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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-governmental, In liaison with 150, also take part in the work. ISO collaborates closely with
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

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

The main
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International Standard requires approval by at least 75 % of the member bodies castinga vote.
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Introduction

The objective of this Technical Report is to assist users of ISO 5167, which was published in 2003 in four
parts. Guidance on particular clauses of ISO 5157:2003 is given.

Some clauses of 1ISO 5167:2003 (parts 1 to 4) are not commented upon and the corresponding clause
nunhbers are therefore omitted from this Technical Report, except when it has been thought io e useful to
keep a continuous numbering of paragraphs.
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TECHNICAL REPORT

ISO/TR 9464:2008(E)

Guidelines for the use of ISO 5167:2003

1

The
ISO
gen
rule

For
Def

Nei
sho|

Wit

Scope

objective of this Technical Report is to provide guidance on the use of ISO 5167;2003

erated by a constriction introduced into a circular conduit (see 1ISO 5167-1:2003, 5-1)xIt prese
s and requirements based on theory and experimental work undertaken in the field of flow mea

a more detailed description of the scope, reference should be made tg ¥SO 5167-1:2003
nitions and symbols applicable to this Technical Report are given in ISO 5167-1:2003, Clauses

her 1ISO 5167-1:2003 nor this Technical Report give detailed theoretical background, for whic
uld be made to any general textbook on fluid flow.

n the application of the rules and requirements set out in 1IS@75467-1:2003, it is practicable to g

medgasurement within an uncertainty of approximately 1 % of thie calculated flowrate. The constraints

to 4
befi
bas

Theg

ach of the primary devices described in ISO 5167:2003> (parts 2 to 4) need to be given cd
bre determining the most suitable type for a particular application. Parts 2 to 4 can also be used
s for preliminary design of a metering system.

information necessary for detailed design, manufacture and final check is specified in the g

parggraphs of ISO 5167:2003 (parts 2 to 4).

Sed

ondary instrumentation is not covered by ISO 5167-1:2003, but Clause 6 of this Technical Re

noriative reference to ISO 2186.

2

Theg
refg
doc

Normative references

following referenced,-documents are indispensable for the application of this document.
rences, only theZedition cited applies. For undated references, the latest edition of the
ument (including any amendments) applies.

(all parts).

5167:2003 is an International Standard for flow measurement based on the differential pressure

hts a set of
surement.

, Clause 1.
3 and 4.

h reference

chieve flow
5 applicable
nsideration
to form the

lauses and

port makes

For dated
referenced

ben primary

cts of flow

ISQ 2186, Fluid: flow in closed conduits — Connections for pressure signal transmissions betws
anq secondary elements

ISYTR 3313:1998, Measurement of fluid flow in closed conduits — Guidelines on the effe
pU/.._ Cltl:ul o Un fllUVV fncaoul ciﬂcuf l’lyiotl ufncuto

ISO 4006, Measurement of fluid flow in closed conduits — Vocabulary and symbols

ISO 5167-1:2003, Measurement of fluid flow by means of pressure differential devices inserted in circular
cross-section conduits running full — Part 1: General principles and requirements

ISO 5167-2:2003, Measurement of fluid flow by means of pressure differential devices inserted in circular
cross-section conduits running full — Part 2: Orifice plates

ISO 5167-3:2003, Measurement of fluid flow by means of pressure differential devices inserted in circular
cross-section conduits running full — Part 3: Nozzles and Venturi nozzles
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ISO 5167-4:2003, Measurement of fluid flow by means of pressure differential devices inserted in circular

cross-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 apply.

4 How the structure of this guide relates to ISO 5167:2003 (all parts)

Clause 5 of
— 5.1co
— 5.2co0
— b&.3co
— 5.4co

Subsequen
part 1; 5.4.

Guidance qpplicable to all four parts is given in Clause 6.

5 Guidance on the use of ISO 5157:2003 (all parts)

5.1 Guidg

ers part 1;
ers part 2;
ers part 3;

ers part 4.

5.1.1 Scdpe

No comme

5.1.2 Non

No comme

5.1.3 Ter

No comme

5.1.4 Symbols and subscripts

this Technical Report sets out the guidance specific to each of the four parts of ISO 5167:2003;

ance specific to the use of ISO 5167-1:2003

hts on this clause.

mative references
nts on this clause;
ms and definitions

nts on this Clause.

t subclause numbering relates to the clauses in each of the parts: Hence, 5.1.1 covers Clause|l in
B.1.1 covers Subclause 3.1.1 in part 4.

No comments on this clause.
5.1.5 Principle of the method of measurement and computation

5.1.5.1 Principle of the method of measurement

No comments on this subclause.
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5.1.5.2 Method of determination of the diameter ratio of the standard primary device

See Annex A of this Technical Report.

5.1.5.3 Computation of flowrate

The equations to be used to determine the flowrate of a measuring system are given in 1ISO 5167-1:2003,
Clause 5. Some results of these calculations will be fixed with installation dimensions and will only need to be
computed once. Other calculations will need to be repeated for every flow measurement point. Annex A gives
worked examples of the iterative computations shown in ISO 5167-1:2003, Annex A.

5.1)5.4 Determination of density, pressure and temperature
5.15.41 General

No pomments on this subclause.

5.1/5.4.2 Density

For|details on density measurement, see 6.4.

For|details on density computation, see Annex B of this Technical Report.

5.1/56.4.3 Static pressure

No comments on this subclause.

5.1/56.44 Temperature

Theg computation of temperature decrease resulting from expansion of the fluid through the primary device
reqires knowledge of the Joule-Thomson!eoefficient. The coefficient is a function of temperaturg, pressure
and gas composition. The calculation-ecan’ be carried out using an equation of state (see, in Afnex B, the
“detalled method” using molar composition analysis) or by the use of an approximation valid for jnatural gas
fures that are not too rich, andtwhen p and T are in the range given below. In the last case, thg coefficient
is alfunction of p and T alone.

3.
X

Proyided that, in the molarcomposition of the natural gas, methane is greater than 80 %, the tempgrature is in
the range 0 °C to 100 2G-and the absolute static pressure is in the range 100 kPa to 20 MPa (1 bar|to 200 bar).

157 = 0,350,001 42
1
+(o,231-o,002 941+ 0,000 O136t2) (0,998+o,ooo 41p-0,000 111 5p2 +0,000 000 3p3) M

where

uy7 is the Joule-Thomson coefficient, in kelvin per bar (K/bar);

t is the temperature of the fluid, in degrees Celsius (°C);
p is the absolute static pressure of the fluid, in bar.

The uncertainty was determined from the differences between this equation and the Joule-Thomson
coefficient of 14 common natural gases and is given by

U =0, 066(1 —2—00] for p <70 bar (7 MPa) (2)

© 1SO 2008 — All rights reserved 3
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and

for p > 70 bar (7 MPa) (3)

U= 0,066[1— t j[1_ (290 ")(L_lﬂ
200 4 |70 p

where U is the (expanded) uncertainty in the Joule-Thomson coefficient (K/bar).

NOTE If an orifice plate with f=0,6 has a differential pressure Ap = 0,5 bar, the uncertainty in the Joule-Thomson

coefficient corresponds to an uncertainty in flowrate in the range from 0,001 % to 0,009 %, depending on the temperature,
the pressure and the gas composition.

5.1.6 General requirements for the measurements

5.1.6.1 Primary device

5.1.6.1.1 | No comments on this subclause.

5.1.6.1.2 | No comments on this subclause.

3.1.5.1.3 Table 1, whilst not exhaustive, lists materials most commonly used forithe manufacture of primary
evices.

Table 1 — Steels commonly used for the manufacture of primary devices

AlSI BS 970 AFNOR DIN
304 304-S15 Z6CN18-09 1.4301
Stainlesg steels
316 316-S16 Z6CND17-11 1.4401
High elagtic limit 420 420-837 730C13
stainlesqd steel
Table 2 gives the mean linear expansion coefficient, elasticity moduli and yield stresses for the materials of

Table 1 acd

ording to their AISI designation.

Table 2 -— Characteristics of commonly used steels

Mean linear
expansion coefficient Elasticity modulus Yield stress
AlS! designation between 0 °C and 100 °C
K-1 Pa Pa
304 17 x 1076 193 x 10° 215 x 106
316 16 x 10°6 193 x 10° 230 x 106
420 10 x 1076 200 x 10° 494 x 108

The values given in Table 2 vary with both temperature and the treatment process of the steel. For precise
calculations, it is recommended that the data are obtained from the manufacturer.

When the primary device under operating conditions is at a different temperature from the one at which the
diameter “4” was determined (this temperature is referred to as the reference or calibration temperature), the
expansion or contraction of the primary device should be calculated. The corrected diameter “d” to be used in
the computation of diameter ratio and flowrate should be calculated using Equation (4), assuming there is no
restraint due to the mounting:

4 © 1SO 2008 — All rights reserved
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d=do[1+/1d(T—T0)]

where

d is the primary device diameter in flowing conditions;
dy is the primary device diameter at reference temperature;
Aq is the mean linear expansion coefficient of the primary device material;

T isthe primary device temperature in flowing conditions;

(4)

Wh
int
(se
tob

5.1

No

5.1

5.1
the

5.1

5.

-—

5.1

Theg

Ty is the reference or calibration temperature.

bre automatic temperature correction is not required in the flow computer, the uncertainty-for
e overall uncertainty calculations should be increased for the change in “d” due to.temperaty

ISO 5167-1:2003, 8.2.2.4). An initial calculation may show that this additional uncertainty is s
e considered negligible.

6.2 Nature of the fluid

comments on this subclause.

6.3 Flow conditions
16.3.1 No comments on this subclause.

16.3.2 If there is a likelihood of such a change of phase, a way of overcoming the problem is

diameter ratio, so that the differential pressure is reduced.

16.3.3 No comments on this subclause.
J7 Installation requirements

7.1 General

following list of inspection-equipment is not exhaustive, but provides a basis for inspection con
calipers (thickness diameters);

internal micrometer (diameters);

micrometer{(thickness);

gauge block, feeler gauge (relative position, absolute standard for checking micrometers);

d” included
re variation
hall enough

to increase

rol:

protractortangtes);
profile measuring apparatus (edge);
straight edge rule (flatness);

three point bore gauge (internal diameter).

Only instruments which may be calibrated to primary standards should be used if optimum accuracy is
required.

5.1.

711 No comments on this subclause.
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51.71.2 No comments on this subclause.
51.71.3 No comments on this subclause.
51.71.4 No comments on this subclause.
51.71.5 No comments on this subclause.
5.1.7.1.6  The requirements in this subclause of ISO 5167-1, where drain or vent holes are located near to
the primary device, are illustrated in Figure 1. This figure illustrates the importance of placing the drain or vent
hole in the annular chamber where one is used. It should be noted that the location of a drain or vent hole

relative to @ pressure tapping is of greater importance where there is no annular chamber and the drain or
vent hole epters the pipe itself.

It should bI realized that the flowing fluid may cause deposition, corrosion or erosion of the inner ‘wall off the
pipe. The ipstallation may therefore not conform to the requirements of ISO 5167-1. Internal inspection off the
pipe should be carried out at intervals appropriate to the conditions of application.

.T_,> Lw

INSN
1—N

| Q
AN
\(| LN
/‘EL Y
ANLs
g
2 <0.08D

Key

pressure tapping
2  orifice plate
drain holes and/or vent holes

a Flow direction.

Figure 1 — Location of drain holes and/or vent holes
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5.1.7.1.7 This subclause is intended to ensure a reliable measurement of temperature. Although the
flowing temperature is not a quantity directly involved in the equation for calculating flowrate, it is an important
parameter since it may be used to calculate “d” and “D” plus critical process parameters under flowing
conditions.

5.1.

5.1.

5.1.

str:

7.2  Minimum upstream and downstream straight lengths

7.21 No comments on this subclause.

7.2.2 When designing a metering pipe installation, it is recommended that the require

d minimum

For

ISO
inte

'ghf Inngfhe are determined hy the maximum-diameter ratio-that is nvpnnfnr’l in-the life of the in

diameter ratios not actually shown in ISO 5167-2:2003, Table 3, 1SO 5167-3:2003,
5167-4:2003, Table 1 but which are inside the limits of the standard, it is reasopable
Fpolate linearly between the values obtained at the nearest two diameter ratios.

If ap orifice meter is designed to measure the flowrate in either direction, the minimum straight len

on

stra

5.1

No

5.1

Its
asy|
che

7.3

7.4

ight lengths as specified in ISO 5167-2:2003, 6.2 and Table 3.

General requirement for flow conditions at the primary dévice

comments on this subclause.

Flow conditioners

mmetry are sometimes visible in the coating, if\present, on an orifice plate. A typical herri
vron pattern that may be seen on a plate that has been in service for some time may indicate t

at the orifice plate may be swirling or asymmetrical. Swirl has a greater effect on measurement thg

fluig

dynamic mechanism and, although straight lengths of pipe will eliminate swirl, decay may

poth sides of the orifice plate should conform to the minimum requirements{of. upstream and ¢

allation.

Table 3 or
practice to

jths of pipe
ownstream

nould be noted that although swirl is generally not(detectable in visual inspection of the pip¢, swirl and

hg bone or
hat the flow
n any other
occur very

slowly and the swirl may persist over considerable distances. The use of straight lengths of pipe o eliminate

swifl is questionable, especially in large” pipe sizes, as the decay of induced swirl from copnmon pipe

conpponents may not be sufficient to ‘ensure fully developed profiles within the minimum lengths|required in
the ftables.

Floyv conditioners are stronglyyfecommended for use downstream of a metering system headerf and in the

follgwing circumstances:

a) | where the upstréam fittings or arrangement of fittings are not defined in the tables;

b) [where a primary device of high f ratio is to be used for a given fitting, a flow conditioner which has passed
the compliance test may reduce the upstream length necessary to achieve a good velocity prdfile, or may
improve-the velocity profile for a given straight length.

Malpy new flow conditioners have been developed since the previous edition of ISO 5167 published in 1991,

and TSU 5167-1:2003 describes compliance testing for flow conditioners.

Various flow conditioners and straighteners are described in ISO 5167-1:2003, Annex C and ISO 5167-2:2003,
Annex B, respectively. Not all of the conditioners described have been subjected to or have necessarily

pas

5.1.

sed the compliance testing procedure.

8 Uncertainty on the measurement of flowrate

In 1995, ISO in cooperation with BIPM, IEC, IFCC, IUPAC, IUAP and OIML published the Guide to the
expression of uncertainty in measurement (GUM). The content of this document and ISO 5168 should be
taken into account when performing uncertainty analyses.

©IS
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Any manufacturer's specification of error should be studied carefully to ensure that the limits of error are

known at th
a)

b)
operati

e measured value concerned. Some points to note include the following:

uncertainties are often expressed as a percentage of full scale or range;

ng conditions differ from reference conditions.

5.2 Guidance specific to the use of ISO 5167-2:2003

5.2.1 Scdpe

This part of ISO 5157:2003 is concerned solely with orifice plates and their geometry and installation.

necessary {o read ISO 5167-2 in conjunction with ISO 5167-1.

Orifice platg¢ meters with three arrangements of tappings are described and specified: flange\tappings; co
tappings; apd D and D/2 tappings.

5.2.2 Normative references

No comments on this clause.

5.2.3 Terms, definitions and symbols

No comments on this clause.

5.2.4 Principles of the method of measurement and computation

The density and viscosity of the fluid can be measured;(see 6.4) or calculated (see Annex B) from the

composition. A number of computer programs are available for carrying out the calculation of density

viscosity. In
the flow cal

5.2.5 Oriflice plates

5.25.1 1

5.2.5.1.1

No comme

5.2.5.1.2

5.2.5.1.2.1

uncertainties are often defined at specified reference conditions. Additional uncertainties may arise when

the case of a compressible fluid, the isentropic exponent at working conditions is necessary
culation and this can be calculated from‘gas composition.

Description

General

hts on this subgclause.

Generalshape

N6 comments on this subclause.

tis

fner

gas
and
for

5.2.5.1.2.2

[N + Py hal
O UIT U1Imo ouvLiduotT.

5.2.5.1.2.3

INU CUTTITITOTT

Referring to Annex C, three factors need to be taken into consideration in designing an orifice
plate to avoid excessive deformation.

First, the mounting arrangements should not impose any forces on the orifice plate which would cause

the limit of 0,5 % slope given in ISO 5167-2:2003, 5.1.3.1 to be exceeded under the condition of no
differential pressure.

Secondly, the thickness of the plate, E, should be such that, taking account of the modulus of elasticity of

the plate material, the differential pressure for the maximum design flowrate should not cause a 1 % slope
to be exceeded. When the flowrate is reduced to zero, the plate will return to the original maximum 0,5 %

slope.

© 1SO 2008 — All rights reserved
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— Thirdly, it is necessary to ensure that, if it is possible for differential pressures in excess of those for
maximum design flowrate to be applied, plastic buckling (i.e. permanent deformation) will not occur.

For the first point, great care is needed in both the design and manufacture of the mounting arrangements.
Single or double chamber mounting devices are satisfactory. When mounting orifice plates between standard
flanges, the flanges shall be at 90° + 1° to the pipe axis. The pipe sections on both sides of the orifice plate
should be adequately supported to ensure that no undue strain is placed on the orifice plate.

For the second point, it should be understood that elastic deformation of an orifice plate introduces an error in
the flow measurement results. As long as the deformation does not exceed the 1 % slope required by
ISO 5167-2:2003, 5.1.2.3, no additional uncertainty will result. Theoretical and experimental research (see
Reference [13]) indicates that the maximum change in discharge coefficient for a 1 % slopg is 0,2 %.
Therefore, orifice plates that conform to the 0,5 % slope specified in ISO 5167-2:2003, 5.1.3.1 caf deform an
additional 0,5 % slope (i.e. 0,1 % change in discharge coefficient) whilst still conforming to the reqyirements of
this|subclause. Table 3 tabulates the plate thickness to plate support diameter ratios (E/R’).for various values
of A4 and differential pressures, valid for an orifice plate manufactured from AISI stainless steel 304 jor 316, and
simply supported at its rim.

Table 3 — Minimum E/D' ratios for orifice plates manufactured in AISI 304 or AISI 316 stain|ess steel

Ap for maximum flowrate
B kPa
10 30 50 75 100 200 400
0,2 0,009 0,011 0,013 0,014 0,014 0,016 0,018
0,3 0,010 0,013 0,015 0,016 0,017 0,020 0,022
0,4 0,010 0,014 0,016 0,018 0,019 0,022 0,025
0,5 0,010 0,014 0,016 0,018 0,020 0,023 0,027
0,6 0,010 0,014 0,016 0,018 0,019 0,023 0,026
0,7 0,009 0,012 0,014 0,016 0,017 0,020 0,024
0,75 0,008 0,011 0,013 0,014 0,016 0,018 0,021

Talle 3 is based on the usg-of Equation (5) when 100 Ag, /g,, is not to exceed 0,1 in magnitude and
E* 4193 x 10° Pa:

r 2 r
10024m _ _ 4P (2] [ag—b] 5)
dm £\ E E

where

a="£(13,5-15,5p);

b= 117 - 106 g':3;

E* is the modulus of elasticity of plate material;

D' is the plate support diameter (this may differ from pipe bore D);

E s the plate thickness.
For the third point, the maximum differential pressure (which can be greater than Ap in Table 3) that could be
applied has to be determined by the designer. This could occur when the metering section is isolated and then

vented to reduce it to atmospheric pressure to enable the orifice plate to be removed for inspection, or when
pressurizing the metering section before putting into service.

© 1SO 2008 — All rights reserved 9
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To avoid plastic deformation (buckling), the orifice plate thickness should be such that:

Oy

%>J£(0,681—o,651ﬂ) (6)
where
Ap is the maximum differential pressure determined by the designer, in pascals (Pa);

o, is the yield stress of the orifice plate material, in pascals (Pa).

NOTE 1 For stainless steel, 0, = 300 MPa, but it is advisable to use a value of 100 MPa for design purposes.
The thickness of the orifice plate chosen should be whichever is the greater when determined| by
Equations (6) and (6), but should not exceed the 0,05D required in 1SO 5167-2:2003, 5.1,5:3" Should|the
calculationg indicate that the E required is greater than 0,05D, the designer should either@reduce Ap or ¢lse
introduce a|stronger material.

EXAMPLE
— Equation (5):

g 2

E* =193 GPa
Ap =%0 kPa (0,5 bar)
gives E[D’' > 0,013 from Equation (5) or Table 3.

— Equatiogn (6):

B =02
o = 00 MPa for stainless steel, but fordesign purposes it is advisable to use
o, = 00 MPa

Ap =100 kPa (1 bar) (see NOTE 2)
gives E[D' > 0,023.
Consequently, E/D' should be at least 0,023.

NOTE 2 00/kPa (1 bar) is the maximum anticipated differential pressure.

5.2.5.1.3 Upstream face A

5.2.5.1.3.1 Table 4 gives values of deflection of the inner edge of the orifice corresponding to the 0,5 %
slope for various pipe diameters and diameter ratios, g, assuming the deformation is rectilinear.

10 © 1SO 2008 — All rights reserved
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Table 4 — Plate flatness tolerances

Nominal diameter of the measuring pipe in millimetres
Y/ 50 | 100 | 200 | 300 | 400 | 500 | 600 | 700 | 800 | 900 | 1000
Maximum deflection % in millimetres for 0,5 % slope
0,20 0,10 0,20 0,40 0,50 0,80 1,00 1,20 1,40 1,60 1,80 2,00
0,25 0,09 0,19 0,38 0,56 0,75 0,94 1,13 1,31 1,50 1,69 1,88
0,30 0,09 0,18 0,35 0,52 0,70 0,88 1,05 1,22 1,40 1,57 1,75
0,35 0,08 0,16 0,32 0,49 0,65 0,81 0,97 1,14 1,30 1,46 1,63
0,40 0,07 0,15 0,30 0,45 0,60 0,75 0,90 1,05 1,20 135 1,50
0,45 0,07 0,14 0,27 0,41 0,55 0,69 0,82 0,96 1,10 1,24 1,38
0,50 0,06 0,13 0,25 0,38 0,50 0,63 0,75 0,88 1,00 1,13 1,25
0,55 0,06 0,11 0,22 0,34 0,45 0,56 0,67 0,79 0,90 1,01 1,13
0,60 0,05 0,10 0,20 0,30 0,40 0,50 0,60 0,70 0,80 0,90 1,00
0,65 0,04 0,09 0,18 0,26 0,35 0,44 0,52 0,61 0,70 0,79 0,88
0,70 0,04 0,07 0,15 0,22 0,30 0,38 0,45 0,52 0,60 0,67 0,75
0,75 0,03 0,06 0,13 0,19 0,25 0,31 0,38 0,44 0,50 0,56 0,63
Refgrence [13].
5.2)5.1.3.2 The roughness criterion in this subclause may not be adequate to ensure that the edge
sharpness requirements of 1ISO 5167-2:2003, 5.1.7-2 can be achieved. It is recommended that|Ra < 10~%d
should be used. The roughness of the orifice bore 'should conform to the same criterion.
5.2)5.1.3.3 It is very important that the(bevelled side of the plate (if applicable) is located downstream. If
the |plate is inserted with the bevel upstteam, the flowrate can be as much as 20 % underestimatgd. It should

be mormal practice to mark the plate, if practical, to indicate the upstream face in such a way that {he marking

can|be seen when the plate is installed.

Ong¢ common method of identifying the upstream face where the orifice plate is installed between flanges is to

instpll a “paddle plate” where the critical details are engraved on the handle which extends from

joint.

In o circumstancés)should the upstream face of the orifice plate within diameter “D” be inden

maiking.

5.2/5.1.4_<Downstream face B

No cémments on this subclause.

5.2.5.1.5 Thicknesses £ and ¢

No comments on this subclause.

5.2.5.1.6 Angle of bevel

No comments on this subclause.

5.2.5.1.7 EdgesG,Handl

5.25.1.71 No comments on this subclause.

© 1SO 2008 — All rights reserved
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5.2.5.1.7.2

exceptional

The last paragraph of this subclause requires the edge radius to be measured should there
be any doubt that it conforms to the requirements of I1SO 5167-2:2003, 5.1.7.1 and 5.1.7.2. In those

cases, some suitable techniques are given below.

a) Casting method (see Reference [8])

A replica of the edge is produced using a casting technique. The casting is made in two stages, firstly with
a coloured cold-forming plastic which takes up a negative form of the orifice plate edge, and then backed
with a semi-transparent epoxy resin taking the place of the orifice plate. The completed casting is cut into
two halves exposing the replica of the orifice plate edge, polished and photographed with magnification.
The edge condition can then be measured.

b) Lead fcl)il impression method (see Reference [8])

An im(
lead fd
indentd
equip

then b

c) Paper

This in
reprod

ression of the edge is made by pressing lead foil, 0,1 mm thick, onto the orifice plate ‘edge.
il is held in a micrometer controlled inspection gauge and pressed onto the edge to give
tion 0,172 mm deep. The indentation is examined using a projection micrescope or sin
ent where the image is magnified, and a tracing of the outline is drawn. The“edge condition
measured.

Fecording roughness method (see Figure 2)

strument records on a magnified scale the movements of a tracing stylus. To obtain an enlar
iction of the orifice edge, the paper speed should be chosen-equal to the driving velocity times

magnifjcation of the transverse movements. To establish the cerrect edge radius of the orifice, the

radius
the de
tip radi

When edg¢g

pf the stylus has to be subtracted from the edge radius méasured from reproduction and divide
jree of magnification. It should be noted that the finitesdimensions of the stylus, such as tip an
us and stylus length, can invalidate the measurement'or conceal irregularities on the edge.

sharpness is to be measured, it should be in.atlleast 4 positions, equally spaced around the b

When a defect is visible to the naked eye, the edge sharpness should also be measured at this point.

Interpretatipn of the edge profile, whatever the-reproduction technique, is a matter of expert judgem

Standard nj
to all the re

All edges Iy
considered

achining practice can cause the profile to be very irregular, even though the orifice plate confo
Huirements for dimensions and surface roughness.

ing within the shaded region)of Figure 3, with an additional margin for surface roughness, car
as acceptable. Some surface roughness is tolerable in accordance with ISO 5167-2:2003, 5.1,

but very irrggular edges should bé rejected.

A simple W
Figure 4) rdg

ay of estimating-the actual edge radius is by comparing the profile with curves (see example
produced on a transparent foil.

Edge sharpness mgasurement is a specialist activity. There are laboratories in many countries that

capable of
Reference

measuring edge sharpness to the standard required in 1SO 5167-2:2003, 5.1.7.2.
8].

The

an
hilar
can

ged
the

tip
| by
gle,

pre.

ent.
rms

be
3.2,

are
See
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recorded movement
driving movement
stylus

traced path

square edge

R = edge radius

N o ok WN -

radius

Figure 2 — Paper-recording roughness method

© 1SO 2008 — All rights reserved
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Figure 3 — Maximum edge radius

/ RN

Figure 4 — Edge radius curves

5-2-5-1-7-3 I’\‘IIU CUTTITTICT ItO UTT th;O oubblauoc.

5.251.74 No comments on this subclause.

5.2.5.1.8 Diameter of orifice, d

5.2.5.1.8.1 Because of the uncertainty of the discharge coefficient, and strict requirements on eccentricity,
pipe roughness and upstream straight lengths, the user is advised to remain below a diameter ratio, 5, of 0,6

for the most accurate measurements.

5.2.5.1.8.2 No comments on this subclause.
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5.1.8.3 To enable the requirements of this subclause (i.e. 0,05 % difference) to be shown to have

n met, it is necessary to measure or compare with an uncertainty of at most 0,02 %.

5.1.9 Bidirectional plates

5.1.91 A symmetrical plate is intended to be used for the measurement of a fluid that may flow in
either direction. Such a plate should not be bevelled.

The thickness, E, of the plate should then not be greater than 0,02D. As a consequence, symmetrical plates
should only be used with low values of differential pressure to prevent deformation (see 1SO 5167-2:2003,

5.1

5.2,

5.2,

Sub

2.3)
5.1.9.2 The appropriate tappings for the direction of flow should be used.

5.1.10 Material and manufacture

clause 5.1.6.1.3 gives some information on the most commonly used materials)and their chara

5.2,

Thig
and
Tap
“set

conpply with this will result in an inaccurate measurement.

Thi

(se¢ Figure 5). Moreover, if they are of different types, (€.g. flange and D and D/2), they should be

leas
ang

5.2 Pressure tappings

5 subclause means that pressure tappings have to be installed asfollows: at least one upstre
one downstream tapping of the same type, i.e. D and D/2, flandge or corner (see ISO 5167-2:2]
pings of several types may be installed at the same location® In such cases, each type of ta
") will be totally independent from the others: the various setsishould not interfere in any way a

5 implies that, on the same side of the orifice plate,,séveral tappings should not lie on the same|

t 30°. If they are of the same type (e.g. all flange), then no guidance on the acceptable offset
le is given. No tappings should affect the readings of any other tappings.

tteristics.

lam tapping
003, 5.2.1).
bping (each
hd failure to

axial plane
offset by at
in terms of

© 1SO 2008 — All rights reserved
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a) Example of incorrect positioning

b) Example of correct positioning

Key

1 pressurge tappings

Figure 5 — Relative position of pressure tappings of different types

5.2.5.3 Coefficients and corresponding uncertainties of orifice plates

No comments on this subclause.

5.2.5.4 Pressureloss, Ao

Figure 5in ISO 5167-2:2003 does not take account of frictional pressure losses in the pipe.

AT, as shown, is appropriate for a gas metering system.

16 © ISO 2008 — All rights reserved
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6 Installation requirements

6.1 General

No comments on this subclause.

5.2.

6.2

fittings and the orifice plate

No comments on this subclause.

Minimum upstream and downstream straight lengths for installation between various

5.2,

No

5.2,

NOT
spe
(1Sq
dian
resu

6.3 Flow conditioners

comments on this subclause.

6.4 Circularity and cylindricality of the pipe
[E To conform to the given specifications, the pipe lengths adjacent to the, primary device may
Lially machined. As no significant diameter difference may exist between the,various lengths of the me

5167-2), the ones adjacent to the primary device may have to be made of a.thicker pipe so that the co
neter can be obtained after machining a length of 2 pipe diameters upstream of the primary device. This
It in a measuring pipe having homogeneous dimensions.

5.2.
dia

6.4.1
eter measured in any plane does not vary by more than 0,3 % from the mean diameter

obtained by ISO 5167-2:2003, 6.4.2.

In addition to the diameters measured in three cross-sections to establish “D”, additional diameter
sured in at least each of two different cross sectjons at locations dependent on the device to bg installed:

me

Int
me

5.2]
the
leng

The
taki
loc4

!

0,5D and 2D for orifice plates with D andP/2 pressure tappings;
D and 2D for orifice plates with cornerand flange tappings.

ose cases where few cross-sections are used, a check should be made that no systematic var
sured diameters can be fodngd:

6.4.2 The value of {'D}; corrected for thermal expansion (see below), is that used for the con
diameter ratio. This‘value of “D” is also used as the basis for establishing the circularity of the
th of at least 2D _upstream and downstream of the primary device (see 1ISO 5167-2:2003, 6.4).

distance to-each of the measurement locations is expressed in terms of “D”, which is not kn
ng measurements at the prescribed locations. For the purpose of establishing the positig
tions,.itis permissible to take “D” as equal to the nominal bore of the pipe.

have to be
asuring pipe
rrect internal
method will

A check should be made so that, over a length~of 2D upstream of the primary g@levice, any

previously

5 should be

ation of the

hputation of
pipe over a

own before
n of these

Figire’6 gives an example for orifice meters where diameters are measured in only three diffq

rent cross-

sections:

A,, B4, C, for orifice plates with corner tappings;
A,, B,, C, for orifice plates with flange tappings;

A3, B3, C; for orifice plates with D and D/2 tappings.

In any case, individual diameters should be measured with an accuracy of at least 0,1 %, as the overall
tolerance is 0,3 % (see ISO 5167-2:2003, 6.4.1).

© 1SO 2008 — All rights reserved
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When the measuring pipe under flowing conditions is at a significantly different temperature from the one at
which diameter D was determined (this temperature is referred to as the reference or calibration temperature),
the expansion or contraction of the pipe should be taken into account in the computation of diameter ratio and
flowrate, using Equation (7):

D =Do[1+Ap(T -Tp)] (7)

where

D is the diameter of the pipe in flowing conditions;

D, is the diameter of the pipe at reference temperature;

Ap is the mean linear expansion coefficient of the pipe material;

T s fhe pipe temperature in flowing conditions;

Ty is the reference or calibration temperature.
The value fpr 1, should be obtained from the manufacturer of the measuring pipe.
Where autgmatic temperature correction is not required in the flow computer, the uncertainty for “D” included
in the ovefall uncertainty should be increased for the change in “D”dde to temperature variation (see

ISO 5167-1:2003, 8.2.2.4). An initial calculation may show that this additional uncertainty is small enougp to
be considefed negligible.

18 © ISO 2008 — All rights reserved
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Dimensions in millimetres

— 25,4

A3 B3 C3 A1 B1 C1
A2 | B2 C2

 J
A

Ao
Ao
A<

o A

A
 J

D1x

Key

1 | plate upstream face

Intefnal diameter D’to’be used in flowrate computation:

14 4 4
D= —[Z Dy, + Dy, +2 Dy,
1215 i i

n =1 for corner tappings
n = 2 for flange tappings
n =3 for D and D/2 tappings

Figure 6 — Measurement of internal diameter, D

5.2.6.4.3 It shall be noted that measuring the internal diameter at the ends of each section of pipe is not
sufficient to ensure conformity with 1ISO 5167-2:2003, 6.4.3. In addition, a check should be made to determine
that the different sections of pipe are properly mounted and do not have a step in excess of the limits given in
ISO 5167-2 when connected together. See Figure 7.
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The use of self-centring pipe joints is recommended. Consideration should be given to the use of tongue and
groove flanges, male and female flanges, dowel pins or spigot and recess.

Check that the maximum internal step

¢” between any two adjacent sections of pipe (A and B) more than

two

pipe diameters upstream of the primary device does not exceed the required value in ISO 5167-2:2003, 6.4.3,
where D is the mean pipe diameter computed over 0,5D (see Figure 6).

\

LT}

A

—

It is possib
reference p
or plane ar
reference p

The distandg
position of
be extende

Once coup
bridge the
plane. Two

If the pipe j
the pipe bo

Figure 7 — Inspection of measuring pipe sections

e to determine the step between coupled pipe lengths with sufficient accuracy by fixing exte]
oints whilst the pipe is uncoupled. Reference points can be ond{he extension of a matching p
d should be constructed in pairs, just over the joint, one onteach side of it. Four or six pair|
oints equally spaced around the circumference of the pipe joint will usually be adequate.

e from the pipe wall to the reference point should be measured while uncoupled. To determine
h reference point in space on the extension of a plane\[Figure 8 a), left hand side], the plane sh
d by a sliding reference piece.

ed, the distance between two reference points of a pair should be measured with a micrometer

or more measurements are then needed-to determine the distance between reference points.

e and centring device will produce equally accurate results. Examples are given in Figure 8.

3

rnal
ece
5 of

the
puld

To

jap, the micrometer is best fixed in a smooth plane fitting piece sliding over an equally smgoth

pints are self-centring, then the external reference points are not needed. Careful measurement of

20

a) Some possible constructions of reference points

Figure 8 (continued)
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Key|

o g WN -

b) Direct measurement of distance between reference points

. O

A

c) Indirect measurement of distance between reference points

smooth plane
reference points

fixed reference piece
inside pipe wall

sliding reference piece
smooth plane

Figure 8 — Measurement of steps between pipe lengths

If a flow conditioner is included upstream of the orifice plate, then the pipes on either side of the conditioner
should be in conformity with ISO 5167-2:2003, 6.4.3 and a method of aligning the pipes and centring the flow
conditioner should be used.

5.2.6.4.4 No comments on this subclause.

5.2.6.4.5 No comments on this subclause.

5.2.6.4.6  No comments on this subclause.
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5.2.6.5 Location of orifice plate and carrier rings
5.2.6.5.1 No specific comments on this subclause.
5.2.6.5.2 Table 5 and Figure 9 show the maximum distance e, between the centre-line of the orifice and the

centre-line of the pipe on the upstream and downstream sides, in the direction parallel with the axis of the
pressure tappings, as a function of a diameter ratio, 5, and of the pipe diameter, D, for no additional error.

Table 5 — Maximum distance ¢; between the orifice centre-line and the centre-lines of upstream and
downstream pipe sections in the direction parallel with the axis of the pressure tappings, in millimetres

D
s mm
100 150 200 300 400 500 600 700
0,20 2,41 3,62 4,82 7,23 9,65 12,06 14447 16,88
0,25 2,29 3,44 4,59 6,88 9,18 11,47 13,76 16,04
0,30 2,11 3,16 4,21 6,32 8,43 10,54 12,64 14,75
0,35 1,86 2,79 3,72 5,58 7,43 9,29 11,15 13,01
0,40 1,57 2,36 3,15 4,72 6,29 7,87 9,44 11,01
0,45 1,29 1,93 2,57 3,86 5,15 6,43 7,72 9,01
0,50 1,03 1,54 2,05 3,08 410 5,13 6,15 7,18
0,55 0,81 1,21 1,61 2,42 3;22 4,03 4,83 5,64
0,60 0,63 0,94 1,26 1,88 2,51 3,14 3,77 4,40
0,65 0,49 0,73 0,98 1,47, 1,96 2,45 2,94 3,43
0,70 0,38 0,57 0,77 1,15 1,53 1,92 2,30 2,68
0,75 0,30 0,45 0,60 0,91 1,21 1,51 1,81 2,11
5.2.6.6 Method of fixing and gaskets
To avoid flpw measurement errors’due to incorrect centring, great care should be given to the design of| the
system holdling the primary element in the pipe.
To conform to the requirements of centring and fixing the primary device, it may be necessary, in many
practical sifuations, tosdésign a special fitting to suit the line size, type of fluid, pressure and temperafure
fluctuationd| of the fllid; ease of maintenance and operation, required accuracy and the system already in
existence.

If the primerry device can be made an integral part of the measuring pipe, the resulting installation car be
defined precisely, enabling flow measurements 10 be highly reproducible.

Other arrangements use pairs of flanges (slip-on or weld-neck) or special proprietary fittings. Annex C
illustrates recommended arrangements for orifice plates, which are equally valid for nozzles. When using
flanges, it is good practice to provide a pair of jacking screws in diametrically opposite positions.

Gaskets are cheap and easy to produce but they shall not protrude into the pipe at any point. It is
recommended that gaskets are not thicker than 0,03D. It is inevitable therefore that a recess is formed at this
point. The depth of the recess does not affect flow measurement, but it is necessary to maintain adequate
gasket material to ensure a leak-proof joint.

O-ring seals are easy to use and give a tight, smooth joint if manufactured correctly.
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Ring joints (self-centring and sealing) may produce a gap, depending upon the standard employed, and a
recess between sections. Provided the gap does not exceed 13 mm, tests have shown that flow measurement
will not be affected.

Care should always be taken to avoid unacceptable flexibility of the primary device mounting with respect to
the eccentricity and tapping point location tolerance (ISO 5167-2:2003, 6.5.3).

It should be stressed that good metering requires maintenance of the primary device within the tolerances of
the standard, thus necessitating inspection of the device from time to time. With some types of mounting for
orifice plates, it is impracticable to inspect the device and the installation without dismantling the pipework.
Devices enabling easy withdrawal and re-insertion of orifice plates to known tolerances may be the only

pragticable solution.
Seq Reference [16].
A
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Figure 9 — Maximum distance ¢, between orifice centre-line and the centre-lines of upstr¢am and
dgwnstream pipe sections in the direction parallel to the axis of the pressure tappings, as ¥ function
of-th i i i tio A3
of th 2

Oy

5.3 Guidance specific to the use of ISO 5167-3:2003

5.3.1 Scope

No comments on this clause.

5.3.2 Normative references

No comments on this clause.
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5.3.3 Terms and definitions

No comments on this clause.

5.3.4 Principles of the method of measurement and computation

No comments on this clause.

5.3.5 Nozzles and Venturi nozzles

5.3.51 ISA 1932 nozzle

No comme

53.5.2 |

For a set of
of C as give

See Referg

hts on this subclause.

Llong radius nozzles

nce [13].

5.3.5.3 VYenturi nozzles

5.3.5.3.1

No comme

5.3.5.3.2

No comme

5.3.5.3.3
5.3.5.3.3.1
5.3.5.3.3.2

5.3.5.3.3.3

5.4 Guig

General shape

hts on this subclause.

Material and manufacture

nts on this subclause.

Pressure tappings
No comments on this subelause.

No comments on this-subclause.

ance specific to the use of ISO 5167-4:2003

5.41 Scdpe

No comme

nts_on this clause.

There should-be“equal angles between the centre-lines of adjacent tapping points.

modern low-ratio nozzles with Rz ~ 10~° d, the discharge coefficients are muehicloser to the value
n by ISO 5167-3:2003, 5.2.6.2 than would have been expected from 1SO,56167-3:2003, 5.2.7.1.

5.4.2 Normative references

No comments on this clause.

5.4.3 Terms and definitions

No comments on this clause.
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4 Principles of the method of measurement and computation

No comments on this clause.

5.4.

5.4.

5 Classical Venturi tubes

5.5 Discharge coefficient, C

For high Rej,, even within the criteria in 1ISO 5167-4:2003, and for very accurate measurement, calibration is

adv

isable.

6
(al

6.1

6.1.

Theg

6.1
At
atte
to 4

a)

Information of a general nature relevant to the application of ISO 5167:20
parts)

Secondary instrumentation

1 General

definition of primary/secondary devices is stated in the Introduction to ISO 5167-1:2003.

2 General requirements concerning installation of secondary instruments

pical orifice-plate measuring system is shown in Figure*10. When installing the instrume
ntion should be given to the manufacturer’s specifications. The following general rules should
void significant errors in the performance of the secandary instrumentation close to the primary

The instrumentation should be installed so_that no mechanical stress is imparted by the
mounting or the connection to the impulse pipes.

The installation should be free from-mechanical vibration within the limits of the ma
specification.

The pressure signal connectidn line shall not have a resonant frequency within the band width
noise (see I1ISO 5167-1:2003,6.3.1).

The instruments should be placed in an enclosure where the temperature is contrg
environmental conditions are sufficiently variable to introduce significant errors into the
instrumentation,

hts, careful
be followed
element.

method of

hufacturer's

of pipeline

lled if the
secondary
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1  differenfial pressure transmitter
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3  flow computer
4  orifice fltting
5 density|meter
6 temperature transmitter
7  pocket
8  orifice glate
9  temperature, sensor connection
10 meter the per international standard

a Flow direction.
b Sample flow.

Figure 10 — Typical metering device installation
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Measurement of pressure and differential pressure

6.2.1 General

For a complete treatment of the subject of pressure-signal transmission, reference should be made to

ISO

2186. However, some of the problems that demand special care are briefly mentioned below.

6.2.2 Connections for pressure signal transmissions between primary and secondary elements

6.2.2.1 General

The
pre

by the following:

a temperature difference between the two pressure pipes;

the presence of gas bubbles, liquid droplets or solid deposits in either or bath pressure pipes;
the congealing or freezing of the liquid in the pressure pipes.

se requirements are met by the following:

attending to the location of the meter and the size and run.of‘the pressure pipes;

providing gas vents and liquid catchpots or water seats;

employing a sealing liquid of suitable propertiesto transmit pressure from the fluid in the pipe

in the manometer or instrument (see Figure 14<and Figure 12). (This method is not used much
but is still valid.)

2.2 Isolating valves (see ISO 2186)

eneral:

Suitable isolating valves/should be provided in the pressure pipes. The choice and location o
is the responsibility of-the designer.

A ball valve should,be used for fluids liable to form a sediment.

pressure pipes (impulse lines) connecting the tappings of the primary device to the manonleter or the
ssure difference meter should be arranged so that no back pressure or false pressure differen

Ce is set up

o the liquid
these days,

F the valves
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pressure tappings and valves
filling cgnnection
level-dgtermining connection
sealing|liquid

metered liquid

sealing|pot

0 N O g b~ WOWDN -

equalizing valve

Q

To differential pressure transmitter.

Figure 11 — Sealing chambers — Metered fluid heavier than sealing fluid

Key

1 filling connection 5 sealing pot

2 level-determining connection 6 equalizing valve

3  metered liquid

4  sealing liquid a To differential pressure transmitter.

Figure 12 — Sealing chambers — Metered fluid lighter than sealing fluid
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Condensation chambers

For specific fluids and conditions, such as steam, special connection arrangements, condensation chambers,

etc.

6.2.

6.2.

may be required. See ISO 2186 for details.
3 Pressure measurement devices

3.1 General

The accurate measurement of the differential pressure generated across a primary element is fundamental to

the

Int
neg
tot
dow

Wh

greqter and the need to measure this parameter accurately becomes more(acute. In many instarj

pre
The
calg
pre

megsured gauge pressure. However, when variations in atmospheric pressure result in a 0,1 %

maj
inst

6.2.

The
rare

tappings. The connection to the upstreamtapping may be routed to the differential pressure an

pre

The

gtcutatiorrof flowrateimacircutar cross=sectionmconmduit emptoyinmg orifice prates; mozziesor Ve

ne case of orifice plates, for the measurement of gas or where higher accuracy is requjred, for
pssary to determine the absolute static pressure of the fluid at the upstream pressure.tappings
ne calculation of the expansibility factor, the static pressure is required to determifie] as appn
nstream to upstream corrections for process parameters such as temperature and\measured d

bn density is calculated using an equation of state, the sensitivity of the static pressure mea

Esure transmitters are employed to measure the pressure of the fluid ‘at)the upstream pressu
absolute static pressure of the fluid is required for the flowrate ‘and referral calculations
ulated from gauge and ambient pressure measurements. Instead-of measuring the ambient
Esure it is common to add the conventional reference pressure of 101,325 kPa (1,01325

1turi tubes.

liquids, it is
In addition

ppriate, the

Ensity.

surement is
ces, gauge
tappings.

1end can be

barometric
bar) to the
change in

s flow, it is recommended that gauge pressure instruments are replaced with absolute pressure

fuments.

3.2 Pressure transducers

differential pressure across the primary device is most commonly measured using an electron
ly, a mechanical) transducer connected wia the impulse lines to the upstream and downstrea

ssure transducers when both units aré.installed as part of a metering device as illustrated in Fig
choice of pressure transduceridepends upon a number of factors which include the following:
the required accuracy of{thé ' measurement system;

whether the measurement is to be made continuously or intermittently;

the characteristics of the flowing fluid;

the datatacquisition system including the computation device;

thelrequired mounting and location for the transducer.

¢ (or, more
I pressure
d the static
re 10.

Mechanical pressure fransducers, whilst Tess common with the advent of flow compuiers, are still used in
many process applications. These units consist of an elastic element which converts energy from the pressure
system to a displacement in the mechanical measuring system.

The more commonly used electronic pressure transducers incorporate an electric element which converts the
pressure to an electrical signal which can be easily amplified, corrected, transmitted and measured.
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EXAMPLE

— piezoelectric pick-up devices,

— strain gauges,

— slide wire potentiometers,

— differential capacitance devices, and

— variable reluctance devices.

Examples of some electronic pressure transducers are

The declarg¢d accuracy and operating characteristics of the electronic pressure transmitters vary consider

bbly

from type tp type but with the advent of the “smart transmitters”, operating in digital mode, uncertaintiep of
< 0,1 % of the upper range value are claimed. Typical characteristics of electronic pressure transducers|are
given in Taple 6.
NOTE Table 6 should be regarded as a simple guide. Quoted values are orders of magnitude®
It should b¢ noted that differential-pressure transducers may be sensitive to changes' in both static presgure
and ambient temperature, unless automatic compensation arrangements are included within these units.
Table 6 — Characteristics of electrical pressuretransducers
Type
Paramegter Variable - Bonded Thin film .
Capacitive ) - Piston gauge
reluctance strain gauge strain gauge
Uncertainty 0,1 % of
% of full range <1 <02 0.5 0.25 measured value
Max. pressyre 2 000 kPa bar 7 500 kPa 30 000 kPa 30 000 kPa 8 000 kPa
range (diffefence) (20 bar) (75 bar) (300 bar) (300 bar) (80 bar)
Acceptable pver-
range pressure x2,5 x1,5 x1,5 x2 x1.5
Full scale 4 .
output (V) 0,1 1 V1200 Q <0,03 < 0,03 10" pts digital
Resonance <10 100 <5000 10 000 1
frequency (IHz)
Temperaturp ~20.§0 100 —251t0 90 ~35t0 90 50 to 120 10 to 30
range (°C)
6.2.3.3 Pressure calibrators

As with all Secondary instrumentation, the pressure transducers (differential and static pressure) shoul

be

calibrated at regular intervals for optimum accuracy. There are a number of devices currently available for this
function, the selection of which will be dependent upon the application of the metering devices and the types
of transducer in service.

Those generally available are pressure balances, manometers, piezo-resistive sensors and precision Bourdon
gauges. Some pressure calibrators, notably those operating on the pressure balance principle, can prove
extremely difficult to operate in a non-stable environment. The performance of some of the most common
calibration devices is indicated in Table 7.

NOTE Table 7 should be regarded as a simple guide. Quoted values are orders of magnitude.
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Table 7 — Characteristics of precision pressure-measuring devices

Type

Range
kPa
(bar)

Uncertainty

Pressure balance (deadweight tester)

0,05 to 50 000
(0,000 5 to 500)

0,01kPa to 0,05 % of reading
(0,1 mbar to 0,05 % of reading)

Servo manometer

0,5 to 400

Corresponding to 0,025 mm of liquid

{0,005 0 4,0)

column height

Preg

0,05 to 100 000
(0,000 5 to 1 000)

cision Bourdon gauge 0,1 % of full scale

6.2)3.4  Calibration of pressure transducers

To feduce the effects of ambient temperature changes to a minimum, it is reeemmended that thq differential
and static pressure transmitters be installed in temperature-controlled enclésures.

Stafic pressure transducers are usually calibrated in situ against an appropriate pressure calibrafor selected
for {he specific function.

Differential pressure transmitters are often calibrated at atmaospheric pressure, again using a calijrator which
is deemed suitable for the purpose. For optimum accuracy, a transmitter should ideally be cplibrated at
opefrating pressure. It is common practice to use a high-static deadweight tester for this application

As |previously stated, a high-static calibration may~hot be possible due to less than ideal enyironmental

con

ditions or background vibration at the worksite. If this is the case, a correction for static pr

bssure shift

effgct should be applied either mathematically(or via an interim calibration option such as “footprinting”.

Theg “footprinting” method referred to above involves the off-line calibration of the transducer in @ controlled
envjronment and the subsequent production of an atmospheric “footprint” which is used as a datum at the
worksite for the periodic checking of the transducer against test equipment which is less environmentally
sengitive than a high-static deadweight tester.

6.2)3.5 Damping of pressure signals

Seq Annex B of ISO/TR*3313:1998.

6.3] Measurement of temperature

6.3]1 General

Th temperature at the upsiream pressure fnpping is needed-inorder to determine the dnncify and Viscosity of

the

fluid and to apply correction for thermal expansion of the device and the pipe.

The temperature of the fluid should preferably be measured downstream of the primary device.

6.3.

2 Fundamentals of measuring the temperature of a moving fluid

Since any immersion temperature probe only measures its own temperature, the problem is to ensure that the
representative temperature in the fluid is the same as the temperature at the measuring probe. Heat can be
transferred by conduction, convection and radiation.

Except for great temperature differences, most of the heat is transferred from the fluid to the temperature
probe by conduction and convection.
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When the probe is inserted into the moving fluid, the boundary layer will tend to resist the transfer of heat to
the probe and, at the same time, heat will be lost to the surroundings via the probe. The latter effect can be

reduced by

using thin wire leads and applying thermal insulation.

It may be necessary to mount the thermometer probe in a thermowell to protect the probe from the adverse
effects of “corrosion”, vibration and excessive pressures, as well as to insulate it from electrically conductive
liquids. The use of thermowells gives easy access to the probe unit. See Figure 13.

Temperature measurement in gases is more difficult than in liquids because of

— the relativity poor heat transfer between the gas and the probe, as compared with the transfer of heat

betwesq
— the pog
If it is not g

the pipe w
recommeng

Key

a8  Asthis
b Forging.
¢ Radius

n the probe and its surroundings, and
sibility of rapid fluctuations in temperature within the gas.
ractical to insert the thermometer probe into a thermowell and if the heat transfer, from the ga|

bll is good, then a sensing device clamped to the wall may be used. This arrangement is
ed for high-accuracy applications.

ength is important, it is essential that it is checked.

carefully designed to minimize stresses.

S to
not

Figure 13 — Example of thermowell design

6.3.3 Sensor installation

See ISO 51

67-1:2003, 5.4.4.1.

6.3.4 Precautions for accurate measurement

6.3.4.1  Sensor position and installation configuration

In general, the sensor or thermometer should be mounted perpendicular to the pipe wall, as illustrated in
Figure 14 a). Severe vibration of the probe can result from the fluid flow around the inserted probe, using this

installation.

32

Care should be used in locating this probe.
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This insertion depth of the sensor (N in Figure 14, measured from the inner wall) should be such that the
sensor is in the middle third of the pipe. This is not always possible for smaller and larger pipes.

6.3.4.2 Use of radiation shield

The effect of thermal radiation can be reduced by developing a piping arrangement to move the thermowell
out of the direct sight line of the radiating body. A highly polished thermowell will reflect a maximum of radiant

energy.

6.3.4.3  Electrical isolation of the temperature transducer

Elegtrical isolation prevents disturbances due to variations in the insulation resistance of the sensirng elements.

Thgse are caused by high temperature in the case of thermocouples, and by moisture and(other electrolytic

impurities penetrating into the junction box in the case of resistance bulbs. The choice between |an isolated

tranisducer and one without isolation is determined by the operating conditions. If exceptional rejiability and
acclracy are required from the measurement, isolation is recommended. If the conditions remain|reasonably

constant and the measuring point is not particularly critical, transducers, without isolation, can be used with a

conkiderable saving in cost.

6.3/5 Restrictions on thermowells

When positioning and installing thermowells, the following provisions should be observed.

a) | Where a number of thermowell pockets are to be found in‘¢€lose proximity to each other, carg¢ should be
taken not to install them in line. This is to prevent the downstream probes being subjected to pnduly high
stresses as a result of vortex shedding and vibrations., The problems of vortex shedding can b¢ minimized
by spacing the thermowell pockets radially around the pipe.

b) | The immersion length of the well has to be atdeast ten times the diameter of the well to mininpize the risk
of conduction error.

c) | For smaller pipes, where dimension ‘N-[in Figure 14 a)] becomes larger than 3/4 of the norinal inside
diameter of the pipe, the positions-illustrated in Figure 14 b) and Figure 14 c¢) should be used.

d) | For larger diameter pipes, where' thermowell lengths exceed 100 mm, strength and vibration ¢alculations
are required if high densityfluids are being measured. Air between the element and well is g very poor
conductor of heat and results in measurement errors due to stem conduction. The second ffect is an
increase in the respanse time of the element. Liquid filling has been used to fill the empty space. Some
heat transfer greases have been used; these materials are widely used in the electroni¢s industry.
Problems are assaciated with the fact that these greases have little or no lubricating effects|and in fact
are reported td0.cause threaded connections to seize together. The greatest improvement in heat transfer
between the'thermowell and the sensitive element is obtained by closely controlling the tolergnces of the
element’shoutside diameter and the well’s inside diameter, ensuring the minimum extra| clearance.
Another-method is to use a spring-loaded contact between the sensor and the well.

e) | Undue projection of the well outside the pipe should be avoided.

f)  The part of the thermometer projecting outside the pipe should be insulated if the temperature of the fluid
differs from that of the ambient air. The adjacent pipe walls should be insulated in accordance with
ISO 5167-1:2003, 6.1.9.

g) The mouth of the well should be closed to minimize loss of heat by convection, especially at high
temperature.

h) Care should be taken regarding external temperature conditions including heat transfer due to radiation
and ambient temperature.
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6.3.6 Additional precautions in the case of fluctuating temperatures

If the temperature of the fluid is not constant, the accuracy of measurement depends also on the rate of heat
transfer from the fluid to the temperature-sensitive element. The following precautions should be taken to
reduce the time lag in response:

— the wall of the well should have a moderately high thermal conductivity and the surface in contact

with the fluid should be kept clean;

— the temperature-sensitive portion of the thermometer should be small in size and of low mass and of
low heat capacity

6.3.7 Delices for temperature measurement

There are
the most ca

The choice
the accura
summarize

NOTE 1
magnitude. §

h wide variety of temperature-measuring devices based on different operating principles. Am
mmon are liquid-in-glass thermometers, thermocouples and resistance thermometers.

of thermometer shall be based on knowledge of the measured media, thetemperature range
cy and reliability required. Some of the main characteristics of various thermometers
J in Table 8.

ong

and
are

Table 8 should not be regarded as complete, but rather as a simple, guide. Quoted values are ordefs of
bee also IEC 60584 for thermocouples and IEC 60751 for industrial platinum resistance thermometer sens

ors.

NOTE 2  Temperature sensors tend to be sensitive to mechanical vibration,
Table 8 — Main characteristics of different types of temperature sensors
Type Materials Rangg Uncertainty Comments

°C °C

Liquid-in-glgss Mercury <39 to 600 0,05 Toxicity; fragile

Liquid-in-glgss Alcohol ~100 to 50 0,1 Fragile

Thermocouples Pt-Rh/Pt 0 to 1500 1

Thermocouples Cu/Const -200 to 350 0,5

Thermocouples Fe/Const -200 to 600 1,5

Thermocouples Chromel/Alum -200 to 1000 1,5

Resistance Pt -200 to 600 <0,2

Resistance Ni -100 to 200 0,5

Resistance Cu -100 to 200 0,5

Thermistor Semi-conduct -200 to 200 0,2
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b)

T)

Figure 14 — Installation of immersion temperature probe

6.4 Determination of density

6.4.1 General

The density of the fluid can be either measured directly or calculated from the knowledge of static pressure,
temperature and characteristics of the fluid using an equation of state at the chosen reference plane.
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The density of liquid at flowing conditions may be determined from measurement or from reference sources
and corrected to the temperature at flowing conditions. The variation with pressure is so slight that it usually
may be neglected, depending on the application. Special care should be taken when working with fluids near
the point of vaporization.

The density of gas varies with temperature, pressure and composition. For moist gas, the density also varies
with the amount of water vapour present. Large errors can occur if sampling is used and the gas composition
changes or the temperature drops below the saturation temperature, causing the formation of liquids.

The most common techniques used for density measurement are the force balance and vibrating element
density meters. The fundamental characteristics of different density meters are given in Table 9.

NOTE Table 9 should be regarded as a simple guide. Quoted values are orders of magnitude.

Table 9 — Characteristics of densitometers

1 Range Span Uncertainty
[ype
kg/m3 kg/m3 %
Continuous jweighing 400 to 2 500 250 (max.) 0,1%1t0 0,3 %
of measured valug
Centrifugal {gas only) 1200 (max.) Variable 0,5 % of span
040M\(min.)
0 to 400 (gases)
0,1 (max.)
Vibration vane 0,1 % of span
0,1 (min.)
300 to 1 200 (liquid)
0,3 (max.)
0 to 400 (gases)
Vibrating tube as range 0,1 % of span

600 to 1 600

6.4.2 Insfallation of density transducers
Most of the|factors relevant to the satisfactory installation of density transducers are identical to those for other
field instrurhents; however, as the density transducer is essentially a sampling system, the installation ghall
also ensurg that:

a) the prgssure and temperature of the fluid in the density cell are as similar as possible to conditions af the
metering device;

b) the sample fluiddis)as clean as possible, free from particles and single-phase;

c) the conditions in the sample cell will not be significantly affected by ambient temperature, solar radigtion
or wind;

d) there is a sufficient flow through the density cell to enable an adequate response to be made to changes
in composition, pressure and temperature;

e) there are suitable facilities for maintenance and calibration of the transducer.

As with the installation of the temperature sensor, there is a conflict between the aim of knowing the density at
the plane of the upstream pressure tapping and the installation requirements of the relevant part of ISO 5167.
It is suggested that the density cell is installed downstream of the primary device either as an in-line probe or
in a sample bypass. If the first alternative is chosen, the distance from the primary device to the point of
installation shall be in accordance with 1ISO 5167-2:2003, Table 3 and ISO 5167-4, Table 1. For a nozzle or
Venturi nozzle, the density cell should be located in accordance with ISO 5167-3:2003, Table 3. Figure 15
illustrates this type of installation.
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The other installation method consists of bypassing or venting the fluid through the density cell. In this case
the high-pressure tapping should be located at least 8D downstream of the primary device. The low-pressure
return tapping should be located just behind the downstream face of the orifice plate. It should be ensured that
the density measurement does not interfere with the flowrate measurement. Figure 16 illustrates this type of
installation method. In this illustration, valve 7; should be a needle valve, adjusted to control the flow through
the densitometer in accordance with the manufacturer’s instructions. Valve 7, should be a full flow valve, such
as a ball valve, fully open to ensure that there is no pressure drop between the densitometer and the low-
pressure return tapping. In this “bypass” mode of operation, the density of the gas (p,,) is measured at p,
(downstream tapping pressure) and 75 (downstream recovered temperature). Equation (8) is an example of
an equation that may be used to calculate the upstream density:

_ PmP1I3Zp, 1)

P22y, 1) ©

where

P1 is the upstream density (at p4,74);

Prm is the measured density (at p,,73) from the densitometer in bypass mode;

)2 is the upstream pressure;

Do is the pressure at the downstream pressure tapping;

T, is the upstream temperature;

T5 is the measured temperature at the downstfeam recovery point;

Z(p, 1, s the compressibility at py, T};

Z(pzaTs) is the compressibility at p,, T5.

Listed below are some advantages and.disadvantages of both installations.
Advantages of an in-line probe:

1) Temperature and préssure are always at flowing conditions at the point of measudement, but
temperature and pressure still need correction.

2) The method is.suitable for both large and small pipelines.
3) The praobe‘can be removed while the line is in service if fitted with an isolating valve.

4) Theimethod minimizes contamination by condensates.

Disadvantages of an in-line probe:
ere is always the danger of the seal not holding wi € result that the probe could be ejected

from the line or leakage around the housing may develop. Added safety precautions shall be taken to
ensure safe operation.

2) A relatively long response time to changes in gas density occurs at low flowrates or static pressure
changes.

3) The probe is not easily removed from or inserted into the line when under pressure, if not fitted with
an isolating valve.

4) Main flow may be affected, causing a change in the orifice discharge coefficient.

5) There is no check facility on sample flow through the transducer.
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Advantages of a sample bypass probe:

1) Filtering or maintaining a filter in the stream if needed is easy.

2) The flowrate can be adjusted to comply with the accuracy of the instrumentation needed.

3) Access for maintenance and testing is easy.

Disadvantages of a sample bypass probe:

1) Large thermal mass may cause poor response time to temperature changes

2) Tgmperature and pressure could vary from flowing conditions, resulting in measurement erron. Both

S

3) Coandensation can occur in the instrumentation and affect the accuracy of the density reading.

de stream and transducers shall be provided with thermal insulation.

condensate trap may be necessary.

e
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Figure 15 — Direct-insertion-type density meter
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Figure 16 — Installation showing density meter installed in sample bypass meter mounted fin pocket

6.4)3 Additional method for the detérmination of the density of gas
Theg density of the gas can be computed from the real gas equation of state [ISO 5167-1:2003, 5.4.p].

When the composition and the)temperature and pressure of the gas are known, the only unknowr variable is
the [compressibility factor(When the compressibility factor of the gas is not known from published tables, the
valye has to be found from experiments. The more common techniques used are the expansion method and
the jweighing method“Accuracy of the compressibility factor in the range 0,1 % to 0,2 % can be obtained (see
Anrjex B).

6.44 Special consideration concerning gas density

If highsaccuracy is required, introduce a correction to compensate for the fact that the fluid entering|the density
transducer is not at the condition of the upstream pressure tapping. This correction shall be [made from
knowledge of the density variation caused by a change in pressure and/or temperature. An estimate of the
correction can be made from the real gas equation of state (see Annex B) and use of the Joule-Thomson
coefficient.

6.4.5 Special considerations concerning liquid density

For less accurate liquid density determination, it can be assumed that pressure has little influence on the
density. It is normally accurate enough to measure the temperature of flowing conditions (see 6.3) and find the
density at that temperature from tables. This is satisfactory as long as the composition is constant and within
the specification in the tables.
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When the liquid contains dissolved solids or gases, the specific gravity should be determined if accurate
results are required.

The pyknometer method can be used for checking continuous density measurements.

6.5 Electrical supply and electrical installations

6.5.1

Potentially explosive atmospheres

Reference should be made to IEC 60079-0:2007 for general requirements.

NOTE t is possible that reference should also be made to other parts of the IEC 60079 series.

6.5.2 Cahling

The specification for the cabling of electrical instrumentation will be defined by the instrunientation de

engineer and will be influenced by the type of instrument in question. Nevertheless, the following simple r

can be given:

a) signal gables should be as short as possible;

b) shieldgd cables which are earthed only at one point should be used;

c) weak gignals should be amplified before they are transmitted through the cables;

d) power [cables should be separated from instrument cables and should only cross instrumentation ling
right amgles;

e) signal lines should be shielded from electrical lines.

6.5.3 Ele¢tronic equipment

The installation of electronic equipment should” be carried out in accordance with the Code of Prag
appropriate

40

for the intended use.
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Annex A
(informative)

Principles of measurement and computation

Formulae

A1

.1 General

In gl formulae, d, D and g refer to actual flowing conditions. In particular, when the flowing*‘temperature differs

from the temperature at which these dimensions were measured (usually 20 °C), the-valtes shall b

for

hermal expansion (see ISO 5167-1:2003, 5.4.4.1).

An explanation of the symbols used can be found in ISO 5167-1:2003, Clause4.

A1

Sub

Sub

A1

The
whe

.2 Formulae common to all devices
Mass flowrate: g, = —ﬂ4]_0'5 Cg%dz[ZApm]O'S
: _9m _4m
Volume flowrate: qyq1=—" Or qyp =——
P1 PR
TphZ
where P = pRM
PrT1Z4

script “1” refers to the flow condition at the upstream pressure tapping cross-section.

script “R” refers to given conditions of pressure and temperature.

ViD _ 44y _ 44y
vy wDuqy  7wDvy

Reynolds number: Rep =

.3 Limits of.use of primary devices

n certain quantities lie within given limits.

The

se’limits of use are recalled in Table A.1.

formulagé. given for C and ¢ in all parts of ISO 5167 for the various primary devices can be 2

e corrected

pplied only

A.2 Example of computation

A.2.1 General

Four detailed examples are shown below which deal with a compressible fluid and the discharge coefficient

dep

©IS

ending on B and Rey,.
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As will be seen later, it may be convenient to consider the discharge coefficient C as the sum of two terms,
C=C, + Cg,, Where C_ is the discharge coefficient obtained for an infinite Reynolds number. Table A.2 shows
the formulae giving C,, and Cy, for each type of device.

Reference should be made to the table of iterative computations in ISO 5167-1:2003, Annex A.

Depending on the quantity which is to be calculated, additional equations derived from Equation (A.1) may be
useful. Table A.3 shows the equation needed in the four types of problem usually encountered together with
the quantities which have to be known to perform the calculations.

In all examples, 10-digit numbers are listed which is much more accurate than can be justified for practical

purposes, |

ut which can be helpful when checking the accuracy of the computer programs.

In each cage, the aim is to solve an equation f(X) = X; so if X; is the ith approximation to the true answer d|can

be defined

Bs f(X;) — X; and the iterative algorithm in Annex A of ISO 5167-1:2003 becomes

_ I:f(Xn)_Xn](Xn _Xn—1)

X, 1=X
" " f(Xn)_Xn_f(Xn—1)+Xn—1

An initial vglue, Xy, is required; then X, = f(X,); then the above equation can be usédyforn =2, ...

Equation (A

where

Then, give
Equation (A

.5) can be rewritten as

Xpsr =(1-E,)f(X,)

_ (f(Xn)_Xn)[f(Xn—1)_f(Xn):|
" f(Xn)[Xn+f(Xn—1)_.f(Xn)_Xn—1:|

N an initial value, X,, Equation (A.6) can be used for subsequent iterations with £,=0
J)forn=2, ...

and

42
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Table A.2 — C_ and Cy, for orifice plates for D > 71,12 mm: C= C, + Cp,

. . Equation
Type of device Equations number
Coo = Coo,corner + Coo,L
C.pcomer = 0,5961+0,026142 —0,2165°
4 A.8.1
C.,.; =(0,043+0,080e %41 _0,123¢ " )1[’)—4 (A8.1)
’ -p
' v 11\ 213
Orifice plates -0.031(M', —0.8M',""\j
108 51" 1081%°
Cg. =0,000521 10781 +(0,0188+0,0063.4)5%5| 10—
ReD ReD
(A.8.9)
10L 7y Bt
-0,114(0,043 +0,080e™ "1 —-0,123e" 1)—4
1-8
Ly, My'" and 4 are as defined in ISO 5167-2:2003, 5.3.2.1.
Table A.3 — Iteration equations
Known pafameters | Quantities to be computed Equations Equatign
numbeyr
Ma,) =CK, (A.9.1
d D A Im -0,5
K,= (1—,6’4) ' 8§d21/2App1 (A.9.2
[BY=(1+C%e%K 5) 0% (A.9.3
9, Ap D B 232
Ky = Appq| =D (A.9.4
8 | qm
f(Ap) = 1<Apg*2 (A.9.5
d D ¢ Ap 4
8(1- 2
Ky, :('B)[qmj (A.9.6
21 TECd2
f(D) =K,C05 (A.9.7
0,25
4, M B D 8(1— [)’4) 2
Kp= 74(‘@) (A.9.8
Appy 5~ \ m&
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.2 Determination of D — Example

See Figure A.1 for an example of a flowchart.

Assume an orifice plate metering facility using flange taps has to be designed for the following conditions:

fluid: steam
maximum flowrate: 1 kg-s~!
maximum diameter ratio: 0,65

Ths

*kk

For
req

maximum pressure differential: 0,5 x 105 Pa (500 mbar)
pressure: 10 x 10% Pa (10 bar)
temperature: 773,15 K (500 °C)
A;=16x 1076 K1

Ap=11x10"6 K1

the following typical data:

p1=2,8251kgm3

4 =285x 108 Pas

x=1,276

exit criterion chosen is 1076 (0,000 1 %). The\calculation procedure is then:
A\ssessing starting values

1) & applying equation for expansibility [ISO 5167-2:2003, 5.3.2.2]:

1/«
£ :1—(0,351+0,256,B4 +O,93ﬁ8) 1_[&]
P

£=0,983 201997 0.

manual calteullations using a calculator with a memory, it is useful to store the value of g4
Lired in anumber of the subsequent equations

8(1 ﬂ4) ) 0,25
9) I(U’ npplying Fqnafinn (A 9 R)' I(D :[ (q_m\ —‘
Bz

K;,=0,072295778 11

In each case, p4, Ty, pq, Uy, K shall also be known.

©Is

3) Applying Equation (A.8.1) for corner tappings:
Copcomer = 0,596 140,026 152 -0,2163°

c=¢C

o, corner

=0,600 244 522 0

O 2008 — All rights reserved
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For all the other devices, C_, could be readily calculated at this stage.
4) The starting value of D is obtained from Equation (A.9.7): f{iD) = K, c05
Dy =£(D)=0,093 314 435 6
5) Reynolds number from Equation (A.4):

Rep,=478758,4199

NOTE For most practical purposes it is possible to stop the calculation here since the final result will not be
significantly glifferent from D, and will be eventually rounded up to the next commercially available pipe diameter.

The final refult obtained by the complete computation would be:
D =0,492 707 108 61

From the previous calculation of D, the nearest commercially available pipe diameter, £5<0,102 m, would be
selected byl the designer of the metering station.

A.2.3 Computation of /— Example

Refer to Figure A.2 for an example of a flowchart.

It is now neicessary to calculate the orifice diameter d for the same conditions as in A.2.2, i.e.
—  fluid: steam

— maximpm flowrate: 1 kg-s~!

— maximpm pressure differential: 0,5 x 10° Pa (500 mbar)

— pressure: 10 x 10%-Pa/(10 bar)
— temperature: 773,15 K (500 °C)
— pipe dipmeter at ambient: DPg=0,102 m

— J;=16x 108K
— Jp=11x 108K
— p1=2,8251kg- ms3
— ;=285 10:8Pas

— K=1,p76

The exit criterion being still 108, the calculation would be:
*** Assessing starting values:
1) D is obtained from Equation (7): D = Dg [1 + Ap (T — Ty)]

D =0,102 538 560 0

4q,,

2) Rep, from Equation (A.4): Rep =
D 14

Rep, =435 690,453 9

46 © 1SO 2008 — Al rights reserved
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3) B being unknown, it is convenient and reasonable to use ¢= 0,97 as the starting value, except in the

case of incompressible fluids, for which ¢= 1.

4) pbeing unknown, it is convenient either

— to use a fixed starting value of C, e.g. 0,60 for orifice plates and 0,99 for all types of nozzles, or

— to use as a starting value C = C_, (in the case of classical Venturi tubes C is a constant).

The second method is preferable when the diameter ratio g (and D for orifice plates using flange tappings) is a
known parameter; in such a case, C is calculated from C = C_+ Cp, in the iteration steps, where C,, has

aerdy been calculated.
Int
iteration steps, C has to be computed as:

Cc=C

oo,corner + Coo,L + CRe

whgre the last two terms have to be recalculated at each step.

In most practical cases however, it will be sufficient to assume C = C,, ahd make no iteration.

2
5) Kj from Equation (A.9.4): Kz :%(ﬁ]
dm
Kjz=19,264 708 61
6) Starting value of gfrom Equation (A.9.3)i /() = (1 + C2,52Kﬂ) -0,25
p1=/(B) = 0,603 764 155 8

*kk

First iteration step

1/«
7) e :1—(0,351+0,256,6'4 +O,93ﬂ8) 1-[%]
1

£=0,984 182-761 4
8) C, from Equations (A.8.1) and (A.8.2):
C=C,_ + Cp,

C=0,607 261 036 6

e case of orifice plates using flange tappings where D is not known and £ is known, the“starting value of C
canf be taken as equal to C,, come i-€. the value of C,, that would be obtained for corner tapp

ngs. In the

9) Next value of g from Equation (A.9.3): /() = (1 + (252K ) 0.2
B=f(p)=0,596 831 560 9

No correction being made at the first step (£, = 0), the starting value for the second step is:

B =f(54)=0,596 831 560 9

© 1SO 2008 — All rights reserved
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*** Second iteration step

which is les

1/«
10) & :1—(0,351+0,256,B4 +o,9358){1_[1’_2] ]

P

£=0,984 300 3720

11) C, from Equations (A.8.1) and (A.8.2).

C=0,607 076 664 5

12) Next value of /5 from Equation (A.9.3): f(8) = (1 + C?s2K 5)70:25

B+ 1(F)=0,596 879 546 2

13) Degviation in f(,) is given by: E, = -

1 [f(X)-X)?
f(X2) [2X5 - f(X2)- X4]

EJ=5,526 344 567 x 10~/

s than the exit criterion. The iteration is then stopped.

d=pD d=0,061203 169 16 m

dq from Equation (4): d=dy [1 + AT - Ty)] dy= 0,060 736 Z11 22 m

A.2.4 Computation of g, — Example

Refer to Fig

ure A.3 for an example of a flowchart.

Assume th¢ metering station is now used to measure a flowrate with a plate of diameter dy = 0,061 m in[the
following cqnditions:

48

fluid:
pressufe differential:
pressure:
tempetature:

pq=2,8251Kkgw3

do= 0,061 M

steam
0,481 x10°Pa (481 mbar)
10-x.40° Pa (10 bar)

773,15 K (500 °C)

Dy=0,102m

4 =285x 108 Pas
Jy=16x10-6 K1
Ap=11x1076 K-

k=1,276

© 1SO 2008 — All rights reserved
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The exit criterion being 10-5, the calculation would be:
*** Assessing starting values:
1) dis obtained from Equation (4): d =dy [1 + A, (T — Tp)]
d=0,061468 480 00

2) D, from Equation (7): D= Dg [1 + Ap (T — Ty)]

D=0,102 538 560 0
3) p, from f=d/D
= 0,599 466 971 3
1k
4) ¢ :1—(0,351+0,256,B4 +o,93ﬁ8){1_[i_?] ]

£= 0,084 857 929 9
5) K, from Equation (A.9.2): K, = (1~ ﬂ4)_0’55%d2(2App1)0’5

K,=1,632671123
6) C, from Equation (A.8.1):
C=C,=0,602425043 2

7) The starting value for ¢,, from Equation (A.9.1): f(q,,) = CK,

41 =1(g,)=0,983 564971 8

*k*k

First iteration step

4q,,

8) Reynoldscqumber from Equation (A.4): Rep =
D 14

Rep=428 528,561 9

9) “New estimate of C, from C= C_ + Cp,

C=0,607 176 725 2

10) New estimate of ¢,,, from Equation (A.9.1): f(q,,) = CK,

qm=1(qy,1)=0,991 319 905 8

© 1SO 2008 — Al rights reserved 49
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No correction being made at the first step (£, = 0), the starting value for the second step is:
qm2 =g, 1)=0,991 319 905 8
*** Second iteration step

4q,,
D 14

11) New Reynolds number from Equation (A.4): Rep, =

Re~—4319008 619 7
U )

12) Ngw value of C, from C= C_ + Cp,

CE 0,607 163 108 8

13) Ngw value of g,,, from Equation (A.9.1): f(q,,) = CK,

9=/ (q,,2) =0,991297 674 7

1 [f(Xp)-X,)?

14) Dgviation of /(q,,): E2 =-— X3)[2X5 - f(X3) - X4]

Ej=-16,408 057 577 x 108
which is legs than the exit criterion. The iteration is then stopped and the result is:

q,|=0,991 297 674 7 kg

A.2.5 Determination of Ap — Example
Refer to Figure A.4 for an example of a flowchart.

Assume th¢ pressure differential is required for the maximum flowrate of the same facility if the plate hgs a
diameter of|dy, = 0,050 m.

—  fluid: steam

— flowrat 1 kg-s 1

o

— pressure: 10.% 10° Pa (10 bar)

— tempefature:* 773,15 K (500 °C)

— density: 2,825 1 kg'm=3
— dy=0,050m

— Dy=0,102m

— 41=285x10°Pas

— 4y=16x 108K

— Ap=11x108K-"

— x=1,276

50 © 1SO 2008 — Al rights reserved
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10-6 being the exit criterion, the calculation would be:

*** Assessing starting values

*k*k

1) dis obtained from Equation (4): d = dg [1 + 1, (T - Ty)]
d =0,050 384 000 00
2) D, from Equation (7): D =Dq [1 + Ap (T — Tp)]

D=0.102 538 560 0

3) g from g=d/D

£=0,491 366 369 9

4
4)  Rey,from Equation (A4): Rep = —am_

Rep, =435 690,453 9
5) C, from Equations (A.8.1) and (A.8.2): C=C_ + Cp,

C=0,6035729339

6) Ky, from Equation (A.9.6): K, = 8-/ )( qmzj
P1 nCd

Ky, = 115091,115 8

7) ¢is taken as equal to 0,97.

8) Starting value for Ap, from Equation (A.9.5): f(Ap) = K, , &2
Apy =f(Ap) = 122 320,242

-irst iteration step

1/«
9) 5:1—(0,351+0,256,B4+O,93ﬁ8){1—[%] ]
1

£=10,964 125 846 1

10) Next value of Ap, from Equation (A.9.5): f(Ap) = Ky, &2

Ap =f(Apq) = 123 815,310 0

No correction being made at the first step (£, = 0), the starting value for the second step is:

Ap,=f(Apq) =123 815,310 0

© 1SO 2008 — Al rights reserved 51
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*** Second iteration step

1/«
11) New value of &: g=1—(0,351+0,256ﬂ4+0,93,88) 1-[&j
P

£=0,963 680 936 9
12) Next value of Ap, from Equation (A.9.5): f(Ap) = K, &2

Ap = f(Ap,) = 123 929,661 7

1 (X)) - X
f(X2)[2X5 - f(X3)— X4]

13) Dgviation of f{Ap,): E5 =

EJ=-17,641976 350 x 1075

For manua| computation, one would stop here. The calculation is carried on to show"the effect of the rapid
scheme.

*** Third iteration step

14) THhe starting value for step 3 is obtained from: Ap, . 1 = (1 — E,) f(Ap})

Az =123 939,132 4
NOTE [ substitution iteration was continued [Ap, 4 = f(Ap,) for-all steps], a total of 5 iteration steps would be
necessary td conform to the exit criterion.
1k
15) Neéw value of &: ¢ :1—(0,351+0,256,B4 +O,93ﬁ8) 1—[”—2]
P1

£% 0,963 644 081 9

16) Next value of Ap, from Equation (A.9.5): f(Ap) = Ky, &2

M = f(Aps) = 123 939,141-4

17) Deviation on f(Aps)yE, = 1 )= Xl (X 0) = (X))
f(Xn) [Xn +f(Xn—1)_f(Xn)_Xn—1]

E{=-6,017524 711 x 10-°

The iteratiop is then stopped, the exit criterion being met. The result is Ap = 123 939,141 4 Pa.
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/
q,B Ap ]
P T Py KA A
| .
& '/c
K,  Equation (A9.8)«—
C = C_Equation (A.8.1)

\

®

C Equations (A.8.1) and (A.8.2)

f(D) Equation (A.9.7)

Re p Equation (A.4)

D = corrected f(D)

NO

& |eand p, have to be kriewn for compressible fluids only.

b IFor incompressible fluids, £= 1.

E¢ 5 Exit criterion

D =last computed (D)

d=pD
d, Equation (4)
D, Equation (7)

¢ |For classical Venturi tubes and Venturi nozzles, C = C_, and no loop is necessary.
d  |For the firststep, E4 =0 but proceed to “NO”, except for classical Venturi tubes and Venturi nozzles.

¢ [Except forflange tapping orifice plates, only Cp, has to be computed here, then it is added to previously com

© 1SO 2008 — All rights reserved

——Figure A-t— Flowchart example — Computation of pipe diameter D

puted C,.
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q9,D,4p
Py 7-1p1'u1'd“d)“£)

D Equation (7)
Rep Equation (A.4)

Kﬁ Equation (A.9.4)

[« &

|
C Equations (A.8.1) and (A.8.2) f(B) Equation (A.9.3)
&

B = corrected () E

NO

E , < Exit criterion

S = last computed f(f)
d=pD
d, Equation (4)

Key

a8  gand p} have to be known'for compressible fluids only.
b Forincgmpressible fluids, £= 1 and need not be computed further again.

¢ For clapsical Venturi tubes, C is a constant and need not be computed further again. If in addition the fluld is
incompressilple, no-iteration is necessary.

d For theffirst step, £, = 0 but proceed to "NO", except for Venturi tubes operated with incompressible fluids.

Figure A.2 — Flowchart example — Computation of diameter ¢ and diameter ratio S
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