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ISO 5167-

Foreword

1:2022(E)

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

The
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pDrocedaurc UScd SAYUS UOCUIT dI10 ." SJefesie O U d
ribed in the ISO/IEC Directives, Part 1. In particular, the different approval criterianet

iimenance are

bded for the
ce with the

e subject of
5. Details of
tion and/or

Any|trade name used in this document is information given for thé tonvenience of users apd does not

congtitute an endorsement.

For pn explanation of the voluntary nature of standards, the meaning of ISO specific| terms and

expijessions related to conformity assessment, as wellbas information about ISO's adherence to

the |World Trade Organization (WTO) principles inZthe Technical Barriers to Trade [(TBT), see

wwyv.iso.org/iso/foreword.html.

ISO $167-1 was prepared by Technical Committe&lSO/TC 30, Measurement of fluid flow in cloged conduits,

Subdommittee SC 2, Pressure differential deyices, in collaboration with the European Committee for

Standardization (CEN) Technical Commijttee” CEN/SS FO5, Measuring instruments, in accodance with

the Agreement on technical cooperation’between ISO and CEN (Vienna Agreement).

This|third edition cancels and replacesthe second edition (ISO 5167-1:2003), which has been technically

reviged

The main changes are as follows:

— |mproved consisteficy between ISO 5167-1 to ISO 5167-6 (some items that were new inf] ISO 5167-5
hnd [SO 5167-6 Have been moved to this document);

— hprimary eleffient has been set as part of a differential pressure metering system;

— hshortseetion on diagnostics and CBM (Condition Based Monitoring) has been included;

— p Jimitation on the use of the 5 % 2° rule for an acceptable profile has been noted;

— improved text about uncertainty calculation and an example in Annex E has been provided;

— annexes on turndown and permanent pressure loss have been included.

Alist of all parts in the ISO 5167 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

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

ISO 5167 (all parts) is applicable only to pressure differential devices in which the flow remains
subsonic throughout the measuring section and where the fluid can be considered as single-phase, but
is not applicable to the measurement of pulsatlng flow Furthermore each of these dev1ces can only be
used uncaliprate e | g [, OT atte S ey Tqn be
used acrosg their cahbrated range.

ISO 5167 (411 parts) deals with devices for which direct calibration experiments have -been nmade,
sufficient ip number, spread and quality to enable coherent systems of application to be basefl on
their results and coefficients to be given with certain predictable limits of uncertainty: ISO 5167|also
provides mg¢thodology for bespoke calibration of differential pressure meters.

The deviceq introduced into the pipe are called primary devices. The term primary device also inclpdes
the pressure tappings. All other instruments or devices required to facilitate\the instrument readings
are known |as secondary devices, and the flow computer that receives these readings and perf¢rms
the algorithms is known as a tertiary device. ISO 5167 covers primary-devices; secondary devices|(see
[SO 2186) ajnd tertiary devices will be mentioned only occasionally.

Aspects of safety are not dealt with in ISO 5167-1 to ISO 5167-6..1t is the responsibility of the usgr to
ensure that{the system meets applicable safety regulations.

Additional dlocuments that may provide assistance include:
— ISO/TR[3313;

— ISO/TR[{9464;

— ISO/TR{12767;

— ISO/TR|{15377.
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Measurement of fluid flow by means of pressure
differential devices inserted in circular cross-section
conduits running full —

Part 1:

G Lopinein] Lreqts

1

This
mea
diffe

are inserted into a circular cross-section conduit running full. This doctiment also specifies|

requ
mea

ISO
and

Scope

document defines terms and symbols and establishes the general principles for
surement and computation of the flow rate of fluid flowing in a conduit by means
rential devices (orifice plates, nozzles, Venturi tubes, cone meters, and wedge meters]

irements for methods of measurement, installation and determination of the uncert
surement of flow rate.

h167 (all parts) is applicable only to flow that remains stibsonic throughout the measu
where the fluid can be considered as single-phase. It'is not applicable to the meas

methods of
of pressure
when they
the general
hinty of the

ring section
urement of

pulspting flow.

2 Normative references

The [following documents are referred to jmthe text in such a way that some or all of their content
congtitutes requirements of this document. For dated references, only the edition cited ppplies. For
undgted references, the latest edition of'the referenced document (including any amendments) applies.
ISO 4006, Measurement of fluid flew in closed conduits — Vocabulary and symbols

ISO 5167 (all parts), Measurement of fluid flow by means of pressure differential devices inserted in circular
cros§-section conduits running-full

ISO $168, Measurementof fluid flow — Procedures for the evaluation of uncertainties

ISO/IEC Guide 98;3/ Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in
meafurement (GUM:1995)

3 [lerms and definitions

For the purposes of this document, the terms, definitions and symbols given im 1ISO 4006 and the
following apply.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/
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3.1 Pressure measurement

3.11

wall pressure 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 1 to entry: The pressure tapping is usually a circular hole but in certain cases may be an annular slot.

3.1.2

static pressure

p
pressure w

(3.1.1)

Note 1 to enffry: Only the value of the absolute static pressure is considered in ISO 5167 (all parts),

3.1.3

differentiall pressure

DP
Ap
difference |
the upstreq
throat for a
pipe throug
tappings ha

Note 1 to enf]
the positiony

3.14

pressure ratio

T
ratio of the
pressure at

3.1.5
vena contr
location in §

3.2 Prim

3.21
orifice
throat open

3.2.2

hich can be measured by connecting a pressure-measuring device to a wall pressure-tag

etween the (static) pressures measured at the wall pressure tappings, one of which
m side and the other of which is on the downstream side of a primary device [or if
throat-tapped nozzle, a Venturi nozzle (3.2.4) or a Venturitube (3.2.5)], inserted in a str{
h which flow occurs, when any difference in height betiween the upstream and downstf
s been taken into account

ry: In ISO 5167 (all parts) the term “differential pressure” is used only if the pressure tappings g
specified for each standard primary device.

absolute (static) pressure at thevdownstream pressure tapping to the absolute (st
the upstream pressure tapping

hcta
) fluid stream where(the diameter of the stream is smallest

ary devices

ing of miinimum cross-sectional area of a primary device

ping

s on

the
light
eam

rein

atic)

orifice plate
thin plate in which a circular opening has been machined

Note 1 to entry: 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 (3.2.1) is sharp and square.

3.2.3
nozzle

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

“throat”

© IS0 2022 - All rights reserved
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3.2.4

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

3.2.5
Venturi tube
device which consists of a convergent inlet which is conical connected to a cylindrical part called the
“throat”, which is itself connected to an expanding section called the “divergent” which is conical

3.2.¢

con¢ meter
devire which consists of a cone-shaped restriction held in the centre of the pipe wjith)the
cond upstream

3.2.
we
devi

3.2.
dian
B
<of
prin
Note
primj

Note,
diam
secti]

3.2.9

cary
devi
pres

3.3

3.3.]
flow
rate

q
mas

e meter
ce which consists of a wedge-shaped restriction

B
neter ratio

ary device to the internal area of the measuring pipe tipstream of the primary device

1 to entry: In ISO 5167-2 and ISO 5167-3 the diameter@atio is the ratio of the diameter of the
ary device to the internal diameter of the measuringpipe upstream of the primary device.

2 to entry: In ISO 5167-4, where the primary.déevice has a cylindrical section upstream, hav
eter as that of the pipe, the diameter ratio is the'ratio of the throat diameter to the diameter of th
pn at the plane of the upstream pressure tappings.

ier ring
ce which is used to hold theyprimary element in the centre of the pipe and may inco|
sure tappings

Flow

|
rate
of flow

5 or volume of fluid passing through the primary device per unit time

nose of the

h primary device used in a given pipe> square root of{the ratio of the area of the throat of the

throat of the

ng the same
s cylindrical

rporate the

3.3.

.1

mas
rate

s flow rate
of mass flow

rrrlnass of fluid passing through the primary device per unit time

3.3.1.2
volume flow rate

rate

of volume flow

4y
volume of fluid passing through the primary device per unit time

Note 1 to entry: In the case of volume flow rate, it is necessary to state the pressure and temperature at which the
volume is referenced.
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3.3.2

Reynolds number

Re

dimensionless parameter expressing the ratio between the inertia and viscous forces

3.3.2.1

pipe Reynolds number

Rey,

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

D%
ReD = n= = ﬂ
v, muyD
3.3.2.2
throat Reypolds number
Re,

dimensionl¢ss parameter expressing the ratio between the inertia and viscous forces in the orifi¢e or
throat of the primary device

I
Red = —;—D

Note 1 to enpptry: When an orifice plate is used the throat Reynolds number is sometimes called the ofrifice
Reynolds nupnber.

3.3.3
isentropic pxponent
K
ratio of thq relative variation in pressure to the corresponding relative variation in density upder
elementary|reversible adiabatic (isentropic) transformation conditions

Note 1 to enfry: The isentropic exponent k appears’in the different formulae for the expansibility [expansion]
factor € and yaries with the nature of the gas and-with its temperature and pressure.

Note 2 to emtry: There are many gases-aiid vapours for which no values for x have been published s¢ far,
particularly pver a wide range of pressure-and temperature. In such a case, for the purposes of ISO 5167 (all parts),
the ratio of the specific heat capacity at constant pressure to the specific heat capacity at constant volumpe of
ideal gases chn be used in place ofthe’'isentropic exponent.

3.34
Joule Thomson coefficient
isenthalpic femperatuné=pressure coefficient

Myt

rate of change af témperature with respect to pressure at constant enthalpy:

e

_9r
ap|,

Note 1 to entry: The Joule Thomson coefficient varies with the nature of the gas and with its temperature and
pressure and can be calculated.

Hyy

Note 2 to entry: An approximation for the Joule Thomson coefficient for some natural gases is given in
ISO/TR 9464:2008, 5.1.5.4.4.

4 © IS0 2022 - All rights reserved
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3.3.5

discharge coefficient

C

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

Am Vl_ﬁ4

A28pp;

C =

Note 1 to entry: Calibration of standard primary devices by means of incompressible fluids (liquids) shows

that bho diccharagn confficinnt 1o dapmandant oy o +ho Dagnalde pvbhay fo o Givan i oy Aoy e in a given
........... se-coefficientis-dependent-only-on-the Reyneldsnumberforasivenprimary-dev g

instgllation.

The pumerical value of C for any individual differential pressure meter is the same for different finstallations
wheiever such installations are geometrically similar and the flows are characterised’by identifal Reynolds
numbpers.

The [formulae for the numerical values of C given in ISO 5167 (all parts) arevbased on datal determined
expefimentally.

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

Note|2 to entry: The quantity 1/+/1— ﬁ4 is called the “velocity of apppoach factor”, and C ———| is called the
1-B*
“flow coefficient”.

3.3.6
expansibility [expansion] factor
£
coefficient used to take into account the compressibility of the fluid

| qm Vl_,B4

[ A4,.C\2App;

Note| 1 to entry: Calibration of a~given primary device by means of a compressible fluid (gas) shpws that the
following ratio is dependent opr the value of the Reynolds number as well as on the values of the pfessure ratio
and the isentropic exponent-ef the gas:

qm Vl_IB4

Ar N2APpy

The method adopted for representing these variations consists of multiplying the discharge coefficjent, C, of the
primjary device considered, as determined by direct calibration carried out with liquids for the samg¢ value of the
Reyrlolds.number, by the expansibility [expansion] factor, ¢.

amnd is less than

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.

The numerical values of ¢ for orifice plates given in ISO 5167-2 and for cone meters given in ISO 5167-5 are based

on data determined experimentally. For nozzles (see ISO 5167-3), Venturi tubes (see ISO 5167-4) and wedge
meters (see [SO 5167-6) they are based on the thermodynamic general formula applied to isentropic expansion.

© IS0 2022 - All rights reserved 5


https://standardsiso.com/api/?name=5a5c89515564a6b60ab044cb458e785b

ISO 5167-1:2022(E)

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 to entry: 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 21920-3.

Note 2 to entry: For pipes, the uniform equivalent roughness k, may also be used. This value can be determined
experimentally (see 7.1.5) or taken from tables (see Annex B).

4 Symbols and subscripts
4.1 Symbols
Table 1 — Symbols
Symbol Quantity DimensSion? ST unjt
A, Area of throat L2 m?
c Discharge coefficient dimensionless —
Conp Molar-heat capacity at constant pressure ML2T-20-1mol-1 J/(mol-K)
d Diam_eter of (_)r_ifice (or throat) of primary device under L m
working conditions
D Upstl_‘eam interr}al pipe diameter (o_r upstream diameter ofa L m
classical Venturi tube) under working conditions
H Enthalpy ML2T2mol-1 J/mo]
k Coverage factor dimensionless —
k, Uniform equivalent roughness L m
Pressure loss coefficient (the ratio(fthe pressure loss, Aw,
K to the dynamic pressure, pV2/2), also known as the minor dimensionless —
loss coefficient
Pressure tapping spacing L m
L Relative pressure tapping-spacing: L =1/D dimensionless —
p Absolute static presstre of the fluid ML-1T-2 Pa
dm Mass flow rate MT-1 kg/s
ay Volume flow rate L3T-1 m3/d
R Radius L m
R, Universal gas constant ML2T-20-1mol-1 J/(mol-K)
Ra Arithmetical mean deviation of the (roughness) profile L m
Re Reynolds number dimensionless —
Re, Throat Reynolds number dimensionless —
Re;, Pipe Reynolds number dimensionless —
t Temperature of the fluid 0 °C
T Absolute (thermodynamic) temperature of the fluid 0 K
u Standard uncertainty ¢ ¢

a

b

C

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

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.

© IS0 2022 - All rights reserved
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Symbol Quantity Dimension? SI unit
u Relative standard uncertainty dimensionless —
U Expanded uncertainty ¢ ¢
U’ Relative expanded uncertainty dimensionless —
% Mean axial velocity of the fluid in the pipe LT1 m/s
Z Compressibility factor dimensionless —
B Diameter ratio dimensionless —
y Ratio of specific heat capacitiesP® dimensionless —
Ap Differential pressure: Ap = p; - p, ML-1T-2 Pa
\p. Pressure loss across a flow conditioner ML-1T-2 Pa
Yoy Pressure loss across a primary device ML-1T2 Pa
Expansibility [expansion] factor dimensienless —
K [sentropic exponent? dimensionless —
A Friction factor dimensionless —
u Dynamic viscosity of the fluid ML-1T-1 Pas
m Joule Thomson coefficient M-1LT20 K/Pa
v Kinematic viscosity of the fluid: v = u/p L2T-1 m?2/s
£ (I;_elative pressure loss (the ratio of the pressure loss‘to the dimensionless .
ifferential pressure)
p Density of the fluid ML-3 kg/m3
T Pressure ratio: t = p,/p; dimensionless —
¢ Total angle of the divergent section dimensionless rad
a M = 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 conftant volume.
For ifdeal gases, the ratio of the specific heat-capacities and the isentropic exponent have the same value (see[3.3.3). These
valug¢s depend on the nature of the gas.
c The dimensions and units are.those of the corresponding quantity.

5 Principle of the method of measurement and computation

5.1 | Principle of thie method of measurement

The |principle-of the method of measurement is based on the installation of a primary d
pipeline inwhich a fluid is running full. The installation of the primary device causes a sta

bvice into a
fic pressure

diffdrence/between the upstream side and the throat or downstream side of the device. The flow rate

can be determmed from the measured Value of thls pressure dlfference and the knowl

therhs

dge of the
is assumed

that an uncallbrated dlfferentlal pressure meter is w1th1n the geometrlc and Reynolds number range
required for the ISO discharge coefficient prediction to be valid. Alternatively, it is assumed that a

bespoke calibrated differential pressure meter is to be used within its calibration range.

The mass flow rate can be determined, since it is related to the differential pressure within the
uncertainty limits stated in ISO 5167, using Formula (1):

_C
T

For practical implementation, this formula is expanded upon as Formula (1) of ISO 5167-2, ISO 5167-3,

NOTE

A, \2App,

ISO 5167-4,1SO 5167-5 and ISO 5167-6.

© IS0 2022 - All rights reserved

M)


https://standardsiso.com/api/?name=5a5c89515564a6b60ab044cb458e785b

ISO 5167-1:2022(E)

Similarly, the value of the volume flow rate can be calculated using Formula (2):

Qy =——

p

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

(2)

5.2 Method of determination of the required diameter ratio for the selected standard

primary d

In practice, w

C and € use(
priori:

— thetyp
a flow 1

The related

Cep?

evice

| in ormula @ are in general not prec1sely known Hence the followmg shall be selecl

P of primary device to be used;
ate and the corresponding desired value of the differential pressure.

values of q,,, and Ap are then inserted in Formula (1), rewritten in the form of Formula

4q,,

Ji-p{

in which thg

For a given
pressure ar
square root
the maximy
particulari

5.3 Comj

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

different te

C may be d¢g
of q,,,, is obt
and initial €

The dimens
Measureme
contraction
fluid during

NOTE F

nD? \J2Appy

e diameter ratio of the selected primary device can be detérmined by iteration (see Anng

flow rate, the uncertainty of the discharge coefficient and that of the predicted differe
e directly linked, because the discharge coefficiént'is proportional to the reciprocal o

of the differential pressure. Consequently, care shall be taken when determining
m differential pressure does not exceed théupper range limit of the transmitter. This
mportance where the uncertainty of the discharge coefficient is large.

putation of flow rate

'ms on the right-hand side of Formula (1) by their numerical values.

pendent on Re, which is.itself dependent on g,,. In such cases the final value of C, and h
hined by iteration. Sée Annex A for guidance regarding the choice of the iteration proce
stimates.

ions used imthe formulae are the values of the dimensions at the working condit
nts taken ‘at'any other conditions should be corrected for any possible expansio

the méasurement.

line,
eda

(3):

(3)

X A).

ntial
f the
that
is of

the

ence
dure

ons.
n or

of the ptimary device and the pipe due to the values of the temperature and pressure of the

b.4.2.

br-corrections due to thermal expansion or contraction see ISO/TR 9464:2008 5.1.6.1.3 and 5.2.

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.
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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.

NOTE ISO/TR 9464:2008, 6.4.2 provides a method for correcting density measured downstream of a device
to upstream conditions.

5.4.3 Static pressure

The gtatic pressure of the fiuid shatt be measured by means of an individuat wall pressure tapping, or
severral such tappings interconnected, or by means of carrier ring tappings if they are permitted for the
meapurement of differential pressure in that tapping plane for the particular primary 'devide.

A-A
B -,B

a Flow.

b Bection A-A (upstream))also typical for section B-B (downstream).
Figure 1 — “Triple-T” arrangement

Where foufipressure tappings are connected together to give the pressure upstream, downstream or
in the throat of the primary device, it is best that they should be connected together in|a “triple-T”
arrapgément as shown in Figure 1. The “triple-T” arrangement is often used for measurement with
large Venturi tubes.

It is permissible to link simultaneously one pressure tapping with differential pressure measuring
device(s) and static pressure measuring device(s), provided that these connections do not lead to any
distortion of the differential pressure measurement.

5.4.4 Temperature

5.4.4.1 Temperature measurement requires particular care. The thermometer well or pocket shall
take up as little space as possible to avoid reducing the cross-sectional area of the pipe. Thermometer
probes should have adequate immersion depth to ensure the fluid temperature is measured accurately.
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Except where a cone meter is used, the temperature of the fluid shall preferably be measured

downstream of the primary device to avoid disturbance to the flow profile affecting the primary de

vice.

If the thermometer well or pocket is located downstream of the primary device, 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). In the

case

of a Venturi tube this distance is measured from the throat pressure tapping plane, and the pocket shall

also be atleast 2D downstream from the downstream end of the diffuser section.

If the thermometer well or pocket is located upstream of the primary device it shall be located in

accordance with the values given in the applicable part of ISO 5167 describing the primary device.

VAR

Within the ki apphieation s Atmaye aHyb s 2
upstream t¢mperatures of the fluid are the same at the differential pressure tappings. However) i
fluid is a non-ideal gas, the lowest uncertainty is required, and there is a large pressure loss betwéel
upstream pressure tapping and downstream thermowell, it is then necessary to calculate theupstr
temperature from the downstream temperature assuming an isenthalpic expansion between the
points. To perform the calculation, the pressure loss, Aw, should be calculated from the formulae g
in other paijts of the ISO 5167 series for that primary device. Then the corresponding temperature
from the upstream tapping to the downstream temperature location, AT, can e evaluated using
Joule Thompon coefficient, Ky which is described in 3.3.4 and given in Formula+{4):

Cl v WA

m and

f the
h the
eam
two
iven
drop
F the

(4)

NOTE1 Ekperimental workl8] has shown that this is an appropriate method for orifice plates. It is reasopably

and widely agsumed that the method works for all differential pressure‘meters.
NOTE 2  Although an isenthalpic expansion is assumed between the upstream pressure tapping ang
downstream temperature tapping, this is not inconsistent with there being an isentropic expansion betwee
upstream tapping and the vena contracta or throat.

NOTE3  Measurement of temperature at a gas velocityyin the pipe higher than approximately 50 m/s can
to additional uncertainty associated with the temperature recovery factor.

5.4.4.2 The temperature of the primary device and that of the fluid upstream of the primary dg
are assumefl to be the same (see 7.1.7).

5.5 Differential pressure flow-measurement system

5.5.1 General

A complete|differential pressure measuring system comprises several typical components as show
Figure 2. Algernative-ednfigurations are equally acceptable.

The primar}y deviee is either mounted into the pipeline directly as shown or, for example in the ca
an orifice plate, may be installed in a carrier where the differential pressure tappings are located. S

| the
h the

lead

vice

'n in

se of
ome

i rifice—carrier facilitate the cacu ramaual af tho aorifice nlate for inenection ortochana
designs of drifice carrier facilitate the easy removal of the orifice plate for inspectionort g

b the

orifice bore size without having to stop the flow and de-pressurize the system.

Interconnection of multiple tappings shall be as described in 5.4.3.
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Key

1 primary device 6  differential pressure transmitter - low range

2 solation valves 7  pressure transmitter

3 mpulse lines 8 temperature element or temperature transmitter
4  yalve manifold 9  instrument communication cables

5 (ifferential pressure transmitter - high range 10 flow computer

a  Flow.

Figure 2 — Differential pressure flow measurement system

5.5.2 Primary device

ISO 5167-2 to ISO 5167-6 specify the meter geometry and characteristics of a selection of primary
devices.

Whilst each primary device may operate satisfactorily for a given application, the selection of the
most appropriate primary device for a given installation and range of process conditions should be
determined by sound engineering judgement.
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5.5.3 Impulse lines and transmitters

Impulse lines are used to transmit the differential pressure created by flow through the primary device
to the differential pressure transmitter, which in turn transmits the measured differential pressure
value to the flow computer.

Impulse lines also transmit the static pressure at the upstream tapping to the pressure transmitter,
which in turn transmits the measured upstream pressure value to the flow computer. Impulse
lines should only be used for measuring pressure and differential pressure. They shall not be used
continuously for draining, venting, or sampling, as there shall be no flow in the impulse line during

normal metering operation.

The positioh and orientation of the pressure and differential pressure transmitters depend on thefluid
being measpired. ISO 2186 details the requirements for connecting the impulse lines to the differeptial
pressure transmitter for fluids in both horizontal and vertical piping installations.

A temperature element or temperature transmitter provides the measured temperature to the flow
computer.

A multivaripble transmitter may be used to measure more than one process parameter.

5.5.4 Impulse line isolation valves and valve manifolds

Isolation vdlves enable the differential pressure transmitter and pfessure transmitter to be isolated
from the main process line for maintenance purposes. The valve manifold is used to allow] the
differential|pressure transmitter to be isolated and equalised<fer zero differential pressure che¢cks,
venting and maintenance purposes.

5.5.5 Flow computer

The compufation of the flow rates from a differential pressure metering system is generally performed
within a digital flow computer. This may be a separate “flow computer” device, or part of an integrfated
control sysfem. Additional calculations may.be carried out, including totalisation, diagnostics,|and
communicaftions with other distributed systems.

5.6 Differential pressure flow.measurement system design considerations

5.6.1 Flow rate turndown and-stacked transmitters

The flow rapge of a flow mieter is commonly described as the “turndown” (see Annex D).

It is common to connect two or more differential pressure transmitters of different calibrated
ranges acrdss the_primary device to measure a wider range of flow rate; this is known as “stacking”
the transmittersi;The connection can be made on the same pair of tappings or on additional paifs of
tappings log¢ated circumferentially around the primary device.

Some installations may duplicate the differential pressure transmitters using common or separate

tappings in

the same planes for redundancy or verification.

The flow computer shall be configured to select the in-range transmitter when performing the flow
computations. The associated uncertainty shall be calculated using the in-use transmitter.

5.6.2 Meter calibration

Where a user of an ISO 5167 flow metering system requires a lower discharge coefficient uncertainty
than that stated in the relevant part associated with that primary element, or where the geometry
differs from that described in that part, the meter shall be calibrated in accordance with Clause 7 of the
applicable part of ISO 5167.
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The purpose of the flow calibration is to determine the discharge coefficient of an individual flow meter
and its associated uncertainty. The meter calibration data shall not be transferred between different
flow meters, even of the same nominal geometry.

Where the flow metering system geometry differs from that described in the applicable part of ISO 5167,
the associated expansibility formula may require verification.

The meter calibration data can be used to apply an adjustment to the discharge coefficient value used
within the associated flow computer. Possible methods of applying the adjusted discharge coefficient
include:

— multi-point linearization algorithm (piecewise linear interpolation);
— polynomial algorithm.

A calibrated meter shall only be used within the calibrated Reynolds numbgeK¥ange. The pncertainty
outsfde the calibrated range is undefined.

NOT For gas applications (other than those at ambient process conditions), an ambient-tempefature water
calibjration is unlikely to produce the in-service Reynolds number range. The'in-service Reynolds number range
is used to help determine the choice of test facility.

5.6.3 Permanent pressure loss

The [permanent pressure loss of a metering system is the“pressure loss caused by its insertion into a
piping installation. Typically, it is assumed that the pressure is measured from a tapping D upstream
of the metering system to a second tapping 6D downstream of the metering system. The| permanent
presgure loss is smaller than the primary element differential pressure owing to pressufe recovery
withlin the flow meter.

The [permanent pressure loss of any metering system includes the effects due to all elements of the
met¢ring system that cause a difference-in the flow when compared with straight pipe of the nominal
upstiream (and downstream) diameter. All elements that intrude into the flow (includipg primary
elenjents, flow conditioners and thermowells) or otherwise cause deviation of the flow (inclyding flange
jointls, pipe diameter changes,and other fittings) will induce a change in pressure.

The permanent pressuredoss across the primary device is evaluated in the following sections:

— | Orifice plates ISO 5167-2:2022, 5.4

— [ Nozzles [SO 5167-3:2022,5.1.8,5.2.8,5.3.8 and 5.4.6
— | Venturitubes [SO 5167-4:2022,5.9

— | Eone meters ISO 5167-5:2022,5.9

—  Wedge meters ISO 5167-6: 2022, 5.9.

In the case of the Venturi tube and the Venturi nozzle the pressure loss that would have been caused by
straight pipe if the Venturi tube or Venturi nozzle had not been installed is calculated[?l and subtracted
from the measured pressure loss to give the values in ISO 5167-3:2022, 5.4.6 and 1SO 5167-4:2022, 5.9.
This method is used because for these primary elements the calculated pipe loss is a significant fraction
of the measured pressure loss.

It should be noted that the permanent pressure loss of a metering system is only one component in the
overall pressure loss across a total piping installation, i.e., the metering system permanent pressure
loss may be small compared with the major pipe losses.

An example of a permanent pressure loss calculation for a measurement system is given in Annex F.
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The permanent pressure loss shall also be considered as part of the primary element’s “sizing”
(including the meter type, size and f3). To size the meter to remain beneath a given maximum pressure
loss may reduce the flow rate turndown of the meter for the conditions the meter will see in service.

5.6.4 Diagnostics and meter verification

Differential pressure meters may include diagnostics systems with additional functionality to provide
assurance of the flow measurement, highlight potential installation issues, or indicate erroneous
readings due to adverse conditions (such as hydrates). These may include:

interco
compat

axial py

statisti

Secondary
data for usd

Verification

flow metering system and the associated assets. Some sections pfindustry are moving from flow n
bduled maintenance schemes, i.e. periodic maintenance checks regardless of the state of the

routine sch
system, to
required.

5.6.5 Overall uncertainty of differential pressure metering system

The calcula
in line with
on the prac

6 Gener
6.1 Prim

6.1.1 The
part of the |

When the 1

internal or external data validation and reconciliation (DVR) techniques, including time-base

digital differential pressure transmitter internal diagnostic parameters;

mparison of multiple transmitters on the same measurement;
ison of combinations of measurements across the flow meter;

essure profile analysis;

Cal evaluation of parameters.

variable data from digital differential pressure transmitters €an also provide additj
in diagnostic systems.

systems can be supported by diagnostic checks to facilitate predictive maintenance fo

Condition Based Monitoring schemes (CBM), i.e{only performing maintenance when

fion of the overall uncertainty for a differential pressure metering system shall be perfor]
the guidance given in ISO 5168 and'ISO/IEC Guide 98-3. 8.3 provides pertinent informz
ical computation of uncertainty. A supporting example is given in Annex E.

al requirements for the measurements
ary device

primary device shall be manufactured, installed and used in accordance with the applid
SO 5167%eries.

hanGfacturing characteristics or conditions of use of the primary devices are outsidg

limits giver

d or

onal

r the
eter

it is

med
ition

able

the
vice

#nthe applicable part of ISO 5167, it may be necessary to calibrate the primary dg

separately under the actual conditions of use.

Furthermore, a primary device with characteristic and flow conditions within the limits given in the
applicable part of ISO 5167 can have its uncertainty further reduced by a flow calibration.

6.1.2 The condition of the primary device and differential pressure transmitters shall be periodically
checked so that conformity with the applicable part of ISO 5167 is maintained.

6.1.3 The primary device shall be manufactured from material whose coefficient of thermal
expansion is known.

14
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ISO 5167-

Nature of the fluid

6.2.1 The fluid may be either compressible or considered as being incompressible.

1:2022(E)

6.2.2 The fluid shall be such that it can be considered as being physically and thermally homogeneous
and single-phase.

6.3

6.3.]

Flow conditions
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0/TR 3313. The flow rate shall be constant or, in practice, vary only slightly and slowly

flow is considered as not being pulsating[19] when Formula (5) is satisfied:

PPrms g 10

Ap

Fe
A_p is the time-mean value of the differential pressure;
Ap' is the fluctuating component of the differential pressure;

Ap;ms is the root mean square value of Ap’ ;

vhole secondary system should conform toithe design recommendations specified in I§

It willl not, however, normally be necessary.fo)check that this condition is satisfied.

6.3.
case
incr
prev

P ISO 5167 is only applicable where there is no change of phase through the priman

s where the thermodynamic conditions in the metering system are close to the phas
basing the throat area of the\primary element will reduce the differential pressure,
ent a change of phase.

Fo

For

forn
sing

d
res

quids, the pressure §hall not fall below the vapour pressure of the liquid (otherwise cay

0.

bases, it is onlynecessary to calculate the temperature at the throat if the gas is in th
w-point; the'temperature at the throat may be calculated assuming an isentropic exp

its d
the lfpstream conditions (the upstream temperature may need to be calculated in accordar
ula in 5:4.4.1); the temperature and pressure in the throat should be such that the fljiid is in the

e-phase region.

can only be measured accurately using a_fast-response differential pressure sensoft;

the subject
with time.

(5)

moreover,
O/TR 3313.

y device. In
b boundary,
which may

ritation will

b vicinity of
insion from
ce with the

6.3.3

7 Installation requirements

7.1

General

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

7.1.1 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.
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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 the applicable part of ISO 5167 for that primary device.

The pipe is considered straight when the deviation from a straight line does not exceed 0,4 % over its
length. Normally visual inspection is sufficient. Flanges are permitted in the straight sections of pipe
upstream and downstream of the primary device. 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
cross-sectig
outside of t
where spec

Seamed pip
the entire 1
being used.
annular slo

pressure tapping to be used in conjunction with the primary device. If @n annular slot is used

location of
smooth bor

7.1.5 The

The accept3
the value of

The intern:
locations as
measurems
with time &
cleaning th¢

An approxi
uniform eq

given direc
(see 7.4.1.5)

of k, for di
and Table B

7.1.6 The

pipe bore shall be circular over the entire minimum length of straight pipe required,
n may be taken to be circular if it appears so by visual inspection. The circularity o
he pipe can be taken as a guide, except in the immediate vicinity (2D) of the primary dg
al requirements shall apply according to the type of primary device used.

e may be used provided that the internal weld bead is parallel to the pipe-axis throug
ength of the pipe required to satisfy the installation requirements for'the primary dg
Any weld bead shall not have a height greater than the permitted step-in diameter. Unle
is used, the seam shall not be situated within any sector of +30°eentred on any indivi

the seam is not significant. If spirally wound pipe is used, then it shall be machined
.

interior of the pipe shall be clean at all times.

ble value of pipe roughness depends on the primary device. In each case there are limit
the arithmetical mean deviation of the roughness profile, Ra.

] surface roughness of the pipe should be measured at approximately the same

nts shall be made to define the pipé.internal surface roughness. The roughness can ch
s stated in 6.1.2, and this should be taken into account in establishing the frequen
 pipe or checking the value of Ra.

ivalent roughness as'given on the Moody diagram (see Reference [9]). The value of

[ly by a pressure 1055 test of a sample length of pipe, using the Colebrook-White Equd
to calculate thevalue of &k, from the measured value of friction factor. Approximate vg

'ferent materials can also be obtained from the various tables given in reference litera
1 givesyalues of k, for a variety of materials.

pipe may be provided with drain holes and/or vent holes to permit the removal of

deposits an

mate value of Ra may be ebtained by assuming that Ra is equal to k, /T, where k, i$

The
[ the
vice

hout
vice
ES an
dual
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toa
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those used to determine and verify the pipe internal diameter. A minimum of four roughness

hnge
'y of

the
k, is
ition
lues
fure,

solid

H entrained flnids. However, the drain or vent system shall not intrude into the pipplinp

and

there shall be no flow through either drain holes or vent holes during the flow measurement process.

Drain and vent holes should not be located near to the primary device. Where it is not possible to
conform to this, the diameter of these holes shall be less than 0,08D and they shall be located so that
the minimum distance, measured on a straight line from each of these holes to a pressure tapping of the
primary device 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
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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.

Temperature differences can be important at low flow rates, 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.

7.2 Minimum upstream and downstream straight lengths

7.2. 7 —Tthe primary device shattideatty be-instatted-imr the pipetimeat = positiomrsuchr that the flow
conditions immediately upstream of the primary device approximate to those of swiyl-free, fully
devdloped pipe flow. Conditions meeting this requirement are specified in 7.3.

In pijactice, the primary device shall be installed in the pipeline ata position such thatthe flow conditions
immiediately upstream of the primary device are acceptable for that primary device.| Conditions
meefing this requirement are created by the minimum lengths stated in Glause 6 of ISO 5167-2:2022,
ISO $167-3:2022, 1SO 5167-4:2022, 1SO 5167-5:2022 or ISO 5167-6:2022.

7.2.2 However, a flow conditioner as described in 7.4 will permit-the use of much shortgr upstream
pipe[lengths. Such a flow conditioner shall be installed upstream¢f the primary device where sufficient
strajght length, to achieve the desired level of uncertainty, is notavailable.

7.3 | General requirement for flow conditions at the primary device

7.3.1 Requirement

If the specified conditions given in Clause 6.9f 1SO 5167-2:2022, 1SO 5167-3:2022, I1SO 5{167-4:2022,
ISO $167-5:2022 or ISO 5167-6:2022 cannot be met, the applicable part of ISO 5167 remaing valid if the
flow] conditions at the primary device can be demonstrated to conform to swirl-free fully developed
flowjover the entire Reynolds numberrange of the flow measurement process.

NOTE If 7.3.2 and 7.3.3 are satisfied, then the flow conditions are acceptable for primarfy devices of

suffifiently small . From the limited data available, it is recognized that primary devices of smaller § are less
susceptible to changes in velocity-profile.

7.3.2 Swirl-free conditions

Swipl-free condition$ can be presumed to exist when the swirl angle at all points over the|pipe cross-
sect]on is less thati2°.

7.3.3 Good velocity profile conditions

Goodl elocity 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 velocCity 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).

7.4 Flow conditioners
7.4.1 Compliance testing

7.4.1.1 Provided that a flow conditioner (see also Annex C) has passed the compliance testin 7.4.1.2 to
7.4.1.6 for a particular primary device, the flow conditioner may be used with the same type of primary
device with any value of diameter ratio up to 0,67 downstream of any upstream fitting. Provided that
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the distance between the flow conditioner and the primary device and that between the upstream
fitting and the flow conditioner are in accordance with 7.4.1.6 and the downstream straight length is
in accordance with the requirements for the particular primary device (ISO 5167-2:2022, column 14 of
Table 3, ISO 5167-3:2022, column 12 of Table 3, ISO 5167-4:2022, the text in Table 1, ISO 5167-5:2022,
6.2.1 0or IS0 5167-6:2022, 6.2), it is not necessary to increase the uncertainty of the discharge coefficient
to take account of the installation.

7.4.1.2 Using a primary device of diameter ratio 0,67 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 in each
of the following situations:

a) ingood
b) downst
c¢) downst
across
downst
swirler
Upstream d

that the pri

7.4.1.3 Us
obtained in

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

ream of a device producing a high swirl (the device should produce a maximum swirl g
the pipe of at least 24° at a distance 18D downstream of it or at least 202 at a distance
ream of it). The swirl may be generated by a swirler or by other meafis. An example
is the unpatented Chevron Swirler given as Figure C.1.

f the fittings in b) and c) there shall be a length of straight pipe which is sufficiently
mary device is not affected by any fittings upstream of those’specified in b) or c).

ing a primary device of diameter ratio 0,4, the shift in discharge coefficient from
a long straight pipe shall be less than 0,23 % when the flow conditioner is inst

downstreatn of the same fitting as in 7.4.1.2 c).

NOTE T
more effect g

74.1.4 Td
testis being
straight pip
level) of the

For these te
the primary

For exampl

74.1.5 If
establish th

his test is included in case there is still swirl downstream of the conditioner. The swirl can
n the discharge coefficient for 5 = 0,4 than for $&,0,67.

conducted the baseline discharge-coefficient for each primary device, as measured in a

discharge coefficient equation for that primary device.
 device.
e, a 70D upstreamlength should be sufficient for an orifice plate.

the flow cofditioner is to be acceptable at any Reynolds number then it is necessat
at it not pnly meets 7.4.1.2 and 7.4.1.3 at one Reynolds number, but that it meets a) or b)

ngle
30D
of a

long

that
hlled

have

establish the acceptability of both the'test facility and the primary devices with whicl the

long

e by the test facility, shall lie within the expanded uncertainty limits (at 95 % confidence

sts, the test facility should first remove swirl and then have a sufficient length upstream of

y to
or C)
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from 7.4.1.2 at a second Reynolds number. If the two pipe Reynolds numbers are Rey,,, and Rey;g}, then
they shall meet the following criteria:

10* < Re,,,, <10° and Rey;g, 210°

and:

A(Rey, )= A(Re,y, ) 20,003 6,

where_A is the pipe friction factor (cpp Reference [9]) which may he obtained gr;\phir‘n ]y from the
Mooy diagram or from the Colebrook-White equation:

2k, 18,7

=1,74-2lg +—=
ReD\/I

1
NA
k, evaluated as mRa.
NOTE1 Following ISO 80000-2, log, is written Ig.

If it |s only desired to use the flow conditioner for Rej, > 3 x 106, itGs sufficient to carry ouf 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 fecond pipe
sizelf the two pipe diameters are Dg,,.;; and Dy, . thewthey shall meet the following criterfa:

) <110 mm (nominal 4 inch) and Dirge 2190 mm (nominal 8 inch).
NOTE 2  The requirements on friction factor are determined in order that for an orifice plate,|the velocity
profile changes sufficiently that the discharge egefficient changes by at least twice the maximum pefmitted shift
in dicharge coefficient due to installation. Frem References [11] to [13] the effect of change in friction factor is
given by

NC =3,1343° A1

Taking C = 0,6 and the minimim required change in Cas 1,26 3-0,384 % for 3>0,67 give

72)

S 0,002 418 =0,000 735
- ﬁ3,5

NOTE 3  Altheugh for a nozzle the effect of AA on C will be different from its effect on an orifice plate, the
requjred valuesof Reynolds number for the compliance test still appear to be appropriate.

AL

Whadre-itis not possible (or not practical) to achieve A(Rey,, )—A(Rehigh ) >0,003 6 within fhe range of

Rey1otds Tumber permitted for a particutar primary device, a flow conditioner wittbe acceptable over
that range provided that it has passed the compliance test at a single Reynolds number.

7.4.1.6 Therange of distances between the flow conditioner and the primary device and that between
the upstream fitting and the flow conditioner which are used in the tests will determine the acceptable
ranges of distances when the flow meter is used. The distances shall be expressed in terms of numbers
of pipe diameters.

7.4.1.7 Ifitis desired to carry out compliance testing for a flow conditioner for use up to a value of 8
which is greater than 0,67, then first it shall be shown to meet 7.4.1.2 to 7.4.1.5. Then the test described
in 74.1.2, 74.1.4 and 7.4.1.5 shall be carried out at the maximum value of § over which the conditioner is
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to be used, .« The permitted shift in discharge coefficient is increased to (0,638,,,x —0,192) %. In
the case of 7.4.1.5.

A(Reygy )~ A(Repigh ) 2

0,002 418, —0,000 735

35
max

Then, provided that the conditioner meets the compliance test in all the above tests, it has passed the
compliance test for B< B, . The acceptable ranges of distances between the flow conditioner and the

primary device and between the upstream fitting and the flow conditioner are determined as in 7.4.1.6.

7.4.2 Sped

If a complia
upstream f
satisfactory
in a long sty
to (0,638

the case of
discharge c

cific test

Ince test has not been carried out to permit the use of a flow conditioner downstream o

aight pipe is less than 0,23 %. The permitted shift in discharge coefficient'ean be incre

a Venturi nozzle). In this situation, it is not necessary to increase.the uncertainty o
pefficient to take account of the installation.

8 Uncerftainties on the measurement of flow rate

8.1 Gense

More comp
together wi
in ISO/IEC

The uncert
should be e

ral

ehensive information for calculation of the uncertainty of a measurement of flow
h an example, is given in ISO 5168. Information on the calculation of uncertainties is g
fuide 98-3.

hinty of the flow rate measurement.js not constant across the range of the flow meter
baluated at all relevant sets of conditions.

8.2 Definition of uncertainty

8.2.1 For
the result o
of values th|

8.2.2 The

under this
ISO 5167.

8.2.3 The

the purposes of ISO 5167(all parts) the expanded uncertainty is defined as an interval 4|
a measurement thatimay be expected to encompass approximately 95 % of the distriby
ht could reasonably-be attributed to the measurand.

expanded.uncertainty on the measurement of the flow rate shall be calculated and g

itting it may be necessary to carry out a specific flow test. The test will, be ded
if a test of that installation shows that the shift in discharge coefficient from‘that obtalined

0,192) % for 0,67 < <0,75 (or 0,67 < <0,8 in the case of a nozzle 0¥_0,67 < 0,77

fany
med

hsed
5 in
f the

rate,
iven

and

bout
tion

iven

hame whenever a measurement is claimed to be in conformity with the applicable part of

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, as in Formulae (6), (7) and (8):

flow rate=qg+U, witha 95 % confidence level

flow rate:q(liU

’

q) with a 95 % confidence level

flow rate =q within (100U(;) % with a 95 % confidence level

where the uncertainty U, has the same dimensions as q while U; =U, /q is dimensionless.

20

(6)

(7)

(8)
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8.2.4 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 ISO 5167. The latter
uncertainties are on the discharge coefficient and the expansibility [expansion] factor; they give
the minimum uncertainty with which the measurement is unavoidably tainted, since the user has
no control over these values. They occur because small variations in the geometry of the device are
allowed and because the investigations on which the values have been based could not be made under
“ideal” conditions, nor without some uncertainty.

8.3 Practical computation of the uncertainty

8.3. Component uncertainties

8.3.1.1 From Formula (1), the computation of the mass flow rate g, is given by:

V2Appy
J1-p*

In fafct, the various quantities which appear on the right-hand side of thisjequation are not independent,
so that it is not correct to compute the uncertainty of q,, directly from the uncertaintfes of these
quaiptities.

1m =CEA,

For ¢xample, C is a function of the throat and pipe dimensionis;#;, u; and p4, and € is a function of the
thropt and pipe dimensions, Ap, p; and k.

8.3.1.2 As this interrelationship provides relatively“insignificant correlation in the egtimation of
uncqrtainty, it is sufficient, for most practical purposes, to assume that the uncertainties of C, ¢, throat
dim¢nsion, Ap and p, are independent of each othef.

8.3.1.3 A calculation of U(;m , the relative'expanded uncertainty of g,,, can then be performed, which

takes account of the interdependencévof C on throat and pipe dimensions which entdrs into the
calcyilation as a consequence of the, dependence of C on 5. Note that C is also dependent on the Reynolds
numper Rep. However, the deviations of € due to these influences are of a second order and gre included
in the uncertainty on € when derived from equations given within the parts of ISO 5167.

Simiflarly, the deviations of\e'which are due to uncertainties in the value of 5, the pressure ratio and the
isenfropic exponent aré-also of a second order and are included in the uncertainty of €. The dontribution
to the uncertainty dieto the covariance terms may be negligible.

8.3.1.4 Theuncertainties which shall be included in the calculation of U(;m are therefore those of the

quantities €, ¢, throat and pipe dimensions, Ap and p;.

8.3.2.1 Uncertainties in the other parts of ISO 5167 are relative expanded uncertainties with a
confidence level of approximately 95 %. To combine them it is necessary first to calculate v/, the relative
standard uncertainty of each contribution, which is obtained by dividing U’, the relative expanded
uncertainty of each contribution, by k, where k is equal to 2 where the contribution has a normal

probability distribution and equal to V3 where the contribution has a rectangular probability
distribution.

NOTE k is the coverage factor: see ISO/IEC Guide 98-3:2008, 2.3.6.

The practical working formula for the relative standard uncertainty of the mass flow rate, u;m ,is given
by:
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Formula (9) for orifice plates (ISO 5167-2), nozzles (ISO 5167-3) and Venturi tubes (ISO 5167-4);
Formula (10) for cone meters (ISO 5167-5, where d, is the cone diameter); Formula (11) for wedge
meters (ISO 5167-6, where h is the wedge gap).

am

m

m

To use the

expansibilit

the user (se

An example

8.3.2.2 Fq

part of ISO
The discha

ug =Ug /2

8.3.2.3 W

this additio

of C in acco

ISO 5167-4

additional y
arithmeticyg

8.3.2.4 Fq
devices use

ISO 5167-2:

ISO 5167-3

Alternative
user.

J

u’% +u’g +

u’% +u'g +

(9)

(10)

u’% +u'§ +

e Formulae, some of the uncertainties, such as those on the discharge coefficient
y [expansion] factor, are given in 8.3.2.2 and 8.3.2.3, while others shall be determine
e 8.3.2.4 and 8.3.2.5).

is given in Annex E.

r Formulae (9),(10) and (11) the values of U'C and of U; shall be taken from the applig

b167 when C and € are derived from equations given within the applicable part of ISO §
Irge coefficient and expansibility are both.assumed to have normal distributions|

and u; =U'€/2.

hen the straight lengths are such that-an additional uncertainty of 0,5 % is to be consid¢
nal relative uncertainty shall be,added arithmetically to the relative expanded uncert3
rdance with the requirements given in ISO 5167-2:2022, 6.2.4, ISO 5167-3:2022, 6.2.4
2022, 6.2.4 and not quadratically as with the other uncertainties in Formula (9). Q
ncertainties (see ISO 5167-2:2022, 6.4.4 and 6.5.3 and ISO 5167-3:2022, 6.4.4) shall be a
lly in the same way.

r Formula (9), the'values of Ui) and U;z shall be determined from the uncertainty o

d to measure)the pipe and throat dimensions, and from the permissible variation givg
022, 6.4.15:ISO 5167-3:2022, 6.4.1 and 1SO 5167-4:2022, 5.2.2 and 1SO 5167-2:2022, §
:2022, 50.2.5, 5.2.2.3, 53.24 and 5.4.1.6 and ISO 5167-4:2022, 5.2.4 respecti

y, instead of the permissible variation, the smaller actual variation can be computed b}

(11

and
d by

able

167.
So,

bred,
inty
and
ther
lded

f the
kN in
.1.8,
vely.
7 the

If the variation in D and d is presumed to follow a rectangular distribution uD:UD/\/B and

u;,zU;,/\/g.

A similar m

ethod shall be used for Formulae (10) and (11).

8.3.2.5 The values of U,Ap and U;,l shall be determined by the user because the applicable part of

ISO 5167 does not specify in detail the method of measurement of the quantities Ap and p;. The
uncertainties in the measurement of both quantities may include components stated by manufacturers
as a percentage of full scale. Calculation of percentage uncertainty below full scale shall reflect this

increased p

22

ercentage uncertainty.
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8.3.2.6 Temperature and pressure measurements do not appear directly in the equations for mass
flow. They are however vital in the determination of density and potentially Reynolds number through
viscosity. They may also provide a small uncertainty to the other components, for example, through
temperature expansion of the dimensions.

8.3.2.7 Therelative expanded uncertainty U;Im is then given by U(;m = Zu;m
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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). Independent validation of software for flow metering calculations is recommended.

Taking the ¢ase for orifice plates for instance, iterative computations are always required to calcitlpte:
a) For thdg case of predicting the operating meter’s mass flow rate:
— the floy rate g,, at given values of y4, p;, D, Ap and d.
b) For thg case of meter sizing:
— the oriffice diameter d and g at given values of 4, p1, D, Ap and q,,;
— the differential pressure Ap at given values of u4, p1, D and d and q,,5
— the diameters D and d at given values of iy, p;, 5, Ap, and q,,,.
The principje is to regroup in one member all known values of the-basic flow rate Formula (1):
T 2 4\705 0,5

am =Cgfd* (1-B%) " (24ppy)
and the unknown values in the other member.
The known|member is then the “invariant” (defoted “4,” in Table A.1) of the problem.
Then a firstjguess X; is introduced into the'unknown member and results in a difference 6, between the
two membdrs. Iterative computation enables a second guess X, to be substituted to obtain 6,.
Then X;, X, |6; and &, are entered into a linear algorithm which computes X;... X, and 65... § , until |d,| is
smaller thah a given value, or until two successive values of X or of § are seen to be “equal” for a given
precision.
An exampldg of a linear algorithm with rapid convergence is formula (A.1):

X 41— X, I
Xy =Xlq — 05" Lt [A.1)
5n—1 _671—2

The use of dllinear :\]gnrifhm reduces nn]y c]ighﬂy the number of calculations from those rnnlnirnrl dsing

successive substitutions in the case of computations found in applications relative to this document.

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

For meters where the primary element and meter body are made of different materials with different
thermal expansion coefficients, it is possible that the variation in 8 due to the working temperature is
not negligible.

Examples of full schemes for iterative computations are given in Table A.1.

NOTE

24

Co

is the discharge coefficient at infinite Reynolds number.
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Annex B
(informative)

Examples of values of the pipe wall uniform equivalent roughness,

k

a

Table B.1 — Values of k,,

Values in millimetres
Material Condition k, Ra
gll‘;sstsi’cg,oglg l;’ aluminium, smooth, without sediment <0,03 <0,01
new, stainless <0,03 <0,01
new, seamless cold drawn <0,03 <0,01
new, seamless hot drawn
new, seamless rolled <010 <0,03
new, welded longitudinally
new, welded spirally 0,10 0,03
Steel slightly rusted 0,10 to 0,20 0,03 to 0,06
rusty 0,20 to 0,30 0,06 to 0,10
encrusted 0,50to 2 0,15t0 0,6
with heavy encrustation >2 >0,6
bituminized, new 0,03 to 0,05 0,01 to 0,015
bituminized, normal 0,10 to 0,20 0,03 to 0,06
galvanized 0,13 0,04
new 0,25 0,08
) rusty 1,0to 1,5 0,3t0 0,5
Castiron
encrusted >1,5 >0,5
bituminized, new 0,03 to 0,05 0,01 to 0,015
¢oated and not coated, new <0,03 <0,01
Asbestos cenent
not coated, normal 0,05 0,015

NOTE Inth

k
is case, Ra*has been calculated on the basis that Ra = —% .

I

26
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Annex C
(informative)

Flow conditioners and flow straighteners

C.1 _General

Flow conditioners can be classified as either true flow conditioners or flow straighteners. In
ISO $167 (all parts), other than in this annex, the term “flow conditioner” is used todescrilie both true
flow|conditioners and flow straighteners.

Devices that have been shown to have passed the compliance test in 7.4.1 withCany particullar primary
devige are shown in the appropriate parts of ISO 5167. It is not intended that the descriptjons of flow
stralghteners and flow conditioners given there should limit the use of gther designs which have been
tested and proved to provide sufficiently small shifts in discharge coefficient when compared with
discharge coefficients obtained in a long straight pipe.

C.2| Flow straighteners

A flgw straightener is a device which removes or significantly reduces swirl but may not simultaneously
produce the flow conditions specified in 7.3.3.

Examples of flow straighteners are the tube bundle flow straightener, the AMCA straightener and the
Etoile straightener.

A special case [the 19-tube bundle flow straightener (1998)] is described in morg detail in
ISO $167-2:2022, 6.3.2. The tube bundle flow straightener consists of a bundle of parallel an¢l tangential
tubes fixed together and held rigidly in the pipe. It is important to ensure that the varioys tubes are
pardllel to each other and to thepipe axis since, if this requirement is not met, the straightener itself
miglt introduce swirl to the flow;

C.3| Flow conditioners
A flpw conditioner\is' a device which, in addition to meeting the requirements of removing or

sign|ficantly redaeinig swirl, is designed to redistribute the velocity profile to produce conditions close
to tHose of 7.3.3«

Man flowconditioners either are or include a perforated plate. Several such devices are now described
in technical 11terature and they arein general easier to manufacture 1nstall and accommod hte than the

: und D/8 as
compared toa length of at least 2D for the tube bundle Moreover since they can be drllled from the
solid rather than fabricated, a more robust device is produced offering repeatable performance.

In these devices swirl is reduced and the profile simultaneously redistributed by a suitable arrangement
of hole and plate depth. A number of different designs are available as indicated in ISO 5167-2:2022,
6.3.3 and Annex B. The geometry of the plate is critical in determining its performance and its pressure
loss.

The Gallagher, K-Lab NOVA, NEL (Spearman), Sprenkle, and Zanker flow conditioners and the Zanker
flow conditioner plate are examples of flow conditioners. Information about products available
commercially is given for the convenience of users of ISO 5167 and does not constitute an endorsement
by ISO of these products.
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C.4 Conformity testing

The tests described in 7.4.1 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;

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

The use of this test does not imply that flow measurement should be carried out downstream of a
half-closed gate valve; flow control should be performed downstream of the primary device. For
informatior] regarding the work on which this test is based and the Chevron Swirler (see Figure €yl see
References [14] and [15].
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Figure C.1 — Chevron Swirler
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Annex D
(informative)

Differential pressure transmitters, flow range and turndown

Early flow meters used water or mercury manometers or Bourdon gauges. Advances i thg design and
techpology used in differential pressure transmitters have resulted in significant)imprqvements in
the flow range and uncertainty of differential pressure flow meters. Early pneumatic transmitters had
limited flow range, and relatively poor flow uncertainties. These devices were largely superseded by
electronic transmitters with strictly analogue circuitry producing a 4 mA te 20 mA anal¢gue output
signpl. These analogue electronic transmitters have wider differential pressure rangeq and lower
diffdrential pressure uncertainty then pneumatic transmitters.

Digital electronic transmitters utilize microprocessors to produce a-digital signal over the ¢ntire range
up tp the differential pressure Upper Range Limit (URL). Digitdl transmitters have further extended
a diffferential pressure meter’s flow range and further decreased the flowrate prediction fincertainty.
The pnalogue output from a digital transmitter can be prowvided for ranges up to the URL.

Figure D.1 shows the effect of changes in DP transmitter technology on the flow range and flow
uncdrtainty. At the conditions used in the example infAnnex E a target uncertainty of qu =|1 % results

in flow ranges of 2:1, 5:1, 7:1, and 11:1 for the-different single DP transmitter differential pressure
techpologies. Note that the highest flow range\was achieved by exploiting more of the feafures of the
digifal transmitter (e.g., a digital slope trim(@t a value less than URL which has minimal injpact on the
perfprmance at values above the trim poifnt while improving the results for lower values).
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Figure D).1 — Effect of differential pressure technology on flow range and flow uncertainty

The

/ ,/ | ._/“\\4

ratio of the maximum flow rate to the actual flow rate
mass flojw rate expanded uncertainty (%)

U(;m usipg a pneumatic differential pressure transmitter (%)

U(;m using an analogue electronic differential pressure transmitter (%)

U;m usipg a digital electronic differential pressure transmitter (%)

U;Im using a digital electronic differential pressure transmitter, with digital slope trim (%)

ranged, accuracies and charactenistics of digital electronic differential pressure transmitters

vary between manufacturers; however, similar terminology is used throughout. Several performpnce
aspects should be considered when selecting an appropriate differential pressure transmitter; common

terms used|are:

URL - Upper range limit of the instrument.
Span - the rangeover which the instrument has been set or calibrated.

Referenjce uncertainty - often includes linearity, hysteresis and repeatability and is the basic
uncertdintyof the instrument.

NOTE1 Transmitter manufacturers often refer to reference uncertainty as reference accuracy, and this is
typically stated as an absolute value, e.g. percent of span.

30

Static pressure effect - the effect the static pressure has on the performance of the instrument.

Ambient temperature effect - the effect the ambient temperature has from that at which the
instrument was calibrated.

Stability - the effect of drift of the instrument calibration over a period.

Vibration effects, mounting position effects and power supply effects - examples of additional effects
that can increase the overall measurement uncertainty of the instrument.
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All the performance specifications should be considered when calculating the total measurement
uncertainty of the instrument. The total uncertainty for a differential pressure transmitter is typically
calculated by taking the root sum of the square of each component at the same confidence interval, as

shown in Formula D.1:

’ ’ 2 ,
UAp = \/( UReferenceUncertainty ) + (UStaticPressure )

NOTE 2

2

The manufacturer’s specification for the differential pressure transmitter can provide

’ 2 ’ 2
+ (UAmbientTemperature ) + (UStability ) to.

(D.1)

guidance on

the value or formula for each component given in the proceeding formula, which can require one or more terms
involving the differential pressure reading, URL, and Span.

Digi
parg

D.2

The

max
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Turn
100

Flow
Flow
flow
opet]
flow]

al differential pressure transmitters often have the capability to measure multi
meters, as well as providing additional features such as alarms and diagnostic inferma

Turndown

flow range of a flow meter is commonly described as the “turndown”; which is the
imum to the minimum value of a given parameter. For this doCument, it is assumg
meter is the volume flow rate of a known fluid that can be meteted at a given thermody
ition within the meter’s stated flow rate prediction uncertainty-at the stated confideng

down does not detail a flow meter’s actual volume flow range (for instance, a 10:1 m
m3/h to 10 m3/h, or 1 000 m3/h to 100 m3/h).

 meters can often continue to operate outside theiy turndown flow range at higher un
r meters may also be designed to cope with a‘*temporary unexpected increase in flo
- beyond the maximum flow rating of the.meter without sustaining damage and r

imp

during surge at either the stated or a higher flow uncertainty, but it is generally con
rtant. A differential pressure meter’s ability to cope with surge flow is dependent upor

meter.

Limits on maximum flow velocity (and corresponding volume flow range), such as t
erosjon or permanent pressuredess in the system, or a minimum operational velocity, may
additional practical limitations.to the usable turndown of any type of meter.

D.3

D.3,

The
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Differential pressure meter flow range factors

1 General

volume flow rate of a differential pressure meter is proportional to the square root of {
h| differential pressure. Hence, the volume flow rate range of a differential pressure nj
ciated differential pressure range. The flow range of a differential pressure meter is s¢

ble process
tion.

ratio of the
bd that this
rnamic flow
e level.

bter may be
certainties.

w - “surge”
emain fully

ational on return to normal flow range.\Itis useful if a flow meter continues to mpeasure the

sidered less
the type of

D minimise
also dictate

he primary
eter has an
t by several

con

- ratio, flow

idetations such as moter tune structural inteority nermanent nressure lass diamete
J o PAE ¥ r 4

conditions, and readable differential pressure range.

D.3.

2 Meter type

For any given line size, diameter ratio, and flow condition range, different differential pressure meter
types (i.e., orifice plates, nozzles, Venturi nozzles, Venturi tubes, cone, and wedge meters) produce a
different differential pressure range. This differential pressure range dictates the flow rate range.
Designers will select a suitable differential pressure range based on factors such as structural integrity
of the primary element, maximum desired permanent pressure loss, and fluid conditions.
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D.3.3 Diameter ratio

For a given differential pressure meter, the choice of diameter ratio dictates the differential pressure
range and associated flow range.

D.3.4 Structural integrity

The maximum flow rate shall be restricted so that it does not produce an associated maximum
differential pressure that can cause significant elastic or plastic deformation of the primary element.

D.3.5 Perm

anent pressure loss
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‘erential pressure range

flow rate of a fluid with known physical properties the maximum flow rate produce
maximum differential pressure, and a corresponding maximum permanent\pres|

fferential pressure and associated maximum flow rate.

be taken when designing a differential pressure meter that the.flow rate and associ
pressure ranges are such that local thermodynamic conditions do not cross the floy

inge of a given differential pressure meter type s ‘dictated by the readable differe

lvn of any given differential pressure meter can be significantly expanded by using mul
pressure transmitters of different overlapping differential pressure ranges. The uj;
ferential pressure transmitters to measure the differential pressure produced across a
ports is called ‘stacking’ differential pressure transmitters.
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fferential pressure transmitters. These methods produced a limited differential pres|

pressure reading at the-stated required uncertainty and confidence level) of the ord
ponding to a flow rate-turndown of v10:1,i.e. = 3:1.

erential pressure-metering systems utilise digital differential pressure transmitters, e
e single diffepential pressure transmitter, or multiple differential pressure transmitter
ith varying’/ranges of overlapping differential pressures such that the overall measur
pressurevrange is that required by the specific application. Individual digital differe
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X  percentage of full-scale flow rate (%)

Y mass flow rate expanded uncertainty (%)

a  Mass flow rate expanded uncertainty using high-range DP transmitter.
b Mass flow rate expanded uncertainty using mid-range DP tranémiitter.
¢ Mass flow rate expanded uncertainty using low-range DP transmitter.

100 %

d  B:1 Turndown using high-range DP transmitter only (at 0;5 % mass flow rate expanded uncertainty).

e 16:1 Turndown using high- and mid-range DP transmitters (at 0,5 % mass flow rate expanded unicertainty).

f 12:1 Turndown using all three DP Transmitters.(at,0,5 % mass flow rate expanded uncertainty).

Figure D.2 — Illustration of mass flowrate expanded uncertainty for a stacked dif{
pressure transmitter system

D.3.8 Adjustable flow ranges

erential

If prpcess flow conditions chahge over time in such a way that a flow meter design no longégr offers the
appijopriate flow range.and turndown, differential pressure meters can often be re-configiired so that

the fequired new flow range and turndown are matched without the requirement to replag

e the entire

metéring system. Forinstance, differential pressure meters can have differential pressure tfansmitters

re-rgnged, or replaced with a differential pressure transmitter of a different range more
the mew flow eorditions.

SomgE differential pressure meter designs also make possible replaceable primary elements
diffdrentdiameter ratio to be readily used.
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D.4 Com

paring meter turndowns

In most applications the maximum flow rate to be metered is set. Hence, for any given application, the
maximum flow rate is the same for all meters with different turndowns being considered. The flow
meter’s turndown therefore represents, for the set maximum flow rate, the minimum flow rate that can
be read at the required flow uncertainty at the stated confidence level. For a set maximum flow rate,
the flow range comparison of a flow meter A with a turndown of x:1 and a flow meter B with a turndown
of y:1, where x > y, is given by Formulae D.2 and D.3. Formula D.2 calculates the percentage of meter A’s

flow range
range, ¥ (i

4

-]

vi=|

Flow turnd
double the f

For exampl
turndown.
turndown. ]

y(x-1)

that can be covered by meter B, A (In %). Formula D.3 calculates the extra absolute
h %), achieved by meter A compared with meter B.

M}aoo

X—y
K (y—1)

pwn is often misinterpreted. A flow meter with a turndown of 20:1 is often assumed to
low range of a flow meter with a turndown of 10:1; howevext;qt does not.

}xlOO

e, consider an application with a maximum flow relating to 30 m/s. Let meter A have a
The minimum flow would relate to 1,5 m/s (i.e. 30:1,5 = 20:1). Let meter B have a
[he minimum flow would relate to 3 m/s (i.e. 30:3 =10:1). Meter B with a 10:1 flow turnd

covers A=94,74 % of meter A’s flow range, and meter A’s flow range is ¥ =5,56 % wider than n

B’s. These v

,1%:[:

Figure D.3 1
of diminish
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