping plane and the pocket shall also be at least 2D downstream from
the downstream end of the diffuser section), and in accordance with the values given in ISO 5167-2,
ISO 5167-3 or ISO 5167-4, depending on the primary device, 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 te i i i i . il is a
non-ideal ggs and the highest accuracy is required and there is a large pressure loss between the upstfeam
pressure tapping and the temperature location downstream of the primary device, then it is necessary to
calculate thg upstream temperature from the downstream temperature (measured at a distance ofi5D to| 15D
from the pr
calculation t

ISO 5167-3:
temperature
using the Jo

AT = pij;

NOTE 1 E
required to ch

NOTE2 A
temperature t
the vena cont

NOTE3 M
additional ung

PO03 or 5.9 of ISO 5167-4:2003, depending on the primary device. Then ‘the correspo
drop from the upstream tapping to the downstream temperature location;, AT, can be evalu
Lle Thomson coefficient, x;1, which is described in 3.3.4:

A @

xperimental work('l has shown that this is an appropriate methed for orifice plates. Further work wol
eck its correctness for other primary devices.

though an isenthalpic expansion is assumed between thé\upstream pressure tapping and the downs
Bpping, this is not inconsistent with there being an isentropic expansion between the upstream tappin
Facta or throat.

easurement of temperature at a gas velocity(in the pipe higher than approximately 50 m/s can le|
ertainty associated with the temperature recovery factor.

Id be

ream
j and

ad to

5442 The temperature of the primary device and that of the fluid upstream of the primary devic¢ are
assumed to pe the same (see 7.1.7).

6 Genenal requirements for the measurements

6.1 Primary device

6.1.1  The|primary device shall be manufactured, installed and used in accordance with the applicablg part
of ISO 5167

When the mpnufacturing characteristics or conditions of use of the primary devices are outside the limits given
in the appligable part of ISO 5167, it may be necessary to calibrate the primary device separately undgr 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 the applicable 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 the applicable part of ISO 5167.

6.1.3 The primary device shall be manufactured from material whose coefficient of thermal expansion is
known.
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6.2 Nature of the fluid
6.2.1 The fluid may be either compressible or considered as being incompressible.
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.

6.3 Flow conditions

6.3. ISO 5167 (all parts) does not provide for the measurement of pulsating flow. which is the subject of
ISO/[TR 3313. The flowrate shall be constant or, in practice, vary only slightly and slowly with time

The flow is considered as not being pulsatingl?l when

APms _ 40

Ap
whete
E is the time-mean value of the differential pressure;
Ap' is the fluctuating component of the differential pressure;

Apims 1S the root mean square value of Ap'.

Apihs €an only be measured accurately using a_fast-response differential pressure sensor; moreover, the
whole secondary system should conform to the design recommendations specified in ISO/TR 3313. It will not,
howgver, normally be necessary to check thatthis condition is satisfied.

6.3. The uncertainties specified in thetapplicable 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 prévent a change of phase. For liquids the pressure at the throat|shall not fall
below the vapour pressure of the“liquid (otherwise cavitation will result). For gases it is only mecessary to
calcylate the temperature at the)throat if the gas is in the vicinity of its dew-point; the temperature|at the throat
may [be calculated assuming an isentropic expansion from the upstream conditions (the upstream|temperature
may|need to be calculated in accordance with the equation in 5.4.4.1); the temperature and prgssure in the
throat should be suchdhat the fluid is in the single-phase region.

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 P,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 measurement section.

7.1.3 The primary device shall be fitted between two straight sections of cylindrical pipe of constant
diameter and of specified minimum lengths in which there is no obstruction or branch connection other than

those specified in Clause 6 of 1ISO 5167-2:2003, ISO 5167-3:2003, or 1SO 5167-4:2003, as appropriate, for
particular primary devices.
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The pipe is considered to be straight when the deviation from a straight line does not exceed 0,4 % over its
length. Normally visual inspection is sufficient. Installation of flanges in the straight sections of pipe upstream
and downstream of the primary device is allowed. The flanges shall be aligned in such a way that they do not
introduce deviation from a straight line of more than 0,4 %. The minimum straight lengths of pipe conforming
to the above requirement necessary for a particular installation, vary with the type and specification of the
primary device and the nature of the pipe fittings involved.

7.1.4 The pipe bore shall be circular over the entire minimum length of straight pipe required. The cross-
section may be 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 (2D) of the primary device where special
requirements shall apply according to the type of primary device used.

Seamed pipe may be used provided that the internal weld bead is parallel to the pipe axis throughout the
entire length| of the pipe required to satisfy the installation requirements for the primary device being.used| Any
weld bead shall not have a height greater than the permitted step in diameter. Unless an annular slot is dised,
the seam shgll not be situated within any sector of + 30° centred on any individual pressure tapping to be used
in conjunctign with the primary device. If an annular slot is used, the location of the seam fisynot significgnt. If
spirally woumd pipe is used, then it shall be machined to a smooth bore.

715 The
removed. Arn

interior of the pipe shall be clean at all times. Dirt which can readily detach from the pipe shall be
y metallic pipe defects such as metallic peeling shall be removed.

The accepta
value of the
5.1.6.1, 5.2
ISO 5167-4:

ble value of pipe roughness depends on the primary device. In\géach case there are limits o
arithmetical mean deviation of the roughness profile, Ra (s€¢ '5.3.1 of 1ISO 5167-2:2003, 5.1
2.6, 5.2.6.1, 53.1.9 and 5.3.4.1 of ISO 5167-3:2003. or 5.2.7 to 5.2.10 and 6.4.
P003). The internal surface roughness of the pipe should be measured at approximately the s

axial locations as those used to determine and verify the pipe intefnal diameter. A minimum of four rough

measureme
averaging-ty
measuring r
change with
cleaning the

hts shall be made to define the pipe internal surface roughness. In measuring Ra, an electn
pe surface roughness instrument which has alcut-off value of not less than 0,75 mm g
bnge sufficient to measure the values of Ra found in the pipe should be used. The roughness
time as stated in 6.1.2, and this should be taken into account in establishing the frequen
pipe or checking the value of Ra.

An approxi

ate value of Ra may be obtained by assuming that Ra is equal to k/n, where k is the un

equivalent rgughness as given on the Moody diagram (see reference [3] in the Bibliography). The value g

given directl

by a pressure loss test offa<sample length of pipe, using the Colebrook-White Equation

7.4.1.5) to dalculate the value of k frem/the measured value of friction factor. Approximate values of

different ma
gives values

7.1.6 The
and entraine
measureme

erials can also be obtained from the various tables given in reference literature, and Tabl
of k for a variety of materials.

pipe may be provided with drain holes and/or vent holes to permit the removal of solid dep
d fluids. However there shall be no flow through either drain holes or vent holes during the
Nt process-

Drain and v¢

this, the dia

distance, me

nt holes should not be located near to the primary device. Where it is not possible to confo

h the
2.9,
P of
ame
ness
onic-
nd a
can
cy of

form
f k is
(see
k for
e B.1

osits
flow

m to
mum

eter 'of these holes shall be less than 0,08D and they shall be located so that the mini

e on

the same side as the holes, is greater than 0,5D. The centreline of a pressure tapping and the centreline of a
drain or vent hole shall be offset from each other by at least 30° relative to the axis of the pipe.

7.1.7 Insulation of the meter may be required in the case of temperature differences between the ambient
temperature and the temperature of the flowing fluid which are significant given the uncertainty of
measurement required. This is particularly true in the case of fluids being metered near their critical point
where small temperature changes result in major density changes. It can be important at low flowrates, where
heat transfer effects may cause distorted temperature profiles, for example, stratification of temperature layers
from top to bottom. There may also be a change in the mean temperature value from the upstream to the
downstream side of the meter run.
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7.2 Minimum upstream and downstream straight lengths

7.21 The primary device shall be installed in the pipeline at a position such that the flow conditions
immediately upstream of the primary device approximate to those of swirl-free, fully developed pipe flow.
Conditions meeting this requirement are specified in 7.3.

7.2.2 The required minimum upstream and downstream straight lengths required for installation between
various fittings and the primary device depend on the primary device. For some commonly used fittings as
specified in Clause 6 of ISO 5167-2:2003, 1SO 5167-3:2003 or ISO 5167-4:2003 the minimum straight lengths
of pipe indicated may be used. However, a flow conditioner as described in 7.4 will permit the use of much
shorter upstream pipe lengths. Such a flow conditioner shall be installed upstream of the primary device

wherne-stffictent-straighttengthtoachieve-the-desiredevetof uncertaintyisnotavaitable——

7.3

7.3.1

If the

be met, the applicable part of ISO 5167 remains valid if the flow conditions at the primary de

General requirement for flow conditions at the primary device

Requirement

specified conditions given in Clause 6 of ISO 5167-2:2003, 1SO 5167-3:2003)or ISO 5167-4;

2003 cannot
vice can be

dempnstrated to conform to swirl-free fully developed flow (as defined in-7.3.2 and 7.3.3) over the entire
Reynolds number range of the flow measurement process.

7.3.4 Swirl-free conditions

Swirl-free conditions can be presumed to exist when the swithangle at all points over the pipe cross-section is
less than 2°.

7.3.3 Acceptable flow conditions

Accéptable velocity profile conditions can be_presumed to exist when, at each point across thg pipe cross-
sectipn, the ratio of the local axial velocity to_the maximum axial velocity at the cross-section agrees to within

5%
at th

7.4

7.4.1

7.4.1

with that which would be achieved in.Swirl-free flow at the same radial position at a cross-se
b end of a very long straight length.(over 100D) of similar pipe (fully developed flow).

Flow conditioners (segalso Annex C)

Compliance testing

A Provided-that a flow conditioner has passed the compliance test in 7.4.1.2 to

parti
valu

flow [conditioner)and the primary device and that between the upstream fitting and the flow cond

cular primary/device, the flow conditioner may be used with the same type of primary dev
of diametépratio up to 0,67 downstream of any upstream fitting. Provided that the distance

ction located

[.4.1.6 for a
ice with any
between the
tioner are in

accdrdance with 7.4.1.6 and the downstream straight length is in accordance with the requirements for the

particular.primary device (column 14 of Table 3 of ISO 5167-2:2003, column 12 of Table 3 of ISO
or thefext in Table 1 of ISO 5167-4:2003), it is not necessary to increase the uncertainty of th

6167-3:2003

e discharge

coefficient to take account of the installation.

7.41

2 Using a primary device of diameter ratio 0,67 the shift in discharge coefficient from t

hat obtained

in a long straight pipe shall be less than 0,23 % when the flow conditioner is installed in each of the following

situa
a)
b)

c)

tions:

in good flow conditions;

downstream of a 50 % closed gate valve (or a D-shaped orifice plate);

downstream of a device producing a high swirl (the device should produce a maximum swirl angle across

the pipe of at least 24° at a distance 18D downstream of it or at least 20° at a distance 30D downstream
of it). The swirl may be generated by a swirler or by other means. An example of a swirler is the
unpatented Chevron Swirler given as Figure 2.

© 1SO 2003 — Al rights reserved
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Upstream of the fittings in b) and c) there shall be a length of straight pipe which is sufficiently long that the
primary device is not affected by any fittings upstream of those defined in b) or c).

NOTE These tests are required to establish that a flow conditioner

— does not have an adverse effect in good flow conditions,

— is effective in a highly asymmetric flow, and

— is effective in a highly swirling flow such as has been found downstream of a header.

The use of thijstest-deesrotimply-thatflow-measdurement—sh otte-be-earred-out-downstreamof-athal~closed-gate
flow control should be performed downstream of the primary device. For information regarding the work on which thi
is based and the Chevron Swirler see References [4] and [5] in the Bibliography.

I

N

X
N [

I

: >
&
|

4

N

1%

R"
] Y22
J

2  Flow

Figure 2 — The Chevron Swirler
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7413 Using a primary device of diameter ratio 0,4, the shift in discharge coefficient from that obtained in
a long straight pipe shall be less than 0,23 % when the flow conditioner is installed downstream of the same
fitting asin 7.4.1.2 c).

NOTE This test is included in case there is still swirl downstream of the conditioner. The swirl can have more effect
on the discharge coefficient for 5= 0,4 than for = 0,67.

741.4 To establish the acceptability of both the test facility and the primary devices with which the test is
being conducted the baseline discharge coefficients for each primary device, as measured in a long straight
pipe by the test facility, shall lie within the uncertainty limits of the discharge coefficient equation for an
uncalibrated primary device as given by:

— Pp.3.2.1and 5.3.3.1 of ISO 5167-2:2003 for an orifice plate;

— p.1.6.2 and 5.1.7.1 of ISO 5167-3:2003 for an ISA 1932 nozzle;

— Pp.2.6.2and 5.2.7.1 of ISO 5167-3:2003 for a long radius nozzle;

— p.3.4.2 and 5.3.5.1 of ISO 5167-3:2003 for a Venturi nozzle;

— p.5.2and 5.7.1 of ISO 5167-4:2003 for a Venturi tube with an “as cast’ convergent section;
— p.5.3and 5.7.2 of ISO 5167-4:2003 for a Venturi tube with a machined convergent section; of
— Pp.5.4 and 5.7.3 of ISO 5167-4:2003 for a Venturi tube wjthxa‘rough-welded sheet-iron convergent section.

For these tests, the test facility should first remove swiflhand then have a sufficient length upsfream of the
primary device. For an orifice plate 70D length would be Sufficient.

7.4.1.5 If the flow conditioner is to be acceptable at any Reynolds number then it is necessary to

establish that it not only meets 7.4.1.2 and 7%4.1.3 at one Reynolds number, but that it meets 3) or b) or c)
from(7.4.1.2 at a second Reynolds number:{f the two pipe Reynolds numbers are Reyq,, and Repgp, then they

shalllmeet the following criteria:
104 < Reppy < 106 and Rehigh = 106
and

1(R€|OW) - A(Rehigh) >0,003 6,

where A is the pipe friction factor (see Reference [3] in the Bibliography), which may be obtainedl graphically
from|the Moody.diagram or from the Colebrook-White equation

1 2k 18,7
——==1,74-2log (—+ ! 1
\/I 10 D ReD\/z

with & evaluated as =« Ra.

If it is only desired to use the flow conditioner for Re;, > 3 x 108, it is sufficient to carry out the test in 7.4.1.2 at
a single value of Rej, greater than 3 x 106.

If the flow conditioner is to be acceptable for any pipe size, then it is necessary to establish that it not only
meets 7.4.1.2 and 7.4.1.3 at one pipe size, but that it meets a) or b) or c) from 7.4.1.2 at a second pipe size. If
the two pipe diameters are Dy, and Di,qe then they shall meet the following criteria:

Dgmgy < 110 mm (nominal 4 in) and Djyge > 190 mm (nominal 8 in).
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The requirements on friction factor are determined in order that for an orifice plate, the velocity profile may

change sufficiently that the discharge coefficient changes by at least twice the maximum permitted shift in discharge
coefficient due to installation. From References [6] and [7] of the Bibliography, the effect of changes in friction factor is

given by

AC =3,1

3453974

Taking C equal to 0,6 and the minimum required change in C as 1,264 — 0,384 % for > 0,67 gives

AA

- 0,002 414 -0,000 735

35
Jii

NOTE2 A
values of Rey

Since only a
or Venturi tub
single Reynol

7.4.1.6
upstream fit
distances W
diameters.

7.41.7
which is gre
7.4.1.2,7.4.

used, Sax-
7.4.1.5.

A(Rejon

Then, provided that the conditioner meets thé compliance test in all the above tests, it has passeq

compliance
primary devi

7.4.2 Sped

If a complia|
upstream fitf
test of that i
less than 0

though for a nozzle the effect of A1 on C will be different from its effect on an orifice plate, the_red
holds number for the compliance test still appear to be appropriate.

small range of Reynolds number is permitted in 1ISO 5167-2 or ISO 5167-3 for respectively a Venturi n
e, a flow conditioner will be acceptable over this range provided that it has passed the‘\Compliance teg
s number.

The range of distances between the flow conditioner and the primary device and that betwee
ing and the flow conditioner which are used in the tests will determiine the acceptable rang
hen the flowmeter is used. The distances shall be expressed in terms of numbers of

If it is desired to carry out compliance testing for a flow:¢conditioner for use up to a value
ater than 0,67, then first it shall be shown to meet 7.44:2 to 7.4.1.5. Then the test describ
4 and 7.4.1.5 shall be carried out at the maximum nalue of £ over which the conditioner is
The permitted shift in discharge coefficient is increased to (0,634, — 0,192) %. In the ca

_ 0,002 413ray ~0,000 735

= 3,5
max

)— A(Renigh)

test for < fhax- The acceptable ranges of distances between the flow conditioner ang
ce and between the upstream fitting and the flow conditioner are determined as in 7.4.1.6.

ific test

hce test has ot)been carried out to permit the use of a flow conditioner downstream of
ing it may benecessary to carry out a specific flow test. The test will be deemed satisfactor|
nstallation”shows that the shift in discharge coefficient from that obtained in a long straight pi
23 %. <Fhé permitted shift in discharge coefficient can be increased to (0,635 - 0,192) 9

0,67<8<0
In this situa

tlon, it is not necessary to increase the uncertainty of the discharge coefficient to take accoy

75(0r0,67 < 5 < 0,8 in the case of a nozzle or 0,67 < 5 < 0,775 in the case of a Venturi no:

uired

ozzle
t ata

n the
bs of
pipe

of g
bd in
0 be
e of

the
the

any
y if a
pe is
o for
rzle).
nt of

the installation:

8 Uncertainties on the measurement of flowrate

NOTE

an example, is given in ISO/TR 5168.

16

More comprehensive information for calculation of the uncertainty of a measurement of flowrate, together with
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8.1 Definition of uncertainty

8.1.1 For the purposes of ISO 5167 (all parts) the uncertainty is defined as an interval about the result of a
measurement that may be expected to encompass approximately 95 % of the distribution of values that could
reasonably be attributed to the measurand.

8.1.2 The uncertainty on the measurement of the flowrate shall be calculated and given under this name
whenever a measurement is claimed to be in conformity with the applicable part of ISO 5167.

8.1.3 The uncertainty can be expressed in absolute or relative terms and the result of the flow
measurement can then be given in any one of the following forms:

— flowrate =g £ &g

— flowrate = g(1+ U7)
— flowrate = ¢ within (100U;) %
wheie the uncertainty dg shall have the same dimensions as ¢ while U7, = oalq shall be dimension|ess.

8.1.4 For convenience a distinction is made between the uncertainties-linked to measurements [made by the
user|and those linked to quantities specified in the applicable part of\SO 5167. The latter uncertainties are on
the dlischarge coefficient and the expansibility [expansion] facfor;"they give the minimum uncertainty with
which the measurement is unavoidably tainted, since the userhas no control over these values| They occur
becguse small variations in the geometry of the device are allowed and because the investigatigns on which
the Malues have been based could not be made under “ideal” conditions, nor without some uncertainty.

8.2 | Practical computation of the uncertainty

8.2.1 Component uncertainties

From Equation (1), the computation of the-mass flowrate ¢,, is given by:

L \2Ap p1
m=Cc—d* ——
4 1- g4

In fagt, the various quantities which appear on the right-hand side of this equation are not independent, so that
it is pot correct to compute the uncertainty of ¢,, directly from the uncertainties of these quantities.

For ¢xample, £5is a function of 4, D, V4, v4 and p4, and ¢is a function of d, D, Ap, p4 and .

8.21.1 However, it is sufficient, for most practical purposes, to assume that the uncertainti¢s of C, ¢, d,
Ap ahd g, are independent of each other.

8.21.2 A practical working formula for ¢y, can then be derived, which takes account of the
interdependence of C on d and D which enters into the calculation as a consequence of the dependence of C
on S. Note that C may also be dependent on the Reynolds number Rep,. However, the deviations of C due to
these influences are of a second order and are included in the uncertainty on C.

Similarly, the deviations of & which are due to uncertainties in the value of g, the pressure ratio and the
isentropic exponent are also of a second order and are included in the uncertainty on ¢. The contribution to the
uncertainty due to the covariance terms may be considered to be negligible.

8.21.3 The uncertainties which shall be included in a practical working formula for &y, are therefore
those of the quantities C, ¢, d, D, Ap and p;.
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8.2.2 Practical working formula

8.2.2.1
Equation (3)

oG _
dm

The practical working formula for the uncertainty, og,, of the mass flowrate is given by

as follows:

(5ch (&jz 244 2(51))2 2 2[54]2 1(§Apj2 1(5,;1}2
— | +| =] + — | + — |+ =+ =
C & 1-p4 D 1-p4 d 4 Ap 4\ pq

3)

In Equation (3) some of the uncertainties, such as those on the discharge coefficient and expansibility

[expansion]

far\fnr, are gi\/nn nNgs222 and 822 Q, while others have to be determined h\ll the user

(see

8.2.2.4 and
8.2.2.2 [

8.223

B.2.2.5).
n Equation (3), the values of 6C/C and of d¢/& shall be taken from the applicable part.of ISO §

\When the straight lengths are such that an additional uncertainty of 0,5 % is to be\considered

additional umcertainty shall be added arithmetically in accordance with the requirements. given in 6.2

ISO 5167-2:
in the formy
ISO 5167-3:

8.2.2.4

specification
5.1.8 of 1SC
respectively
maximum vg

8.2.2.5

ISO 5167 dd
in the meas
full scale. (
uncertainty.

8.2.2.6
the user-det
95 %.

P003, ISO 5167-3:2003 and ISO 5167-4:2003, and not quadratically as with _the other uncerta
la above. Other additional uncertainties (see 6.4.4 and 6.5.3 of 1ISO5167-2:2003 and 6.4
P003) shall be added arithmetically in the same way.

In Equation (3), the maximum values of 6D/D and &d/d, ~which can be derived from
s given in 6.4.1 of ISO 5167-2:2003, 6.4.1 of ISO 5167-3:2003"and 5.2.2 of ISO 5167-4:2003
5167-2:2003, 5.1.2.5, 5.2.2.3 and 5.3.1.6 of I1SO 5167-3:2003 and 5.2.4 of 1SO 5167-4:
can be adopted or alternatively the smaller actual values can be computed by the user.
lue for 6D/D will not exceed 0,4 % whereas the maximum value for &d/d will not exceed 0,1 9

167.

, this
14 of
nties
.4 of

the
and
2003
(The

)

The values of dAp/Ap and Jp4/p, shall be determined by the user because the applicable part of

es not specify in detail the method of measurement of the quantities Ap and p,. The uncerta
iIrement of both quantities may include components stated by manufacturers as a percenta
alculation of percentage uncertainty below full scale shall reflect this increased percern

In order to give an overall uncertainty of ¢,, providing a level of confidence of approximately ¢
ermined uncertainties shall also be obtained to provide a level of confidence of approxim

nties
e of
tage

5 %,
ately
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Annex A
(informative)

Iterative computations

An iterative computation procedure is required when a problem cannot be solved by direct calculation
methods (see 5.3).

Taki

The

and

The

Ther
men

Ther
sma
prec

An €

ng the case for orifice plates for instance, iterative computations are always required to calcul

he flowrate ¢,, at given values of x4, p4, D, Ap and d,

he orifice diameter 4 and g at given values of y4, py, D, Ap and q,,,,
he differential pressure Ap at given values of x4, p4, D, d and ¢,,, and
he diameters D and d at given values of x4, py, 5, Ap, and g,,,.

brinciple is to regroup in one member all known values of the'basic flowrate Equation (3):

-0,5
Am = ngdz (1—ﬁ4) (2app1)>°

he unknown values in the other member.

Known member is then the “invariant” (denoted “A,” in Table A.1) of the problem.

a first guess X; is introduced into-the“unknown member and results in a difference ; betw
bers. Iterative computation enables-a second guess X, to be substituted to obtain &,.

X4, X5, 6; and &, are entered into a linear algorithm which computes X5 ... X, and J; ... ¢
ler than a given value, or until two successive values of X or of § are seen to be “equal’

sion.

xkample of a lineaf-algorithm with rapid convergence is
X, 1—-X

X, =X, 4%5, o1 Cn=2
511—1 - 511—2

Ate

een the two

until [5,] is
for a given

ar algorithm

If the ecomputations are carried out using a programmable numeric calculator, the use of a ling
reduT v sliahily it i lculati I . bstitufi in it ‘

in applications relative to this part of ISO 5167.

ations found

Note that the values of d, D and g to be introduced in the calculations are those prevailing under the “working
conditions” (see 5.3).

For orifice plates, if the plate and the metering tube are made of different materials, it is possible that the
variation in S due to the working temperature is not negligible.

Examples of full schemes for iterative computations are given in Table A.1.
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Examples of values of the pipe wall uniform equivalent roughness, &

Table B.1 — Values of &

Values in millimetres

Material Condition k Ra
Brags, copper, aluminium, smooth, without sediment < 0,03 <[0,01
plasfics, glass
new, stainless < 0,03 <[0,01
new, seamless cold drawn < 0,03 <[0,01
new, seamless hot drawn
new, seamless rolled < 0,10 <0,03
new, welded longitudinally
new, welded spirally 0,10 ,03
Sted| slightly rusted 0,10 to 0,20 0,03 to 0,06
rusty 0,20 to 0,30 0,04 to 0,10
encrusted 0,50 to 2 0,15 t0 0,6
with heavy encrustation >2 0,6
bituminized, new 0,03 to 0,05 0,01[to 0,015
bituminized, normal 0,10 t0 0,20 0,03 to 0,06
galvanized 0,13 ,04
new 0,25 ,08
rusty 1,0to 1,5 0,3t0 0,5
Cas{iron
encrusted >1,5 0,5
bituminized, new 0,03 to 0,05 0,01to 0,015
Asbéstos cement coated and not coated, new <0,03 <(0,01
not coated, normal 0,05 0,015

In this case, Ra has been calculated on the basis that Ra ~ ﬁ.
Y

NOT]
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Flow conditioners and flow straighteners

ral

Flow conditi
parts), other
flow straight

Inclusion in

test in 7.4.1
have passeq
of ISO 5167

It is not inte
use of othe
coefficient W
Suitable pro

this annex
ISO 5167 an

C.2 Flow

C.2.1 Gen

A flow strai
produce the

Examples o
straightener

C.2.2 Examples

C.2.21 TH

The tube bu

pners can be classified as either true flow conditioners or flow straighteners. In ISO 516
than in this annex, the term “flow conditioner” is used to describe both true flow conditioners
Bners.

his annex does not imply that a flow conditioner or flow straightener has passed‘the compli

with any particular primary device at any particular location. Devices that have been shoy
the compliance test in 7.4.1 with any particular primary device are showp-in the appropriate

nded that the descriptions of flow straighteners and flow conditioners given here should lim
designs which have been tested and proved to provide sufficiently small shifts in disch
hen compared with discharge coefficients obtained in a longétraight pipe.

Hucts available commercially are given as examples of<flow conditioners or flow straightens

see C.2.2 and C.3.2). This information is given fof’the convenience of users of this p3
d does not constitute an endorsement by ISO of thése products.

straighteners

bral description

phtener is a device which removes or significantly reduces swirl but may not simultane
flow conditions specified in(7.8.3.

flow straighteners are the tube bundle flow straightener, the AMCA straightener and the E

e tubesbundle flow straightener

hdle flow straightener consists of a bundle of parallel and tangential tubes fixed together and

¢ (all
and

ance
vn to
parts

t the
arge

rs in
rt of

busly

Ftoile

held

rigidly in th

pipe(see Figure C-H)—ttismportanttoensure that thevarious tubesare parattettoeach

other

and to the pipe axis since, if this requirement is not met, the straightener itself might introduce swirl to the flow.

There should be at least 19 tubes. Their length should be greater than or equal to 104;, where the diameter of
the tube d, is shown on Figure C.1. The tubes are joined together and the bundle rests against the pipe.

A special case [the 19-tube bundle flow straightener (1998)] is described in more detail in 6.3.2 of
ISO 5167-2:2003.

22
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Key
1 roipimized-gap
2  pipe wall
3 tube wall thickness (which is less than 0,025D)
4  centring spacer options — typically 4 places

]

The length, L, of the tubes shall be between 2D and 3D, preferably as close to 2D as possible.
D; = flow straightener outside diameter, and 0,95D < D; < D.

Figure C.1 — Examples of the tube bundle flow straightener
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The pressure loss coefficient, X, for the tube bundle flow straightener depends on the number of the tubes and
their wall thickness, but for the 19-tube bundle flow straightener (1998) it is approximately equal to 0,75,
where K is given by the following equation:

Apg

K =
2
2PV

where

Ap, is the pressure loss across the flow straightener or flow conditioner;

14 g the mean axial velocity of the fluid in the pipe.

An alternatiye design of tube bundle flow straightener has the tubes attached at their outer rim.to a flange
which very glightly protrudes into the pipe.

C.2.2.2 THe AMCA straightener

The AMCA straightener consists of a honeycomb with square meshes, the dimensjons of which are shoyn in
Figure C.2. The vanes should be as thin as possible but should provide adequate strength.

The pressurg loss coefficient, K, for the AMCA straightener is approximately equal to 0,25.

—_—
V. 2
/[ \
Q
Y
\ /]
Q
LN
r~
] 2‘ |4
0,050 0,450

Figure C.2 — The AMCA straightener

C.2.2.3 The Etoile straightener

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

The pressure loss coefficient, K, for the Etoile straightener is approximately equal to 0,25.
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Figure C.3 — The Etoile straightener

Flow conditioners

1 General description

w conditioner is a device which, in addition to meeting the“requirements of removing or
Cing swirl, is designed to redistribute the velocity profile toproduce conditions close to those g

y flow conditioners either are or include a perforated¢plate. Several such devices are now
hical literature and they are in general easier to manufacture, install and accommodate th
le flow straightener. They have the advantage that their thickness is typically around D/8 as
gth of at least 2D for the tube bundle. Moreover, since they can be drilled from the solid
Cated, a more robust device is produced offering repeatable performance.

ese devices swirl is reduced and the profile simultaneously redistributed by a suitable arr.
and plate depth. A number of diffefent designs are available as indicated in Annex B of ISO 5
geometry of the plate is critical in determining the performance, effectiveness and pressurg
late.

Gallagher, K-Lab NOVA,"NEL (Spearman), Sprenkle, and Zanker flow conditioners are exar
itioners.

2 Examples
.1

The Gallagher flow conditioner

Gallagher flow conditioner is covered by an existing patent. It consists of an anti-swirl devi

significantly
f7.3.3.

described in
an the tube
compared to
rather than

bngement of
167-2:2003.
loss across

nples of flow

te, a settling

chan

nBer and lastly a profile device as shown in Figures C.4 and C.5.

The pressure loss coefficient, K, for the Gallagher flow conditioner depends on the manufacturing specification
of the conditioner; it is approximately equal to 2.
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0,1250non’

0,50nom’
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¢
/
e

anti-swirl [device
profile deyice
D, om = NOMinal pipe diameter
Length equal to diameter of raised face
3,2mmfor D, .. =50 mm to 75 mm tubestyle
6,4 mm fIr Dyom =100 mm to 450 mm tube style
12,7 mm for D, ... =500 mm to 600,mm tube style
12,7 mm for D, .. = 50 mm t0:300 mm vane style
17,1 mm for D, =350 nim 16 600 mm vane style
3,2mm fer D, . =50mmto 75 mm
6,4 mm for D, =00 mm to 450 mm
12,7 mm for B, ¢, =500 mm to 600 mm
Direction lof flow

Figure C.4 — Typical arrangement of a Gallagher flow conditioner
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