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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 Infernational Standards is normally carried out through 1SO
technical committees. Each member body interested in a subject for
which a technipal committee has been established has the right to be
that committee. International organizations, govern-
-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.

Draft International Standards adopted by the technical committees are
circulated to the member bodies for voting. Publication as an Inter-
national Standard requires approval by at least 75% of the member.
bodies casting ja vote.

International Standard ISO 5167-1 was prepared by Technical Comniittee
ISO/TC 30, Megdsurement of fluid flow in closed conduits, Sub-Committee
SC 2, Pressure|differential devices.

ists of the following parts, under the'.general title Meas-
urement of fluid flow by means of pressure differential devices:

— Part 1: Ofjifice plates, nozzles and Venturi tubes inserted in circular
cross-seclion conduits running full

— Part 2: Diaphragms or nozzles installed at the inlet of a conduit

Annexes A, B, ¢, D and E of this part of ISO 5167 are for information only.
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Measurement of fluid flow by means of pressure differential
devices —

Part 1

Orifice plates, nozzles and Venturi tubes inserted in circular

crosstsection conduits running full

1 Scope

This pari

of 1SO 5167 specifies the geometry and

method df use (installation and operating conditions)

of orifice|
they are
mine the
It also g

plates, nozzles and Venturi tubes when

inserted in a conduit running full to deter-
flow-rate of the fluid flowing in the conduit.
ves necessary information for calculating

the flow-tate and its associated uncertainty.

It applies

which the

only to pressure differential devices in
flow remains subsonic throughout the

measuring section and is steady or varies only
slowly with time and where the fluid \can be con-

sidered s
devices d
pipe size

s single-phase. In addition,)each of these
an only be used within(specified limits of
and Reynolds number.: Thus this part of

ISO 5167 canqot be used for pipe sizelf

50 mm ormore than 1 200 mm or for pi
numbers below 3 150.

It deals with devices for which direct ca
petiments have been made, sufficient
spread and quality to enable coherent
application to be based on their resul

less than
e Reynolds

ibration ex-

in number,
systems of
ts and co-

efficients to be given with certain predigtable limits

of uncertainty.

The devices introduced into the pipe
“primary devices”. The term primary

are called

Hevice also

includes the pressure tappings. All other instru-

ments or devices required for the meas
known as “secondary devices”. Th
ISO 5167 covers primary devices;

rement are
s part of
secondary

devices" will be mentioned only occasiopally.

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

secondary

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

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

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

c) classical Venturi tubes#, and Venturi nozzles,
which differi i it

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

3.1 Pressure measurement

3.1.1 wall pressure tapping: Annular or circular
hole drilled in the wall of a conduit in such a way
that the edge of the hole is flush with the internal
surface of the conduit.

pressure tappings.

2 Normative references

The following standards contain provisions which,
through refergnce in this text, constitute provisions
of this part of ISO 5167. At the time of publication,
the editions ipdicated were valid. All standards are
subject to revjsion, and parties to agreements based
on this part gf ISO 5167 are encouraged to investi-
gate the possfibility of applying the most recent edi-
tions of the standards indicated below. Members of
IEC and ISO|maintain registers of currently valid
International $tandards.

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

ISO 4006:1991, Measurement of fluid flow in closed
conduits — Vqgcabulary and symbols.

ISO 5168:—5, Measurement of fluid flow — Evaluation
of uncertaintigs.

3 Definitions

For the purpgses of this part of ISO/5167, the defi-
nitions given {n 1ISO 4006 apply.

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

3.1.2 static pressure of a fluid flowing through a
straight pipeline, p: Pressure which can be| meas-
ured by connecting a pressure gauge to|a wall
pressure tapping. Only the'value of the apsolute
static pressure is considered in this part of ISDO 5167.

3.1.3 differential pressure, Ap: Difference between
the (static) pressures measured at the wall pressure
tappings, one of*which is on the upstream side and
the other of:which is on the downstream side of a
primary device (or in the throat for a Ventufi tube)
inserted)in a straight pipe through which flow oc-
cursiwhen any difference in height between fthe up-
stream and downstream tappings has been taken
into account.

In this part of ISO 5167 the term “differential press-
ure” is used only if the pressure tappings are in the
positions specified for each standard primary de-
vice,

3.1.4 pressure ratio, z: Ratio of the absolute|(static)
pressure at the downstream pressure tapping to the
absolute (static) pressure at the upstream pressure

tapping.

2) Orifice plates with vena contracta pressure tappings are not considered in this part of 1ISO 5167.
3) ISA is the abbreviation for the International Federation of the National Standardizing Associations, which was suc-

ceeded by I1SO in 1946.

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

5) To be published. (Revision of ISO 5168:1978)
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3.2 Primary devices

3.21 orifice; throat: Opening of minimum cross-
sectional area of a primary device.

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

3.2.2 orifice plate: Thin plate in which a circular
aperture has been machined.

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

ISO 5167-1:1991(E)

3.3.2 Reynolds number, Re: Dimensionless par-
ameter expressing the ratio between the inertia and

viscous forces.

The Reynolds number used in this part of ISO 5167

is referred to

— either the upstream condition of the
upstream diameter of the pipe, i.e.
U1D 4qm

ReD = "‘_‘v1"' = 1!‘[[1D

fluid and the

diametel of the measuring section and because the

thicknei of the plate is small compared with the
upstrea

edge of the orifice is sharp and square.

3.2.3 nozzle: Device which consists of a convergent
inlet copnected to a cylindrical section generally
called the “throat”.

3.2.4 Venturi tube: Device which consists of a con-
vergent |inlet connected to a cylindrical part called
the “thrpat” and an expanding section called the
“divergent” which is conical.

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

3.2.5 diameter ratio of a primary device used in a
given pipe, f: Ratio of the diameter of the orifice (or
throat) of the primary device to the internal diameter
of the meeasuring pipe upstream of the primary. de-
vice.

However, when the primary device has a, cylindrical
section ypstream, having the same_diameter as that
of the p;rpe (as in the case of the'classical Venturi
tube), the diameter ratio is the quotient of the throat
diameter and the diameter of this cylindrical section
at the plane of the upstream”pressure tappings.

3.3 Flow

3.3.1 rate of flow.of fluid passing through a primary
device, 4: Mass or volume of fluid passing through
the orifide (or throat) per unit time; in all cases it is
necessary-to state explicitly whether the mass rate

— or the orifice or throat diameter of
device, i.e.

Rep

p

Isentropic exponent, x: Ratio off

Red =

3.33

the primary

the relative

variation in pressureto the corresponfing relative

variation in density “under elementar
adiabatic (isentropic) transformation co

The isentropic exponent x appears in
formulae~for the expansibility [expans
and varies with the nature of the gas
temperature and pressure.

TFhere are many gases and vapours f

y reversible
hditions.

the different
on] factor ¢
and with its

br which no

values for x have been published so far. In such a

case, for the purposes of this part of |
ratio of the specific heat capacities off
can be used in place of the isentropic €

3.3.4 discharge coefficient, C: Coeffic
for an incompressible fluid flow, which
actual flow-rate to the theoretical flow-
a device. It is given by the formula

g /1-F
‘1";‘ d2\/ 2Ape;

of incompressible fluids (liquids) shows

50 5167, the
ideal gases
Xponent.

ent, defined

relates the
rate through

that the dis-

Calibration of standard primary devicels by means

charge coefficient is dependent o
Reynolds number for a given primary
given installation.

ly on the
device in a

The numerical value of C is the same

for different

of flow g, expressed in mass per unit time, or the
volume rate of flow ¢, expressed in volume per unit
time, is being used.

installations whenever such installations are ge-
ometrically similar and the flows are characterized
by identical Reynolds numbers.
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The equations for the numerical values of C given in
this part of ISO 5167 are based on data determined
experimentally.

NOTE 1

The quantity 1/./1 — g* is called the “velocity

of approach factor” and the product

c 1

NEr

is called the “flow coefficient”.

3.3.5 expansibility [expansion] factor, ¢: Coefficient

used to take i

determined by direct calibration carried out with
liquids for the same value of the Reynolds number,
by the expansibility [expansion] factor «.

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

This method is possible because experiments show
that ¢ is practically independent of the Reynolds
number and, for a given diameter ratio of a given
primary device, ¢ only depends on the differential
pressure, static pressure and the isentropic ex-
ponent.

fluid. It is givep by the formula

U

&=

1-p*

% d*C.[2Ape,

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

am/1-B*

% & J2Rpe,

is dependent on the value of the Reynolds number

as well as on

the values of the pressure ratio and

the isentropic pxponent of the gas.

The method
ations consist
ficient C of

dopted for representing these vari-
of multiplying the discharge coef-
he primary device considered, as

The numerical values of ¢ for orifice plates gjven in
this part of ISO 5167 are based on datd.determined
experimentally. For nozzles and Venturi tubgs they
are based on the thermodynamic.general gnergy
equation.

3.3.6 arithmetical mean~, “deviation o the
(roughness) profile, R,:CArithmetic mean de}iation
from the mean line of the profile being medsured.
The mean line is such that the sum of the squares
of the distances_bétween the effective surfage and
the mean line-is.a minimum. In practice R, ¢an be
measured with- standard equipment for mathined
surfaces butycan only be estimated for roughpr sur-
faces of pipes. (See also ISO 468.)

For_pipes, the uniform equivalent roughness k is
used. This value can be determined experimpntally
(see 8.3.1) or taken from tables (see annex E).
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4 Symbols and subscripts

41 Symbols

ISO 5167-1:1991(E)

Symbol Quantity Dimension? S1 unit
C Coefficient of discharge dimensionless -
d Diameter of orifice (or throat) of primary device at working con- L m
ditions
D Upstream internal pipe diameter (or upstream diameter of a clas- L m
sical Venturi tube) at working conditions
e Relative-uneertatnty dimenstontess -
k Uniform equivalent roughness L m
l Pressure tapping spacing L m
L Relative pressure tapping spacing dimensionless —
=L
D
p Absolute static pressure of the fluid ML-1 F=2 Pa
Im Mass rate of flow MT=! a/s
qv Volume rate of flow LT n3/s
R Radius L m
R, Arithmetical mean deviation of the (roughness) profile L m
Re Reynolds number dimensionless -
Rep Reynolds number referred to D dimensionless -
Rey Reynolds number referred to d dimensionless -
t Temperature of the fiuid (O] °C
U Mean axial velocity of the fluid in the pipe LT m/s
g Diameter ratio dimensionless —
-4
Y Ratio of specific heat capacities? dimensionless —
é Absolute uncertainty 3 3
Ap Differential pressure ML-1 T-2 Pa
Aw Pressure loss ML-1 T-2 Pa
€ Expansibility [expansion]\factor dimensionless —
K Isentropic exponent?) dimensionless -
M Dynamic viscosity of the fluid ML-1 T2 a's
v Kinematic viscosity of the fiuid L27-1 rwz/s
y=*
o
14 Retlative pressure loss dimensionless —
0 Density of the fluid ML-3 kgy/m3
T Pressure ratio d:”IUI w:uu:cao —_
@ Total angle of the divergent section dimensionless rad
1) M = mass, L = length, T = time, ® = temperature.
2) 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 na-
ture of the gas.
3) The dimensions and units are those of the corresponding quantity.
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4.2 Subscripts

Subscript Meaning
Upstream
2 Downstream

5 Principle of the method of measurement

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

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

— the type of primary device to be used;

— a rate of flow and the corresponding value of the

and computation

5.1 Principle of the method of measurement

The principle| of the method of measurement is
based on the jnstallation of a primary device (such
as an orifice plate, a nozzle or a Venturi tube) into
a pipeline in which a fluid is running full. The instal-
lation of the pfimary device causes a static pressure
difference between the upstream side and the throat
side of the device. The rate of flow
ined from the measured value of this
pressure difference and from the knowledge of the
characteristicq of the flowing fluid as well as the
circumstances under which the device is being
used. It is asspmed that the device is geometrically
similar to one jon which calibration has been carried
out and that the conditions of use are the same, i.e.
that it is in acqordance with this part of ISO 5167.

The mass rate] of flow can be determined, since it i$
related to the fifferential pressure within the uncer=
tainty limits stated in this part of ISO 5167, by-one
of the following formulae:

qm=—1—('ﬁ_481"14£‘d2«/2ApQ1 ‘e (1)

or

= TT( - 225 d*2Apo, )

where g, and|e, are referred to the downstream
conditions.

differentiatpressure:

The related values of ¢,, and Ap are themyinsdrted in
the basic formulae rewritten in the form

Cep’ 4q,,

1-p B nD%/2Ape

in which g and ¢ can be inserted for either upstream
or downstream conditions (¢, and &,, or g, {nd &)

and the diameter ratio of the selected primary de-
vice can be determined by iteration (see ann¢x D).

5.3 Computation of rate of flow

Tables A.1 to A.16 are given for convenience:|tables
A to A.13 give the values of C as a functiop of g,
Rep, and D for orifice plates and nozzles, tabl¢s A.14
and A.15 give orifice, nozzle and Venturj tube
expansibility factors ¢, and table A.16 gives values
of Venturi nozzle discharge coefficients. They are
not intended for precise interpolation. Extrapplation
is not permitted.

Computation of the rate of flow, which is a [purely
arithmetic process, is effected by replacing the dif-
ferent terms on the right-hand side of the bagic for-
mula (1) or (2) by their numerical values.

NOTES

2 Except for the case of Venturi tubes, C may |be de-
pendent on Re, which is itself dependent on g, [n such
cases the final value of C, and hence of g,, has to|be ob-

Note that

A
82=8‘ 1+—p§°

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

9,
4V=‘“gr'"‘ (3

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

tained by iteration. See annex D for guidance regarding
tm:mm&nanﬁmmandinwal_estfmates.

3 Ap represents the differential pressure, as defined in
313

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

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


https://standardsiso.com/api/?name=b4869e57ae08f65886827bf35a15fcb4

5.4 Determination of density

It is necessary to know the density of the fluid at the
plane of the upstream or downstream pressuie
tapping; it can either be measured directly or be
calculated from a knowledge of the static pressure,
temperature and characteristics of the fiuid at the
appropriate plane. However, it is considered that the
upstream pressure tapping will provide the most
consistent results.

ISO 5167-1:1991(E)

5.4.3 Any method of determining reliable values of
the density, static pressure, temperature and vis-
cosity of the fluid is acceptable if it does not interfere

with the distribution of the flow in any way at the

measuring cross-section.

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

6 General requirements for the
measurements

5.4.1 The static pressure of the fluid shall be
measurpd in the plane of the upstream or down-
stream pressure tapping by means of an individual
pipe-wall pressure tapping (as described in 8.2.1) or
by means of carrier ring tappings (see figure 6).

5.41.1 |The static pressure tapping shall preferably
be sepdrate from the tappings provided for measur-
ing the components of the differential pressure, un-
less the intention is to measure upstream and
downstrieam pressures separately.

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

5.41.2 |The static pressure value to be.used in
subseqyent computations is that existingat the level
of the tr:'Entre of the measuring cross-section, which
may differ from the pressure measured at the wall.

5.4.2 The temperature of the-fluid shall preferably
be measured downstream-of the primary device.
The thermometer well or,pocket shall take up as lit-
tle spade as possible’~The distance between it and
the primary device shall be at least equal to 5D (and
at most [15D when.the fluid is a gas) if the pocket is
located |downstream, and in accordance with the
values givén, 'in table 1, columns 10 and 11, if the
pocket ig located upstream.

In order to comply with this part of{SQ 5167 the fol-
lowing requirements shall be met,

6.1 Primary device

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

When the manufacturing characterist{cs and con-
ditions ofduse of the primary devices are outside the
limits given in this part of ISO 5167, it|is necessary
to calibrate the primary device separately under the
actaal conditions of use.

6.1.2 The condition of the primary device shall be
checked after each measurement or gfter each se-
ries of measurements, or at intervals ¢lose enough
to each other so that conformity with this part of
1ISO 5167 is maintained.

It should be noted that even apparently [neutral fluids
may form deposits or encrustations or] primary de-
vices. Resulting changes in the discharfe coefficient
which can occur over a period of time¢ can lead to
values outside the uncertainties given in this part of
ISO 5167.

6.1.3 The primary device shall be manufactured
from material the coefficient of expangion of which
is known, except if the user decides {hat the vari-
ations in the dimensions due to the|temperature
changes may be neglected.

6.2 Nature of the fluid

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

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

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

6.2.2 The fluid shall be such that it can be con-
sidered as being physically and thermally homo-
geneous and single-phase. Colloidal solutions with
a high degree of dispersion (such as milk), and only
those solutions, are considered to behave as a
single-phase fluid.
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6.2.3 To carry out the measurement, it is necessary
to know the density and viscosity of the fluid at the
working conditions.

6.3 Flow conditions

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

The pipe is considered as straight when it appears
so by visual inspection. The required minimum
straight lengths of pipe, which conform to the de-
scription above, vary according to the nature of the
fittings, the type of primary device and the diameter
ratio. They are specified in tables 1 and 2.

7.1.5 The pipe bore shall be circular over the entire
minimum length of straight pipe required. The
cross-section is taken to be circular if it appears so
by visual inspection. The circularity of the outside
of the pipe can be taken as a guide, except in the

6.3.2 The underfainfies specified in this part of
ISO 5167 are vplid only when there is no change of
phase through| the primary device. Increasing the
bore or throat ¢f the primary element will reduce the
differential pregsure, which may prevent a change
of phase. To determine whether or not there is a
change of phage, the flow computation shall be car-
ried out on thg assumption that the expansion is
isothermal for liquids or isentropic for gases.

6.3.3 If the flujd is a gas, the pressure ratio as de-
fined in 3.1.4 shall be greater than or equal to 0,75.

7 Installation requirements

7.1 General

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

71.2 The pipd shall run full at the measuring sec*
tion.

pipeline at a p

sition such that the flow ‘conditions

713 The pril}ary device shall be installed*in the

immediately u
veloped profile
Such condition
stallation confd
clause.

stream approach those of'a fully de-
and are free from-swirl (see 7.4).
5 can be expected\lo exist if the in-
rms to requirements given in this

7.1.4 The primary device shall be fitted between
two sections off straight cylindrical pipe of constant
cross-sectional| area; in which there is no ob-
struction or brapch)connection (whether or not there

immediate vicinity of the primary device where spe-
cial requirements shall apply according to)the type
of primary device used (see 7.5.1 and 7,6:9).

Seamed pipe may be used provided that the internal
weld bead is parallel to the pipe @xis throughdut the
length of the pipe and satisfies the special reguire-
ments for the type of primary’element. The |seam
shall not be situated in any-sector of + 30° centred
on any pressure tapping:

7.1.6 The interpalidiameter D of the measuring
pipe shall coniply” with the values given for| each
type of primary device.

7.1.7 -The inside surface of the measuring| pipe
shall\be clean and free from encrustations, pitting
and deposits, and shall conform with the roughness
criterion for at least a length of 10D upstream and
4D downstream of the primary device.

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

The drain holes and vent holes shall not be Idcated
near to the primary device, unless it is unavoidable
to do so. In such a case, the diameter of these |holes
shall be smaller than 0,080 and their location| shall
be such that the distance, measured on a straight
line from one of these holes to a pressure tgpping
of the primary device placed on the same s|de of
this primary device, is always greater than 0,5I). The
axial planes of the pipe containing respectively the

is flow into or out of such connections during meas-
urement) other than those specified in this part of

ISO 5167.

centre-line of a pressure tapping and the centre-line
of a drain hole or vent hole shall be offset by at least
30°.

6) ISO/TR 3313:1974, Measurement of pulsating fluid flow in a pipe by means of orifice plates, nozzles or Venturi tubes, in
particular in the case of sinusoidal or square wave intermittent periodic-type fluctuations.
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7.1.9 The pipe and the pipe flanges shall be lagged.
It is, however, unnecessary to lag the pipe when the
temperature of the fluid, between the inlet of the
minimum straight length of the upstream pipe and
the outlet of the minimum straight length of the
downstream pipe, does not exceed any limiting
value for the accuracy of flow measurement re-
quired.

7.2 Minimum upstream and downstream
straight lengths required for installation

between varlous fittings and the primary device

ISO 5167-1:1991(E)

shall be added arithmetically to the uncertainty on
the discharge coefficient.

7.2.5 If the straight lengths are shorter than the
“0,5 % additional uncertainty”® values given in ta-
bles 1 and 2, this part of ISO 5167 gives no infor-
mation by which to predict the value of any
additional uncertainty to be taken into account; this
is also the case when the upstream and downstream
straight lengths are both shorter than the “zero ad-
ditional uncertainty”?” values.

7.21 The minimum straight lengths are given in
tables 1|and 2.

The min|mum straight lengths specified in table 2 for
classical| Venturi tubes are less than those specified
in table ] for orifice plates, nozzles and Venturi noz-
zles for the following reasons:

a) they [are derived from different experimental re-
sults|and different correlation approaches;

b) the donvergent portion of the classical Venturi
tube |is designed to obtain a more uniform ve-
locity] profile at the throat of the device. Tests
have|shown that with identical diameter ratios,
the minimum straight lengths upstream of the

cIassE:al Venturi tube may be less than those

required for orifice plates, nozzles and Venturi
nozzles.

7.2.2 The straight lengths given in tables. 1 and 2
are minimum values, and the use of straight\lengths
longer [than those indicated is always rec-
ommended. For research work in particular, straight
lengths of at least twice the upstréam values given
in tables) 1 and 2 are recommended for “zero addi-
tional uncertainty”?.

7.2.3 When the straightlengths are equal to or
longer than the values“given in tables 1 and 2 for
“zero additional uncertainty”?, there is no need to
add any |additional 'deviation to the discharge coef-
ficient upcertainty to take account of the effect of
such installation conditions.

7.2.6 The valves mentioned in tables 1 and 2 shall
be fully open. It is recommended that dontrol of the
flow-rate be effected by valves located [downstream
of the primary device. Isolating .valvesg located up-
stream shall be fully open and shall be preferably
of the “gate” type.

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

7.2.8-The values given in tables 1 and 2 were ob-
tained experimentally with a very long straight
length upstream of the particular fitting in question
and so it could be assumed that the flgw upstream
of the disturbance was virtually fully delveloped and
swirl-free. Since in practice such condifions are dif-
ficult to achieve, the following information may be
used as a guide for normal installation practice.

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

b) If several fittings other than 90° pends' are
placed in series upstream from the|primary de-
vice, the following rule shall be ap;:l}rd: between

the fitting (1) closest to the primary device and
the primary device itself, there shall be a mini-

7.24 When the upsiream or downstream straight
length is shorter than the “zero additional uncer-
tainty”? values and equal to or greater than the
“0,5 % additional uncertainty”® values, as given in
tables 1 and 2, an additional uncertainty of 0,5 %

7) Values without parentheses in tables 1 and 2.
8) Values in parentheses in tables 1 and 2.

mum straight length such as is indicated for the
fitting (1) in question and for the actual values of
B in table 1 or 2. But, in addition, between this
fitting (1) and the preceding one (2) there shall
be a straight length equal to one-half of the value

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

orifice plates and nozzles.

10) In the case of several 90° bends, refer to tables 1 and 2 which can be applied whatever the length between two con-

secutive bends.
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Table 1 — Required straight lengths for orifice plates, nozzles and Venturi nozzles

Values expressed as multiples of D
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Table 2 — Required straight lengths for classical Venturi tubes
Values expressed as multiples of D

Diameter ratio o Two or more 'l’wvo or more Reducer 3D to Expander 0,75D Full bore ball or
Single 90 90° bends i 90° bends in D tenath to D t ive full

B bend® ends in tl)te different over a leng o D over a gate valve fully

same plane* planes?) =) of 35D length of D open

0,30 0,5***) 1,5 (0,5) (0,5) 0,5***) 1,5 (0,5) 1,5 (0,5)
0,35 0,5**+) 15 (0,5) (0,5) 1,5 (0,5) 1,5 (0,5) 2,5 (0,5)
0,40 0,5+ 15 (0,5) (0,5) 25 (0,5) 1,5 (0,5) 2,5 (1,5)
0,45 1,0 (0,5) 1,5 (0,5) (0,5) 4,5 (0,5) 2,5 (1) 35 (1,5)
0,50 15 (0,5) 2,5 (1,5) (8,5) 55 (0,5) 2,5 (1,5) 35 (1,5)
0,55 2,5 {0,5) 25 (1,5) (12,5) 6.5 (0.5) 35 (1.5) 4,5 (2,5)
0,60 3,0 (1,0) 35 (2,5) (17,5) 8,5 (0,5) 35 (1,5) 4,5 (2,5)
0,5 4,0 (1,5) 45 (2,5) (23,5) 9,5 (1,5) 4,5 (2,5) 8,5 (2,5)
0,10 40 (2,0) 45 (2,5) (27,5) 10,5 (2,5) 55 (3,5) b,5 (3,5)
0,15 45 (3,0) 45 (3,5) (29,5) 1,5 (3,5) 6,5 (4,5). b,5 (3,5)

+4)

tainty” vplues are the only ones applicable In this case.

*)  The fadius of curvature of the bend shall be greater than or equal to the pipe diameter.
*)  As the effect of these fittings may still be present after 40D, no values without parentheses can be(given.
Singe no fitting can be placed closer than 0,5D to the upstream pressure tapping in the Venturi tube, the “zero adflitional uncer-

NOTES
1 The

Venturi
availabl
2 Valu
3 Valu

pipe (approximately k/D < 10-3),

inimum straight lengths required are the lengths between various fittings located upstream of the classical Venturl tube and
the clasgical Venturi tube itself. Al straight lengths shall be measured from the upstreath pressure tapping plane o
be. The pipe roughness, at least over the length indicated in this table, shall hot exceed that of a smooth,| commercially

without parentheses are “zero additional uncertainty” values (see 7.23))
In parentheses are “0,5 % additional uncertainty” values (see 7.2.4):

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

the classical

giver) in table 1 or 2 for fitting (2) for a primary
devige of diameter ratio f =0,7 whatever the
actugl value of f may be. This requirement does
not gpply when the fitting (2) is an abrupt sym-
metrical reduction, the case of which is covered
by a)|above.

If orfe of the minimum straight “lengths so
adopted appears in parentheses:a 0,5 % addi-
tiona| uncertainty shall be added arithmetically
to the discharge coefficient uncertainty.

7.3 Flow conditioners

The use|of flow conditioners of the types described
in 7.3.2 gnd shaownvin figures 1 to 3 is recommended
to permit the ‘installation of primary devices down-
stream (f fittings not included in table 1 or 2. When
a large diameter ratio primary device is to be used.

vice and the disturbance or fitting closdst to the pri-
mary device. Unless it can be verified fthat the flow
conditions at the inlet of the primary deyice conform
with the requirements of 7.1.3, the stfaight length
between this fitting and the conditiondr itself shall
be equal to at least 20D, and the straight length be-
tween the conditioner and the primary|device shall
be equal to at least 22D. These lengthls are meas-
ured from the upstream face and the [downstream
face respectively of the conditioner. Conditioners
are only fully effective if their installatiof is such that
the smallest possible gaps are left|around the
resistive elements of the device, therdfore permit-
ting no by-pass flows which would grevent their
proper functioning.

When correctly built conditioners are used with the
pipe length combinations described abqgve, they can
be used in conjunction with any entrgnce velocity
profile.

the inclusion of such devices sometimes permits the
use of shorter installation lengths upstream of the
primary device than are given in table 1.

When installed as described in 7.3.1, the use of a
flow conditioner does not introduce any additional
uncertainty in the discharge coefficient.

7.3.1 Installation

Any flow conditioner used shall be installed in the
upstream straight length between the primary de-

7.3.2 Types of flow conditioners

The five standardized types of flow conditioners are
shown in figures 1 to 3. The choice of a conditioner
is dependent on the nature of the velocity distri-
bution which has to be corrected and on the press-
ure loss which can be tolerated. The devices
described below create a pressure loss of approxi-
mately

1"
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for type A: 59,(1;"/2
for type B with inlet bevel: 110,U2]2
for type B without inlet bevel: 14g1U,2/2
for type C: 50,UZ[2
for type D: 0,25¢,U%/2
for type E: 0,250,U%/2

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

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

7.3.2.2 Type B: “Sprenkle” conditioner

The “Sprenkle” conditioner consists of three perfor-
ated plates in series with a length equal to one pipe
diameter between successive plates. The perfor-
ations shall preferably be chamfered on the up-
stream side, and the total area of the holes in each
plate shall be greater than 40 % of the cross-
sectional area of the pipe. The ratio of plate thick-
ress—to—hole—diameter—shall-be—atleast1-and the

7.3.21 Type L: “Zanker” conditioner

The “Zanker”| conditioner consists of a perforated
plate with holps of certain specified sizes followed
by a number ¢f channels (one for each hole) formed
by the intersection of a number of plates (see
figure 1).

diameter of the holes shall be less than or*efual to
0,05D. (See figure 2.)

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

—

Figure 1 — Type A “Zanker” conditioner

Ry,
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7.3.2.3 Type C: Tube bundle conditioner

The tube bundle conditioner consists of a bundle of
parallel and tangential tubes fixed together and held
rigidly in the pipe (see figure2). It is important to
ensure that the various tubes are parallel with each
other and with the pipe axis since, if this require-
ment is not complied with, the conditioner itself
might introduce disturbances in the flow.

There shall be at least 19 tubes. Their length shall
be greater than or equal to 10d. The tubes shall b

(y, a v C aa
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NOTE - In order to decrease thelpressure Loss the entrance of the holes may be bevelled at 45°.

Type B: “Sprenkle” conditioner

ISO 5167-1:1991(E)

7.3.2.4 Type D: AMCA straightener

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

7.3.2.5 Type E: “Etoile” straightener

The “étoile” straightener consists of eight radial
vanes at equal angular spacing with a length equal
to twice the diameter of the pipe (see figure 3). The

------- be—as—thin possible-but-shall provide

d<0,050

Type C: Tube bundle conditioner

Figure 2 — Type B and type C conditioners

13
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0,075 0

7.4 General requirements for flow conditions
at the primary device

If the specified fnstallation conditions given in tables
1 and 2 or in 7.p cannot be;met this part of ISO 5167
still remains valid if the flow conditions immediately
upstream of the primary device conform to 7.1.3.

Swirl-free condjtions can be taken to exist when the
swirl angle overthe pipe is less

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

14

Type D: AMCA stralghtener

Type E: Etolle straightener

Figure 3 — Type D and type E straighteners

0450

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

7.5.1 Circularity of the pipe

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

7.5.1.1 The length of the upstream pipe section ad-
jacent to the primary device (or to the carrier fing if
i indriedl. The
pipe is said to be cylindrical when no diameter in
any plane differs by more than 0,3 % from the mean
value of D obtained from the measurements speci-
fied in 7.5.1.2.

7.5.1.2 The value for the pipe diameter D shall be
the mean of the internal diameters over a length of
0,5D upstream of the upstream pressure tapping.
The internal mean diameter shall be the arithmetic
mean of measurements of at least twelve diameters,
namely four diameters positioned at approximately
equal angles to each other, distributed in each of at
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least three cross-sections evenly distributed over a
length of 0,5D, two of these sections being at dis-
tance 0 and 0,5D from the upstream tapping and one
being in the plane of the weld in the case of a
weld-neck construction. If there is a carrier ring
[see figure 6a)] this value of 0,5D shall be measured
from the upstream edge of the carrier ring.

7.51.3 Beyond 2D from the primary device, the
upstream pipe run between the primary device and
the first upstream fitting or disturbance may be
made up of one or more sections of pipe.

ISO 5167-1:1991(E)

7.5.2 Location of primary device and carrier rings

7.5.21 The primary device shall be placed in the
pipe in such a way that the fluid flows from the up-
stream face towards the downstream face.

7.5.2.2 The primary device shall be perpendicular
to the centre-line of the pipe to within 1°.

7.5.2.3 The primary device shall be centred in the
pipe or, if applicable, in the carrier rings. The dis-

No additional uncertainty in the discharge coefficient
is involved provided that the diameter step between
any two sections does not exceed 0,3 % of the mean
value of [D obtained from the measurements speci-
fied in 7.p.1.2.

7.51.4 An additional uncertainty of 0,2 % shall be
added afithmetically to the uncertainty for the dis-
charge doefficient if the diameter step AD between
any two pections exceeds the limits given in 7.5.1.3,
but complies with the following relationships:

S
AD p 04
<0002y —

D 0,1+ 2,3p
and

AD

D < 0,05
where s|is the distance of the step from the-up-

stream pressure tapping or carrier ring.

7.51.5 |If 2 step is greater than any one of the limits
given in the inequalities above, the installation. is: not
in accordance with this part of ISOC 5167.

7.5.1.6 INo diameter of the~downstream straight
length, cpnsidered along a‘length of at least 2D from
the upstream face of the primary device, shall differ
from the| mean diameter of the upstream straight
length by more than 3 %. This can be judged by
checking) & single’ diameter of the downstream
straight'l Lk

itement is not valid' for Venturi tubes,

tance ¢, between the centre-line of the orifice and
the centre-lines of the pipe on théupstream and
downstream sides shall be less than or |equal to

0,002 5D
0,1+ 2,3p*
If
0,002 5D 0,005D
0.1+ 238" 0.1+ 2,3p*

an additional uncertainty of 0,3 % shall be added

arithmetically to the uncertainty on the discharge

coefficient C.

In.tHe case where
0,005D

0,1+ 2,3p*

y

this part of ISO 5167 gives no information by which
to predict the value of any additional uncertainty to
be taken into account.

7.5.24 When carrier rings are used, t:ltey shall be
centred such: that they do not protrude into the pipe
at. any point.

7.5.3 Method of fixing and gaskets

7.5.3.1 The method of fixing and tightening shall be
such that once the primary device has been in-
stalled in the proper position, it remaing so.

It is necessary, when holding the primmary device

which may be truncated and to which the require-
ments of 7.6.1.3 apply.

between flanges, to allow for its free thermal ex-
pansion and to avoid buckling and distortion.

15


https://standardsiso.com/api/?name=b4869e57ae08f65886827bf35a15fcb4

ISO 5167-1:1991(E)

7.5.3.2 Gaskets or sealing rings shall be made and
inserted in such a way that they do not protrude at
any point inside the pipe or across the pressure
tappings or slots when corner tappings are used.
They shall be as thin as possible, with due con-
sideration taken in maintaining the relationship as

defined in 8.2 for orifice plates.

7.53.3

If gaskets are used between the primary

device and the annular chamber rings, they shall not

protrude insi

de the annular chamber.

8 Orifice plates

The various types of standard orifice plates are
similar and therefore only a single description is
needed. Each type of standard orifice plate is
characterized by the arrangement of the pressure

tappings.

All types of orifice plates shall conform with the fol-
lowing description under working conditions.

Limits of use are given in 8.3.1.

7.6 Addltit{nal specific installation

requiremen

s for classical Venturi tubes

7.6.1 Circularity of the pipe

In the imme
tube, the folld

7.6.11 Ovel
measured fr
cylinder of th
drical.

7.61.2 The
joins the cla
of the class
ameter D, as
diameter of
the mean of
2 % for a dis
of the classiq

7.6.1.3 The
downstream
ured accura
downstream
the diameter
section. This
ing the sam
tube can be

diate vicinity of the classical Venturi
pwing requirements shall apply.

an upstream length of at least 2D
bm the upstream end of the entrance
e Venturi tube, the pipe shall be cylin-

mean diameter of the pipe where it
ssical Venturi tube shall be within 1 %
cal Venturi tube entrance cylinder di-
defined in 10.1.2.1. Moreover, no single
his inlet pipe section shall differ from
the measured diameters by more than
tance of two pipe diameters upstream
al Venturi tube.

diameter of the pipe immediately

of the Venturi tube need not be meas-
ely but it shall be checked\that the
pipe diameter is not less.than 90 % of
at the end of the Venturitube divergent
means that, in most(cases, pipes hav-
e nominal bore as that of the Venturi
ised.

7.6.2 Roughness of therupstream pipe

The upstrear
of k/D < 10]

n pipesshall have a relative roughness
on\a length at least equal to 2D

measured ug

stteam from the classical Venturi tube.

8.1 Description

The axial plane cross-section of a standarf orifice
plate is shown in figure 4.

The letters given in the following text refer to the
corresponding references.in figure 4.

8.1.1 General shape

8.1.1.1 The part of the plate inside the plpe shall
be circujarrand concentric with the pipe centre-line.
The faces of the plate shall always be flat and par-
allel,

Thickness £ of tha plate

Upstream face A ———{/}=—— Downstream tace B

NRNRRRRNY

Thickness e of the orifice

Axlal centre-line

7.6.3 Alignment of the classical Venturi tube

The offset or distance between the centre-lines of
the upstream pipe and of the Venturi tube, as
measured in the connecting plane of the upstream
pipe and entrance cylinder A (see 10.1.2), shall be
less than 0,005D. The angular alignment uncertainty
of the Venturi tube centre-tine with respect to the
upstream pipe centre-line shall be less than 1°.
Finally the sum of the offset and half the diameter
deviation (see 7.6.1.2) shail be less than 0,007 5D.

16
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Figure 4 — Standard orifice plate
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8.1.1.2 Unless otherwise stated, the following re-
quirements apply only to that part of the plate lo-
cated within the pipe.

8.1.1.3 Care shall be taken in the design of the
orifice plate and its installation to ensure that plastic
buckling and elastic deformation of the plate, due to
the magnitude of the differential pressure or of any
other stress, do not cause the slope of the straight
line defined in 8.1.2.1 to exceed 1 % under working
conditions.

ISO 5167-1:1991(E)

8.1.4 Thicknesses F and ¢

8.1.4.1 The thickness e of the orifice shall be be-
tween 0,005D and 0,02D.

8.1.4.2 The difference between the values of e
measured at any point on the orifice shall not be
greater than 0,001D.

8.1.43 The thickness E of the plate shall be be-
tween e and 0,05D.

ith the orifice bore. If in the working
conditions the plate does not fulfill the specified
conditiong, it shall be repolished or cleaned tola di-
ameter of at least D.

8.1.23 It is useful to provide a distinctive mark
which is |visible even when the orifice plate is in-
stalled to show that the upstream face of the orifice
plate is ¢orrectly installed relative” to the direction
of flow.

8.1.3 Dt:lwnstream face(B
h

8.1.31 e downstréam face B shall be flat and
parallel with the_upstream face. (See also 8.1.4.4.)

8.1.3.2 lthough it may be convement to manufac-
ture the @ : e o

each face, it is unnecessary to provude the same
high quality finish for the downstream face as for the
upstream face (but see 8.1.8).

8.1.3.3 The flatness and surface condition of the
downstream face may be judged by visual in-
spection.

However, when 50 mm < D < 64 mm, a|thickness E
up to 3,2 mm is acceptable.

8.1.44 The difference between. the Values of E
measured at any point of.the plate shall not be
greater than 0,001D.

8.1.5 Angle of bevel F

8.1.5.1 |If the thickness E of the plate ¢xceeds the
thickness e of the orifice, the plate shall|be bevelled
on the downstream side. The bevelled surface shall
be well finished. (See 8.1.2.2)

8.1.5:2° The angle of bevel F shall be 45° + 15°.
8:1.6 Edges G,H and |

8.1.6.1 The upstream edge G shall no{ have wire-
edges, burrs, or any peculiarities visiblg¢ to the na-
ked evye.

8.1.6.2 The upstream edge G shall be|sharp. It is
considered so if the edge radius is not greater than
0,000 4d.

This requirement cannot be met unlegs the edge
complies with the requirements of 8.1.6.1.

If d > 25 mm this requirement can generally be
considered as satisfied by visual inspection, by
checking that the edge does not seem [to reflect a
beam of light when viewed with the nakegd eye.

If d < 25 mm visual inspection is not suffjcient.

re 3 lequirement
is met, the edge radlus shall be measured.

8.1.6.3 The downstream edges H and | are within
the separated flow region and hence the require-
ments for their quality are less stringent than those
for edge G. This being the case, small defects are
acceptable.
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8.1.7 Diameter of orifice d

8.1.71 The diameter d shall in all cases be greater
than or equal to 12,5 mm. The diameter ratio
B =d|D is always greater than or equal to 0,20 and
less than or equal to 0,75.

Within these limits, the value of § may be chosen by
the user.

8.1.7.2 The value d of the diameter of the orifice
shall be taken as the mean of the measurements of

In particular, the plate shall be clean when the
measurements are made.

8.2 Pressure tappings

For each primary device, at least one upstream
pressure tapping and one downstream pressure
tapping shall be installed in one or other of the
standard locations.

A single orifice plate may be used with several sets
of pressure tappings suitable for different types of

at least four diameters at approximately equal an-
gles to each other.

8.1.7.3 The ofifice shall be cylindrical, and perpen-
dicular to the ypstream face.

No diameter shall differ by more than 0,05 % from
the value of the mean diameter. This requirement is
deemed to be|satisfied when the difference in the
length of any pf the measured diameters complies
with the said requirement in respect of the mean of
the measured fliameters. In all cases the roughness
of the orifice bore cylindrical section shall not be
such that it affects the edge sharpness measure-
ment.

8.1.8 Symmetrical plates

8.1.8.1 If the grifice plate is intended to be used for
measuring reverse flows the following requirements
shall be fulfilled:

a) the plate shall not be bevelled;

b) the two facgs shall comply with the specifications
for the upstfeam face given in 8.1.2;

c) the thicknegs E of the plate shall\be equal to the
thickness e|of the orifice specified in 8.1.4; con-
sequently iff may be necessary to limit the differ-
ential presgure to prevent plate distortion (see
8.1.1.3);

specifications for the upstream edge specified in

d) the two edgles of the orifice shall comply with the
8.1.6. f

standard orifice plates, but to avoid mutual| inter-
ference, several tappings on the same_side |of the
orifice plate shall not be in the same axiadl plgne.

The location of the pressure tappings characierizes
the type of standard orifice plate;

8.2.1 Details of pressure tappings for D and IP/2 tap
orifice plates and flange tap orifice plates

8.21.1 The spacing ‘Yof a pressure tapping|is the
distance between\the centre-line of the préssure
tapping and the“plane of a specified face}f the
orifice platexWhen installing the pressure tappings,
due account’shall be taken of the thickness |of the
gaskets @nd/or sealing material.

8.2.1.2 For orifice plates with D and D/2 tappings
(see figure 5), the spacing /; of the upstream press-
ure tapping is nominally equal to D, but may be be-
tween 0,9D and 1,1D without altering the disdharge
coefficient.

is nominally equal to 0,5D but may be between the
following values without altering the discharge co-
efficient:

The spacing /, of the downstream pressure t}pping

between 0,480 and 0,52D when 8 < 0,6

between 0,49D and 0,51D when f§ > 0,6

Both /; and /, spacings are measured from the up-
stream face of the orifice plate.

8.21.3 For orifice plates with flange tapping$ (see
figure 5), the spacing /. of the upstream prdssure

8.1.8.2 Furthermore, for orifice plates with D and
D2 tappings (see 8.2), two sets of upstream and
downstream pressure taps shall be provided and
used according to the direction of the flow.

8.1.9 Material and manufacture

The plate may be manufactured from any material
and in any way, provided that it is and remains in
accordance with the foregoing description during
the flow measurements.
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tapping is nominally 25,4 mm and is measured from
the upstream face of the orifice plate.

The spacing 7, of the downstream pressure tapping
is nominally 25,4 mm and is measured from the
downstream face of the orifice plate.

These upstream and downstream spacings /; and
I, may be within the following ranges without alter-
ing the discharge coefficient:

25,4 mm + 0,5 mm when
D <150 mm

B >0,6 and
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254 mm £+ 1 mm in all other cases, i.e. f < 0,6
or f>0,6 but 150 mm < D < 1000 mm

8.21.4 The centre-line of the tapping shall meet the
pipe centre-line and be at an angle of 90° to it.

8.21.5 At the point of break-through the hole shall
be circular. The edges shall be flush with the
internal surface of the pipe wall and as sharp as
possible. To ensure the elimination of all burrs or
wire edges at the inner edge, rounding is permitted

ISO 5167-1:1991(E)

dynamic performance. The upstream and down-
stream tappings shall have the same diameter.

8.2.1.8 The pressure tappings shall be circular and
cylindrical over a length of at least 2,5 times the
internal diameter of the tapping, measured from the
inner wall of the pipeline.

8.2.1.9 The centre-lines of the pressure tappings
may be located in any axial plane of the pipeline
(see also 3.1.3 and 7.2.7).

but shall|be kept as small as possible and, where it
can be measured, its radius shall be less than one-
tenth of the pressure tapping diameter. No irregu-
larity shdll appear inside the connecting hole, on the
edges of|the hole drilled in the pipe wall, or on the
pipe wall close to the pressure tapping.

8.21.6 Conformity of the pressure tappings with the
requirements specified in 8.2.1.4 and 8.2.1.5 may be
judged by visual inspection.

8.21.10 The axis of the upstream tapping and that

of the downstream tapping may be_loca
ent axial planes (see also 3.1.3 and“7.2.}

8.2.2 Orifice plate with corner tappings
figure 6)

8.2.21 The spacing(between the centre
tappings and the. respective faces of
equal to half the‘diameter or to half the
tappings themselves, so that the ta

ed in differ-
).

(see

-lines of the
he plate is
width of the
ping holes

8.21.7 The diameter of pressure tappings shall be
less than|0,13D and less than 13 mm.

No restrirtion is placed on the minimum diameter,
which is determined in practice by the need to pre-
vent acc|dental blockage and to give satisfactory

break through the wall flush with the faces of the

plate (se€)also 8.2.2.5).

tappings or annular slots. Both types |of tappings
may be located either in the pipe or its flanges or in
carrier rings as shown in figure 6.

8.2.2:2 The pressure tappings may be Iither single

|

|

|

|
L

) (1=0201D

050 £0,020 for i < 0,6
) (2=

050+0010tor > 06

(25.4 £ ) mm for 1 < 0,6

(25,4 + 0,5)mm for /30,6 and O < 150 mm
aae) g ==

(25,4 £ 1) mm for /3>0,6 and 150 mm < O «< 1 000 mm

Figure 5 — Spacing of pressure tappings for orifice plates with D and D/2 pressure tappings or flange tappings
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Pressure tappings

Carrler ring

a) Carrier ring § é §
with anautar stot M\\f §
T N
§\\ f : Thickness of the slot
§ ¢« Length of the upstream ring
\§ ¢t Length of the downstream ring
s §‘ b+ Diameter of the carrler ring
- N a: Width of the annular slot or
diameter of single tapping
s Distance from upstream step
tocarrler ring
g Axial centre-line
Q b) L
e -
§ Flow direction
g\\\ Orifice plate
\
b) Individual tappings §

A ——

N

Figure (6 )—

8.2.2.3 The dipmeter a of a single tapping and the
width a of annular slots are specified._below. The
minimum diarr}?ter is determined in{ practice by the

need to prevent accidental blockage and to give
satisfactory dynamic performance!

For clean fluidg and vapours:

for f < 0,65 0,005P< a < 0,03D

for > 0,65; 0,01D < a < 0,02D

v

Corner tappings

8.2.2.4 The annular slots usually break through the
pipe over the entire perimeter, with no bre¢ak in
continuity. If not, each annular chamber shaj: con-
nect with the inside of the pipe by at leasgt four
openings, the axes of which are at equal angles to
one another and the individual opening anea of
which is at least 12 mm?2.

8.2.2.5 If individual pressure tappings, as shown in
figure 6b), are used, the centre-line of the tappings
shall meet the centre-line of the pipe at as niar an

For any value of §:
for clean fluids: 1 mm < a < 10 mm

for vapours, in the case of annular chambers:
Tmm<a< 10 mm

for vapours and for liquefied gases, in the case
of single tappings: 4 mm < a < 10 mm

angle of 90" as possible.

If there are several individual pressure tappings in
the same upstream or downstream plane, their
centre-lines shall form equal angles with each other.
The diameters of individual pressure tappings are
specified in 8.2.2.3.

The pressure tappings shall be circular and cylin-
drical over a length of at least 2,5 times the internal
diameter of the tappings, measured from the inner
wall of the pipeline.
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8.2.2.6 The internal diameter b of the carrier rings
shall be greater than or equal to the diameter D of
the pipe, to ensure that they do not protrude into the
pipe, but shall be less than or equal to 1,04D.
Moreover, the following condition shall be met:

b—D c 0,1

X ——x1 _—
D 0,1+ 2,3p*

00
D <

The lengths ¢ and ¢’ of the upstream and down-
stream rings (see figure 6) shall not be greater than

0,5D.

ISO 5167-1:1991(E)

For orifice plates with corner tappings:
d>125mm
50 mm < D < 1 000 mm
02< <075
Rep, > 5000 for 0,2 < f < 0,45

Rep, > 10 000 for g > 0,45

Eor orificeplates-with flange tappings-or

The thick
equal to
area of t
gh, shall

ness f of the slot shall be greater than or
wice the width a of the annular slot. The
e cross-section of the annular chamber,
e greater than or equal to half the total

area of the opening connecting this chamber to the

inside of

he pipe.

8.2.2.7 Alll surfaces of the ring which are in contact

with the

measured fluid shall be clean and shall

have a we¢ll-machined finish.

8228 T
annular (
pipe-wali
through
10 mm (s

8229 T
need not
each othe
preceding

he pressure tappings connecting the
hambers to the secondary devices are
tappings, circular at the point of break-

:lnd with a diameter j between 4 mm and

e 8.2.1.5).

e upstream and downstream carrier rings
necessarily be symmetrical in relation_to
r, but they shall both conform with the
requirements.

8.2.2.10
ured as

The diameter of the pipe shall be meas-

pecified in 7.5.1.2, the carrier ring being

regarded |as part of the primary device. This also
applies to| the distance requirement given in 7.5.1.4
so that s ghall be measured from-the upstream edge
of the recess formed by the-carrier ring.

8.3 Coefficients and-corresponding
uncertainties of orifice plates

8.3.1 Limlits-of use

D|2 pressure tappings:
d> 125 mm
50 mm < D < 1000 mm
02<pf <075

Rep, > 1 2608°D,

where D is expressed in millimetres.

with D and

In addition) the relative roughness shall conform

with the.values in table 3.

The value of the uniform equivalent rogghness, %,

expréssed in length units, depends on s
tors such as height, distribution, ang

everal fac-
hlarity and

other geometric aspects of the roughness elements

of the pipe wall.

A full-scale pressure loss test of a samp

e length of

the particular pipe should be carried oyt to deter-

mine the value of k.

However, approximate values of k for

different ma-
terials can be obtained from the various LEbles given
in reference literature, and tableE.1 givels values of
k for a variety of materials, as derivel from the
Colebrook formula.

Most of the experiments on which the alues of C
given in this part of ISO 5167 are based wgre carried
out in pipes with a relative roughness

kID <38x10"*

as regards corner tappings, or

Standard orifice plates shall only be used in ac-
cordance with this part of ISO 5167 under the fol-
lowing conditions.

FD<10x10 *

as regards flange tappings or D and D/2 pressure
tappings.

Table 3 — Upper limits of relative roughness of the upstream pipeline for orifice plates

g <03 0,32 0,34 0,36

0,38

0,4 0,45 0,5 0,6 0,75

104 k/D 25 12,9 10,0

8,3

71 5,6 49 4,2 4,0
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Pipes with higher relative roughness may be used
if the relative roughness is within the limits given
above for at least 10D upstream of the orifice plate.

8.3.2 Coefficients
8.3.2.1 Discharge coefficient, C

The discharge coefficient, C, is given by the Stolz
equation:

C=0,595 9+ 0,031 2p>"' — 0,184 08° +

[since L, is always greater than or equal to
0,433 3, the va|ue 0, 039 0 shall be used for the
coefficient of g*(1— 4"

— for flange tappings:

, 254

where D is expressed in millimetres.

In pipelines with D < 58,62 mm, L, > 0,433 3 and the
value 0,039 0 will be used for the coefficient of

6 0,75
+0,002 99“( 10 > +
Rep,

+0,000 0. B4(1 — p*)" ' — 0,033 7L',4°

where
B =d|D is the diameter ratio;
Rep, is the Reynolds number related to
D;
L,=1|D | isthe quotient of the distance of the

upstream tapping from the up-
stream face of the plate and the
pipe diameter,

=1T,/I} is the quotient of the distance of the
downstream tapping from the
downstream face of the plate, and
the pipe diameter. (L', denotes the
reference of the downstream spac-
ing from the downstream face,
while L, would denote the refer-
ence of the downstream  spacing
from the upstream face.)

NOTE6 When L, > 0,039 0/0,090 0 (=0,433 3) take
0,039 0 as the \alue of the coefficient of ﬁ‘(1

The values of |L, and L’, to be used in this equation,
when the spacings are in_accordance with the re-
quirements of|8.2.1.2, 8.2.4,3.or 8.2.2, are as follows:

— for corner tappings:

L1=L'2=0

ﬂ"(1 — ﬂ") |.
The Stolz equation is only valid for théJtapping ar-
rangements defined in 8.2.1 or 8.2.2, Inparti¢ular, it
is not permitted to enter into the, equation pairs of
values of I, and L', which do not-match ong of the
three standardized tapping arrangements.

8.3.3, is only valid whenthe measurement meets all
the limits of use specified in 8.3.1 and the general
installation requiréments specified in clause |7.

This formula, as well as ‘the uncertainties %Even in

Values of C a8 a“function of §, Re;, and D arg given
for convenience in tables A.1 to A.11. These|values
are not intended for precise interpolation. Extrapo-
lation is’not permitted.

8.3.2.2 Expansibility [ expansion] factor, ¢,

For the three types of tapping arrangement, the
empirical formula for computing the expansibility
[expansion] factor, ¢, is as follows:

£1=1'—

This formula is applicable only within the range of
the limits of use specified in 8.3.1.

Test results for the determination of ¢ are only
known for air, steam and natural gas. Hqwever,
there is no known objection to using the sae for-
mula for other gases and vapours the isentrdgpic ex-
ponent of which is known.

Meanwhile, the formula is applicable o¢nly if
Palpy > 0.75.

— for D and D/2 tappings:

22

Values of the expansibility [expansion] factor as a
function of the isentropic exponent, the pressure ra-
tio and the diameter ratio are given for convenience
in table A.14. These values are not intended for pre-
cise interpolation. Extrapolation is not permitted.
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Note that

A
&y = &4 1+%

8.3.3 Uncertainties

8.3.3.1 Uncertainty of discharge coefficient C

For all three types of tappings, when g, D, Re;, and
ki{D are assumed to be known without error, the
relative uncertainty of the value of C is equal to

ISO 5167-1:1991(E)

— the ISA 1932 nozzle, and

— the long radius nozzle,
which are different and are described separately.

Limits of use are given in 9.1.6.1 and 9.2.6.1.

9.1 ISA 1932 nozzle

Figure 7 shows the cross-section of an ISA 1932

nozzle at a plane passing through the centre-line of
the throat.

0,6 %|for f < 0,6
B % for 0,6 < B < 0,75

8.3.3.2 Uncertainty of expansibility [expansion]
factor ¢,

When B, |Ap/p; and x are assumed to be known
without efror, the relative uncertainty, in per cent,
of the valyie of ¢4 is equal to

Ap
45

8.4 Pressure loss, Aw
8.4.1 The pressure loss, Aw, for the orifice plates

described in this part of ISO 5167 is approximately
related tp the differential pressure Ap by the

equation
J1-8 —cp
Ap
J1-B +Cp?

This pressure loss is the difference(in static press-

Aw =|

The letters in the following text refer'to t]\ose shown
on figure 7.

9.1.1 General shape
The part of the nozzle inside the pipe is dircular. The
nozzle consists of a_convergent section,|of rounded
profile, and a cylindrical throat.

9.1.2 Nozzle profile 1

9.1.21 _The profile of the nozzle may [be charac-
terized-by distinguishing

—~@ flat inlet part A, perpendicular to the centre-
line,

— a convergent section defined by two |arcs of cir-
cumference B and C,

— a cylindrical throat E, and

— a recess F which is required only if|[damage to
the edge f is feared.

ure betwd
the upstre
where the

en the pressure measured at the wall on
am side of the primary device at a section
influence of the approach impact press-

ure adjacent to the plate is-still negligible (approxi-

mately D
measured
device w

upstream of the jprimary device) and that
on the downstream side of the primary
ere the sstatic pressure recovery by ex-

9.1.2.2 The flat inlet part A is limited b
ference centred on the axis of revolution
ameter of 1,5d, and by the inside circur
the pipe, of diameter D.

When d=2D/3, the radial width of this
zero.

y a circum-
, with a di-
hference of

flat part is

pansion gf the jet\may be considered as just com-
pleted (gpproximately 6D downstream of the
primary device).

When d is greater than 2D/3, the upstrgam face of
the nozzle does not include a flat inlet pant within the
pipe—In-this casethe nozzle ismanufactured as if

8.4.2 For orifice plates, another approximate value
of Aw/[Ap is

Aw . 19
Ap =1-8
9 Nozzles

There are two types of standard nozzle,

D is greater than 1,5d and the inlet flat part is then
faced off so that the largest diameter of the conver-
gent profile is just equal to D [see 9.1.2.7 and
figure 7b)].

9.1.2.3 The arc of circumference B is tangential to
the fat inlet part A when d < 2D/3 while its radius
R, is equal to 0,2d + 10 % for B < 0,5 and to 0,2d +
3 % for § > 0,5. Its centre is at 0,2d from the inlet
plane and at 0,75d from the axial centre-line.
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H a 1 b
Portion to
be cut of f
NINZ NN %
NN \
/ N /v~"
NS / AN\ e
a, b /2
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B 4
/ /j See 9.1.2.7
Ic
E t
0,604 1 d
[~ [ D} R § -2 ) Q 1.\
e Flow direction sle s Flow direction e
06041 d
N
2 2
dd<g 3 D b) d> 3 D
Figure 7 — ISA 1932 nozzle
9.1.2.4 The afc of circumference C is\tangential to The throat shall be cylindrical. No diameter [of any
the arc of cirqumference B and to (the throat E. Its cross-section shall differ by more than 0,05 % from
radius R, is equal to d/3 + 10 %.for # < 0,5 and to the value of the mean diameter. This requirement is
d3+3% for p>05 _lis) centre is at considered to be satisfied when the deviationq in the
d|2 + d|3 = 5d[6 from the axial centre-line and at length of any of the measured diameters gomply
with the said requirement in respect of deyiation
d=0,304 1d from the mean.

from the flat inflet’part A.

9.1.26 The recess F has a diameter ¢ equdl to at
least 1,06d and a length less than or equal to|0,03d.

The ratio of the height (¢ — d)J2 of the recess to its
axial length shall not be greater than 1,2.

9.1.25 The throat E has a diameter d and a length

b=0,3d. The outlet edge f shall be sharp.

The value d of the diameter of the throat shall be 9.1.2.7 The total length of the nozzle, excluding the
taken as the mean of the measurements of at least recess F, is 0,604 1d when d is less than or equal to
four diameters distributed in axial planes and at 2D/3 and is shorter, due to the inlet profile, if d is
approximately equal angles to each other. greater than 2D/3.
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The total length of the nozzle, excluding the recess,
as a function of # is equal to

0,604 1d for 03 < f <2

and
0,404 1 + 0.75 0'225
B

for 2<f<08

1/2
- 0,522 5) ]d

I1ISO 5167-1:1991(E)

< 0,145D for B < 0,67

< 02D for B >0,67
9.1.54 The diameter of the downstream tappings
shall be in accordance with 8.2.1.7. Corner tappings
as described in 8.2.2 may also be used.

9.1.6 Coefficients of ISA 1932 nozzles

9.1.6.1 Limits of use

9.1.2.8 The profile of the convergent inlet shall be
checked by means of a template.

Two dianfeters of the convergent inlet in the same
plane perpendicular to the axial centre-line shall not
differ fromp each other by more than 0,1 % of their
mean valte.

9.1.2.9 The surface of the upstream face and the
throat shpll be polished such that they have a
roughness$ criterion R, < 10~ d. -

9.1.3 Downstream face

9.1.3.1 The thickness H shall not exceed 0,1D.
9.1.3.2 Apart from the above condition, the profile
and the sprface finish of the downstream face are
not specifled (see 9.1.1).

9.1.4 Material and manufacture

The requirements given in 8.1.9 apply equally to the
manufactyre of the ISA 1932 nozzle.

9.1.5 Pressure tappings

9.1.5.1 Corner pressure tappings shall be used up-
stream of the nozzle.

9.1.5.2 The upstreamycorner tappings shall comply
with the requirements‘in 8.2.2.

9.1.5.3 The dewnstream pressure tappings may or
may not be’corner tappings, but in all cases the

This type of nozzle shall only be used in accordance
with this part of ISO 5167 when

50 mm < D < 500 mm

3<p<08

and when Rep, is withijmthe following limits:

for 0,30 < f <044 7 x 10" < Rep K 10

for 0,44 < <080 2 x 10° < Rep K 10

In additior, the relative roughness of the pipe shall
conform with the values given in table 4.

Most of the experiments on which the vglues of the
discharge coefficient C given in this part pf ISO 5167
are based were carried out in pipes with a relative
roughness k/D < 3,8 x 10™* . Pipes with {lgher rela-
tive roughness may be used if the roughness for a
distance of at least 10D upstream of the nozzle is,
within the limits given in table4 (see 8(3.1 for the
estimation of k/D).

9.1.6.2 Discharge coefficient, C

The discharge coefficient, C, is given by|the follow-
ing formula:

C=0,990 0 — 0,226 2p*"' —

a5y 10° !
— (0,001 754” ~ 0,003 36" )} ——
)

Values of C as a function of  and Re,, arle given for
convenience in table A.12. These values Jare not in-

distance between the centre of the tapping and the
upstream face of the nozzle shall be

tended for precise interpolation. Extrapolation is not
permitted.

Table 4 — Upper limits of relative roughness of the upstream pipe for ISA 1932 nozzles

B8 <035 0,36 0,38 0,40 0,42 0,44

0,46 0,48 0,50 0,60 0,70 0,77 0,80

104 k/D 25 18,6 13,5 10,6 8,7 7,5

6,7 6,1 56 4,5 4,0 3,9 39
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9.1.6.3 Expansibllity [expansion] factor, ¢,

The expansibility [expansion] factor, ¢, is calcu-

9.2 Long radius nozzles

9.21 General

lated by means of the following formula:

1 /34 There are two types of long radius nozzle, which are
£y =
' [( )( 1 g2 )

called
1— T(x — )/ 12
x ———— e
(*5=)

2
ol

x—1

— high-ratio nozzles (0,25 < # < 0,8), and

— low-ratio nozzles (0,20 < f < 0,5).

For § values between 0,25 and 0,5, either design
d

This formula i of B, Dan
Rey, as specified in 9.1.6.1. Test results for determi- Figure 8 illustrates the geometric shapes(of lpng ra-
nation of ¢4 are only known for air, steam and natu- dius nozzles, showing cross-sections passing
ral gas. However, there is no known objection to through the throat centre-lines.
using the same formula for other gases and vapours
for which the {sentropic exponent is known. The reference letters used in thetext refer to those
. . . shown on figure 8.
However, the formula is applicable only if
palpy > 0.75.
Values of the |expansibility [expansion] factor for a —
range of isen]:;opic exponents, pressure ratios and o
diameter ratios are given for convenience in _-—+—~.‘\ w| g™
table A.15. Thegse values are not intended for precise 2277 e —1
interpolation. Extrapolation is not permitted.
o
Note that 2 ! 0.6d Q|
Ap o g b
ez=81\/1+7g 81— & | Howdrecion — ] 8|
A B\
9.1.7 Uncertainties \\
272 \ c
9.1.7.1 Uncertainty of discharge coefficient.C \ a) High ratlo
N 0,25< <08
When B, D, R¢p and k/D are assumed-to-be known H
without error,|the relative uncertaipty of the value _
of Cis equal tp /—-l»—\\
08% for B <06 2z 1_ \\
(28 — 0,4) % for f >0 8 // l B3 |
V4 o
d 06d
9.1.7.2 Uncertainty 'of expansiblility [expansion] Q|__ & I 3
factor ¢, s 8 | ~|Fow drection e
The relative uncertainty, in per cent, of ¢ is equal to W\
Ap Y B C
2—— i 7
P CZ é b) Low ratfo
020< 1 <05
9.1.8 Pressure loss, Aw M

Subclause 8.4.1 applies equally to the pressure loss

of ISA 1932 nozzles (but 8.4.2 does not apply). Figure 8 — Long radius nozzles
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Both types of nozzle consist of a convergent inlet,
whose shape is a quarter ellipse, and a cylindrical
throat.

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

9.2.2 Profile of high-ratio nozzle

ISO 5167-1:1991(E)

9.2.2.5 The thickness I shall be greater than or
equal to 3 mm and less than or equal to 0,15D. The
thickness F of the throat shall be between 3 mm and
13 mm.

9.2.2.6 The surface of the inner face shall have a
roughness criterion R, < 10" "d.

9.2,2.7 The shape of the downstream (outside) face
is not specified but shall comply with 9.2.2.4 and
9.2.2.5 and the last sentence of 9.2.1.

— a convergent section A,
— a cylindrical throat B, and

— a plainf end C.

9.2.2.2 The convergent section A has the shape of
a quarter fellipse.

The centrp of the ellipse is at a distance D/2 from
the axial [centre-line. The major centre-line of the
ellipse is parallel to the axial centre-line. The value
of half the¢ major axis is D/2. The value of half the
minor axig is (D — d)/2.

The profile of the convergent section shall be
checked Hy means of a template. Two diameters of
the convergent section in the same plane perpen-
dicular to[the centre-line shall not differ from each
other by more than 0,1 % of their mean value.

9.2.2.3 The throat B has a diameter d and 4 length
0,6d.

The value| d of the diameter of the throat shall be
taken as the mean of the measurements of at least
four diameters distributed in_-axial planes and at
approximately equal angles:to each other.

The throa{ shall be cylindrical. Any diameter of any
cross-secfion shall not-differ by more than 0,05 %
from the Value of the’mean diameter. Measurement
at a sufficient snumber of cross-sections shall be
made to determine that under no circumstances is
the throat| divergent in the direction of flow; within

high-ratio nozzle apply also to the low-rgtio nozzle
with the exception of the shape of the ellipse itself
which is given in 9.2.3.2.

9.2.3.2 The convergent inlet A has the [shape of a
quarter ellipse. Theccentre of the ellipselis at a dis-
tance d[2 + 2d|3 =74d|6 from the axial fentre-line.
The major axis ofithe ellipse is parallel {o the axial
centre-line. The value of half the major ayis is d. The
value of half.the minor axis is 2d/3.

9.2.4 . Material and manufacture

The requirements given in 8.1.9 apply to|the manu-
facture of long radius nozzles.

9.2.5 Pressure tappings

9.2.51 The pressure tappings shall comply with the
description given in 8.2.1.

9.25.2 The centrlc)e-line of the upstream tapping
shall be at 1D fg:fD from the inlet face of the nozzle.

The centre-line of the downstream tapping shall be
at 0,50D + 0,01D from the inlet face of fthe nozzle
with the condition that it shall not in any case be
further downstream than the nozzle outl

9.2.5.3 The upstream and downstream} pressure
tappings break through the inside wall offthe pipe.

9.2.6 Coefficients of long radius nozzles

the stated uncertainty limits it may be slightly con-
vergent. The section nearest the outlet is particu-
larly important in this respect. This requirement is
considered to be satisfied when the deviations in the
length of any of the measured diameters comply
with the said requirement in respect of its deviation
from the mean.

9.2.2.4 The distance between the pipe wall and the
outside face of the throat shall be greater than or
equal to 3 mm.

9.2.6.1 Limits of use

The long radius nozzles shall only be used in ac-
cordance with this part of ISO 5167 when

50 mm < D < 630 mm
02<6<08
104 < Rep, < 107

k/D < 10 x 10—
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9.2.6.2 Discharge coefficient, C

The discharge coefficients, C, are the same for both
types of long radius nozzle when the tappings are in
accordance with 9.2.5.

The discharge coefficient, C, is given by the follow-
ing formula, when referring to the upstream pipe
Reynolds number Rep.

osf 10° o
C=0,996 5— 0,006 538 ——
Rey,

— the classical Venturi tube, and

— the Venturi nozzle.
They are described in 10.1 and 10.2.

Limits of use are given in 10.1.5.1 and 10.2.4.1.

10.1 Classical Venturi tubes

10.1.1 Field of application

When referrinJ; to the Reynolds number at the throat
Rey, this formyla becomes

6 0,5
C=0,996 5 — 0,006 53( A0 )
Red

and, in this case, C is independent of the diameter
ratio §.

Values of C ag a function of  and Re,, are given for
convenience ip table A.13. These values are not in-
tended for prefise interpolation. Extrapolation is not
permitted.

9.2.6.3 Expansibility [expansion] factor, ¢,

The indications given in 9.1.6.3 apply also to the
expansibility [expansion] factor for long radius noz-
zles, but within the limits of use specified in 9.2.6.1.

9.2.7 Uncertajnties

9.2.71 Uncertainty of discharge coefficient C

When B and Re; are assumed to be known-without
error, the relative uncertainty of the value of C is
2,0 % for all values of g between 0,2 and’ 0,8.

9.2.7.2 Uncertainty of expansibjlity-{ expansion]
factor ¢,

The relative uncertainty, in-per cent, on ¢, is equal
to
Ap
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The field of application of the classical Venturj tubes
dealt with in this part of ISO 5167 depends jon the
way in which they are manufactured.

Three types of standard classical, Venturi tupe are
defined according to the method)of manufacture of
the internal surface of the éntrance cone ahd the
profile at the intersection ©f,the entrance cofe and
the throat. These three methods of manufactyre are
described in 10.1.1.1 to 10.1.1.3 and have sonewhat
different characteristics.

10.1.1.1 Classical Venturi tube with an “as cast”
convergent section

This is-a’classical Venturi tube made by casting in
a sand> mould or by other methods which lg¢ave a
finish on the surface of the convergent sectiop simi-
lar'to that produced by sand casting. The thfoat is
machined and the junctions between the cylinders
and cones are rounded.

These classical Venturi tubes can be used in| pipes
of diameter between 100 mm and 800 mm and hav-
ing diameter ratios 8 between 0,3 and 0,75 incjusive.

10.1.1.2 Classical Venturi tube with a machined
convergent section

This is a classical Venturi tube cast or fabricated as
in 10.1.1.1 but in which the convergent section is
machined as are the throat and the entrance| cylin-
der. The junctions between the cylinders and|cones
may or may not be rounded.

These classical Venturi tubes can be used in| pipes
ofdiamatar hatwiann B rven o d OCN o0 o laVing

9.2.8 Pressure loss, Aw

Subclause 8.4.1 applies equally to the pressure loss
of long radius nozzles (but 8.4.2 does not apply).

10 Venturi tubes

There are two different types of standard Venturi
tube,

28
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diameter ratios § between 0,4 and 0,75 inclusive.

10.1.1.3 Classical Venturi tube with a rough-welded
sheet-iron convergent section

This is a classical Venturi tube normally fabricated
by welding. For the larger sizes it is not machined
in any way, but in the smaller sizes the throat is
machined.
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These classical Venturi tubes can be used in pipes
of diameter between 200 mm and 1200 mm and
having diameter ratios # between 0,4 and 0,7 inclu-
sive.

10.1.2 General shape

Figure 9 shows a section through the centre-line of
the throat of a classical Venturi tube. The letters
used in the text refer to those shown on figure 9.

The class|cal Venturi tube is made up of an entrance
cylinder A connected to a conical convergent sec-
tion B, a ¢ylindrical throat C and a conical divergent
section E.| The internal surface of the device is cyl-
indrical apd concentric with the pipe centre-line. The
coaxiality| of the convergent section and the cylin-
drical thrgat is assessed by visual inspection.

Conical divergent E

7° to 15°

Flow direction

ISO 5167-1:1991(E)

10.1.21 The entrance cylinder A shall have a di-
ameter D which shall not differ from the pipe inside
diameter by more than 0,01D.

The minimum cylinder length, measured from the
plane containing the intersection of the cone
frustum B with the cylinder A, may vary as a result
of the manufacturing process (see 10.1.2.7 to
10.1.2.9). It is, however, recommended that it be
chosen to be equal to D.

The entrance cylinder diameter D shall be meas-

i e tappings.
The number of measurements shall be jat|least equal
to the number of pressure tappings (With |a minimum
of four).

The diameters shall be measured near gach pair of
pressure tappings, and also, between tIese pairs.
The arithmetic mean value of these measurements
shall be taken as the yalue of D in the cglculations.

Cylindrical throat C

Conlcal convergent:®’

Connecting planes

(0.9+0,02) d

Entrance cylinder A

See 10.1.4.7

Figure 9 — Geometric profile of the classical Venturi tube
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Diameters shall also be measured in planes other
than the plane of the pressure tappings.

No diameter along the entrance cylinder shall differ
by more than 0,4 % from the value of the mean di-
ameter. This requirement is satisfied when the dif-
ference in the length of any of the measured
diameters complies with the said requirement in re-
spect of the mean of the measured diameters.

10.1.2.2 The convergent section B shall be conical
and shall ha i 21° 4+ 1° for all

number of pressure tappings (with a minimum of
four). The diameters shall be measured near each
pair of pressure tappings and also between these
pairs. The arithmetic mean value of all these meas-
urements shall be taken as the value of d in the
calculations.

Diameters shall also be measured in planes other
than the plane of the pressure tappings.

No diameter along the throat shall differ by more
than 0,1 % of the value of the mean diameter. This
requirement is satisfied when the difference in the

types of clasgical Venturi tube. It is limited upstream
by the plane containing the intersection of the cone
frustum B with the entrance cylinder A (or their
prolongationy) and downstream by the plane con-
taining the intersection of the cone frustum B with
the throat C (pr their prolongations).

The overall length of the convergent B measured
parallel to the centre-line of the Venturi tube is
therefore approximately equal to 2,7(D — d).

The converg
cylinder A by
which depenc

The profile

tween the te

nt section B is blended to the entrance
a curvature of radius R,, the value of
s on the type of classical Venturi tube.

pf the convergent section shall be

plate and the conical section of the

checked by nEans of a template. The deviation be-

convergent s
0.4 % of D.

The internal
convergent s
revolution th
plane perpen
differ from th
than 0,4 %.

ction shall not exceed, in any place,

surface of the conical section of the
ection is taken as being a surface (of
n two diameters situated in the same
icular to the axis of revolution-do not
e value of the mean diameter\by more

It shall be chtcked in the same way that the joining

curvature wit

10.1.23 The

a radius R, is a surface of revolution.

throat C shall"be cylindrical with a di-

ameter d. It
taining the i

s limited-upstream by the plane con-
ersectionvof the cone frustum B with

the throat C| (or, their prolongations) and down-
stream by thg plane containing the intersection of
the throat with the cone frustum E (or their

length of any of the measured diametershcomplies
with the said requirement in respect of-the mean of
the measured diameters.

The throat of the classical Venturi tube shall|be ma-
chined or be of equivalent smoothness oyer the
whole of its length to the surface roughness$ speci-
fied in 10.1.2.6.

It shall be checked that-the joining curvatuges into
the throat with radii(R; and R; are surfaces pf revo-
lution as described in 10.1.2.2. This requirement is
satisfied when two diameters, situated in the same
plane perpendicular to the axis of revolution| do not
differ from‘the value of the mean diameter Hy more
than 0,1, %.

The values of the radii of curvature R, and R; shall
be‘checked by means of a template.

The deviation between the template and the clas-
sical Venturi tube shall evolve in a regular way for
each curvature so that the single maximu devi-
ation that is measured occurs at approximately
mid-way along the template profile. The valug of this
maximum deviation shall not exceed 0,02d.

10.1.2.4 The divergent section E shall be |conical
and may have an included angle of between| 7° and
15°; it is, however, recommended that an angle be-
tween 7° and 8° be chosen. Its smallest d{ameter
shall not be less than the throat diameter.

10.1.2.5 A classical Venturi tube is called “trun-
cated” when the outlet diameter of the divergent
section is less than the diameter D and “nbt trun-

prolongations). The length of the throat C, i.e. the
distance between those two planes, shall be equal
to d whatever the type of classical Venturi tube.

The throat C is connected to the convergent
section B by a curvature of radius R, and to the di-
vergent section E by a curvature of radius R,. The
values of R, and R, depend on the type of classical
Venturi tube.

The diameter d shall be measured very carefully in
the plane of the throat pressure tappings. The num-
ber of measurements shall be at least equal to the

30

cated” when the outlet diameter is equal to diameter
D. The divergent portion may be truncated by about
35 % of its length without notably modifying the
pressure loss of the device.

10.1.2.6 The roughness criterion R, of the throat
and that of the adjacent curvature shall be as small
as possible and shall always be less than 10~ 5d(see
6.1.2). The divergent section is roughcast. its internal
surface shall be clean and smooth. The roughness
of other parts of the classical Venturi tube depends
on the type considered.
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10.1.2.7 The profile of the classical Venturi tube
with an “as cast” convergent section has the fol-
lowing characteristics.

The internal surface of the convergent section B is
sand cast and unmachined. It shall be free from
cracks, fissures, depressions, irregularities and im-
purities. The roughness criterion R, for the surface
shall be less than 10 *D.

The minimum length of the entrance cylinder A shall
be equal to the smaller of the following two values:
D and 0,25D + 250 mm (see 10.1.2.1).

ISO 5167-1:1991(E)

10.1.2.9 The profile of the classical Venturi tube
with a rough-welded sheet-iron convergent section
has the following characteristics.

The minimum length of the entrance cylinder A shall
be equal to D.

There shall be no joining curvature between the en-
trance cylinder A and the convergent section B other
than that resulting from welding.

There shall be no joining curvature between the
convergent section B and the throat C other than

The internal surface of the entrance cylinder A may
be left “a$ cast” provided that it has the same sur-
face finish as the convergent section B.

The radiys of curvature R, shall be equal to
1,375D + PO %.

The radiys of curvature R, shall be equal to
3,625d + 0,125d.

The length of the cylindrical part of the throat shall
be not legs than df3. In addition, the length of the
cylindrical part between the end of the joining cur-
vature R, jand the plane of the pressure tappings, as
well as th¢ length of the cylindrical part between the
plane of {he throat pressure tappings and the be-
ginning of|the joining curvature R;, shall be not less
than d/6 ($ee also 10.1.2.3 for the throat length).

The radiu$ of curvature R, shall lie between 5d and
15d. Its vglue shall increase as the divergent angle
decreaseq. A value close to 10d is recommended.

10.1.2.8 The profile of the classical Venturi tube
with a machined convergent section has the follow-
ing charagteristics.

The minimum length of the entrance/cylinder A shall
be equal {fo D.

The radiup of curvature R(shall be less than 0,25D
and prefefably equal to.zero.

The radiup of curvature R, shall be less than 0,25d
and prefefably equal'to zero.

The length of‘the throat cylindrical part between the
end of the¢ cUrvature R, and the plane of the throat

that resulting from welding.

There shall be no joining curvature“bgtween the
throat C and the divergent section'E.

The internal surface of the efitrance cylinder A and
the convergent section B shall be cleapn and free
from encrustation and welding deposits.| it may be
galvanized. Its roughness criterion R, shdll be about
5x 10 'D.

The internal welded seams shall be flugh with the
surrounding-Sdrfaces. They shall not be|located in
the vicinityyof/the pressure tappings.

10.1.3<-Material and manufacture

10:1.3.1 The classical Venturi tube may| be manu-
factured from any material, provided that|it is in ac-
cordance with the foregoing description and will
remain so during use.

10.1.3.2 It is also recommended that the conver-
gent section B and the throat C be joined as one
part. It is recommended that in the casg of a clas-
sical Venturi tube with a machined convprgent, the
throat and the convergent section be manufactured
from one piece of material. If, however, they are
made in two separate parts they shall be pssembled
before the internal surface is finally machined.

10.1.3.3 Particular care shall be given tq the centr-
ing of the divergent section E on the thfoat. There
shall be no step in diameters between the two parts.

This can be established by touch beforg the clas-
sical Venturi tube is installed, but after thp divergent

pressure tappings shall be not less than 0,25d.

The length of the throat cylindrical part between the
plane of the throat pressure tappings and the be-
ginning of the joining curvature R, shall be not less
than 0,3d.

The radius of curvature R; shall be less than 0,25d
and preferably equal to zero.

The entrance cylinder and the convergent section
shall have a surface finish equal to that of the throat
(see 10.1.2.6).

section has been assembled with the throat section.

10.1.3.4 When a lining is added in the throat, it shall
be machined after being assembled.

10.1.4 Pressure tappings

101.41 The upstream and throat pressure
tappings shall be made in the form of separate pipe
wall pressure tappings interconnected by annular
chambers or piezometer rings.
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10.1.4.2 The diameter of these tappings shall be
between 4 mm and 10 mm and moreover shall
never be greater than 0,1D for the upstream
tappings and 0,13d for the throat pressure tappings.

It is recommended that pressure tappings as small
as compatible with the fluid be used (for example,
with its viscosity and cleanness).

10.1.4.3 At least four pressure tappings shall be
provided for the upstream and throat pressure
measurements. The centre-lines of the pressure

pressure tappings and the plane of intersection be-
tween the entrance cylinder A and the convergent
section B (or their prolongations) shall be

0,5D + 0,05D

For all types of classical Venturi tube, the spacing
between the plane containing the axes of the points
of break-through of the throat pressure tappings and
the intersection plane of the convergent section B
and the throat C (or their prolongations) shall be

0.5d + 0024

tappings s }
Venturi tube, shall form equal angles with each
other and ghall be contained in planes perpendicu-
lar to the centre-line of the classical Venturi tube.

10.1.4.4 Afl the point of break-through, the hole of
the pressune tapping shall be circular. The edges
shall be flugh with the pipe wall, free from burrs and
generally have no peculiarities. If joining curvatures
are required the radius shall not exceed one-tenth
of the diameter of the pressure tapping.

10.1.4.5 THe pressure tappings shall be cylindrical
over a length at least 2,5 times the internal diameter
of the tappihg, measured from the inner wall of the
pipeline.

10.1.4.6 Cgnformity of the pressure tappings with
the two foregoing requirements is assessed by vis-
ual inspectipn.

10.1.4.7 The spacing of a pressure tapping isthe
distance, mpasured on a straight line parallefto'the
centre-line of the classical Venturi tube, between the
centre-line pf the pressure tapping and the refer-
ence planeq defined below.

convergent |section; the spacing, between the up-
stream pregsure: tappings situated on the entrance

0,5D + 0[25D forD) between 100 mat avd 150 mm

and

10.1.4.8 The area of the free cross-sectipn of the
annular chamber of the pressure tappingg shall be
greater than or equal to half the\fotal arga of the
tapping holes connecting the chamber to the pipe.

It is recommended, however, that the chamber sec-
tion mentioned above shall be doubled when the
classical Venturi tube-is used with a minimum up-
stream straight length from a fitting causing non-
symmetrical flow.

10.1.5 Discharge coefficient, C

10.1.5.1< Limits of use

multaneous use of extreme values for D, f| and Re,,
shall be avoided as otherwise the uncertainties
given in 10.1.7 are likely to be increased.

Whatever the type of classical Venturi t;[)e, a si-

The effects of Rep, k/D and p on C are not|yet suffi-
ciently known for it to be possible to give reliable
values of C outside the limits defined for dach type
of classical Venturi tube. (See annex B.)

10.1.5.2 Discharge coefficient of the classical
Venturi tube with an “as cast” convergent section

Classical Venturi tubes with an “as cast” copvergent
section can only be used in accordance Wwith this
part of ISO 5167 when

100 mm < D < 800 mm

0R<F <O

05D _8,25 p for D between 150 mm awd! 800 risrn.

For classical Venturi tubes with a machined! conver-
gent section and with a rough-welded shest:irsm
convergent, the spacing between the upstiasgim

32

2 x 105 < Rep <2 x 106

Under these conditisns the value of the discharge
coefficient C is

C = 0,984
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10.1.5.3 Discharge coefficient of the classical
Venturi tube with a machined convergent section

Classical Venturi tubes with a machined convergent
section can only be used in accordance with this

ISO 5167-1:1991(E)

10.1.7.3 Classical Venturi tube with a rough-welded
sheet-iron convergent section

The relative uncertainty of the discharge coefficient
as given in 10.1.5.4 is equal to 1,5 %".

part of ISO 5167 when

50 mm

< D <€ 250 mm

04<p <075

2x105 < Rep < 1 x 106

10.1.8 Uncertainty of the expansibility [expansion]

factor ¢,
The relative uncertainty, in per cent, of g4

(44 1nnna\ﬂ
- 7

is equal to

Under these conditions the value of the discharge
coefficient| C is

C = 0,895

10.1.5.4

ischarge coefficient of the classical

Venturi tube with a rough-welded sheet-iron
convergent section

Classical

enturi tubes with a rough-welded sheet-

iron convgrgent section can only be used in accord-
ance with this part of ISO 5167 when

200 mm < D < 1200 mm

04 <

2 x 105

Under the
coefficient

C =0,

10.1.6 Ex

<07

<RCD<2X106

5e conditions the value of the discharge
Cis

085

pansibility [expansion] factor, s,

The indic

tions given in 9.1.6.3 also apply to the

Dy
10.1.9 Pressure loss

10.1.9.1 Definition of the pressure loss (s
figure 10)

The pressure loss caused by a classical V

made prior and subsequent to the install

ee

enturi tube

tion of the

may be determined-/by pressure measurements

Venturi tube ina pipe through which ther
flow.

If Ap' is\the difference in pressure, meas

is a given

ured prior

to the<installation of the Venturi tube, between two

pressure tappings one of which is situat

ed at least

D. upstream of the flanges where the Veénturi tube

will be inserted and the other of which ig
stream of the same flanges, and if Ap"’ is
ence in pressure measured between
pressure tappings after installation of t
tube between these flanges, then the pre
caused by the Venturi tube is given by Ag

10.1.9.2 Relative pressure loss

6D down-
the differ-
the same
he Venturi
ssure loss
1 —_ Apl‘

The relative pressure loss, &, is the value of the

expansibility [expansion] factor for the different
types of clpssical Venturi tubgs; but within the limits
of use specified in 10.1.5.2+10.1.5.3 or 10.1.54 as

appropria

10.1.7 Uncertainty of the discharge coefficient C

10.1.71

lassical Venturi tube with an “as cast”

convergent sSection

pressure loss Ap'’ — Ap’ related to the
pressure Ap:

Ap/) —_ Apl

{= Ap

It depends, in particular, on

— the diameter ratio (¢ decreases W

differential

hen B in-

nraacnc)-
¥ k)

The relative uncertainty of the discharge coefficient
as given in 10.1.5.2 is equal to 0,7 %",

10.1.7.2 Classical Venturi tube with a machined
convergent section

The relative uncertainty of the discharge coefficient
as given in 10.1.5.3 is equal to 1 %M.

— the Reynolds number (¢ decreases when Rey, in-

creases);

— the manufacturing characteristics of the Venturi
tube: angle of the divergent, manufacturing of the
convergent, surface finish of the different parts,
etc. (¢ increases when ¢ and k/D increase);

11) The differences between the uncertainties show on the one hand the number of results available for each type of
classical Venturi tube and on the other hand the more or less precise definition of the geometric profile.
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0
Lo

.

— Pressure loss

e a———

7®—_

Flow direction

4od-—
|

Smee

— the installation. conditions (good alignment,
roughnes§ of the upstream conduit, etc.).

For guidance] the relative value of the pressure loss
can be accepted as being generally between 5 %
and 20 %.

Annex C gives, for guidance only, some information
on the effect pf these different factors on the values
the pressure Joss ¢ is. likely to have.

10.2 Venturi nozzle

10.2.1 General shape

10.21.1 The| profile of the Venturi-nozzle (see
figure 11) is axisymmetric. It consists of a conver-
gent section,| with a rounded,profile, a cylindrical
throat and a divergent section.

10.2.1.2 The|upstream-face is identical with that of
an ISA 1932 nozzle (seefigure 7).

The descriptionsin'9.1.2.2 to 9.1.2.4 apply equally to
the Venturi nozzle.

Figure 10 — Pressure loss across a classical Venturi tube

the value of the mean diameter. This requirdment is
considered. as satisfied when the deviations in the
length of any of the measured diameters |comply
with the ‘'said requirement in respect of deviation
from.the’ mean.

10:21.4 The divergent section (see figure 11) shall
be connected with the part E” of the throat wjthout a
rounded part, but any burrs shall be removef.

The included angle of the divergent section, |p, shall
be less than or equal to 30°.

The length L of the divergent section has practically
no influence on the discharge coefficient . How-
ever, the included angle of the divergent $ection,
and hence the length, does influence the pfessure
loss.

10.2.1.5 The Venturi nozzle may be truncated in the
same way as the classical Venturi tube (see
10.1.2.5).

10.2.1.6 The internal surfaces of the Venturil nozzle

shall have a roughness criterion R, < 10™[d (see
68142}
6-4-2)-

10.2.1.3 The throat (see figure 11) consists of a
part E of length 0,3d which is the same as for the ISA
1932 nozzle (see figure7) and a part E’ of a length
0,4d to 0,45d.

The value d of the diameter of the throat shall be
taken as the mean of measurements of at least four
diameters distributed in axial planes and at
approximately equal angles to each other.

The throat shall be cylindrical. No diameter of any
cross-section shall differ by more than 0,05 % from

34

10.2.2 Material and manufacture

10.2.21 The Venturi nozzle may be manufactured
from any material provided that it is in accordance
with the description in 10.2.1 and will remain so
during use. In particular, the Venturi nozzle shall be
clean when the flow measurements are made.

10.2.2.2 The Venturi nozzle is usually made of
metal, and shall be erosion and corrosion proof
against the fluid with which it is to be used.
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10.2.3 Pressure tappings

10.2.3.1 Angular position of pressuare tappings
The centr¢-lines of the pressuwe tappings may be

located in|any axial sectorcof\the pipe. Attention is
drawn to the informationgiven in 8.2.

10.2.3.2 Upstream pressure tappings

The upstream pressure tappings shall be corner
tappings identical with those of an ISA 1932 nozzle,

Figure-11 — Venturi nozzles

zle, which is the imaginary border betweep the parts
E and E’ of the cylindrical throat.

The tappings shall always be large enofigh to en-
sure that clogging by dirt or gas bubbles is pre-
vented.

The diameter 8, of the individual tappifgs in the
throat of Venturi nozzles shall be less thgn or equal
to 0,04d and moreover shall be between |2 mm and
10 mm.

10.2.4 Coefficients

as defined 1m 8-2:2(see also figures 11 and 12).

10.2.3.3 Throat pressure tapping

The throat pressure tapping shall comprise at least
four single pressure tappings leading into an
annular chamber or piezometer ring. Annular slots
or interrupted slots shall not be used.

The centre-lines of the pressure tappings shall meet
the centre-line of the Venturi nozzle, shall be at
equal angles to each other, and shall lie in the plane
perpendicular to the centre-line of the Venturi noz-

10.2.4.1 Limits of use

Venturi nozzles shall only be used in accordance
with this part of ISO 5167 when

65 mm < D < 500 mm
d > 50 mm
0,316 < f < 0,775

1,5 x 10° < Rep < 2 x 10°

35


https://standardsiso.com/api/?name=b4869e57ae08f65886827bf35a15fcb4

ISO 5167-1:1991(E)

In addition, the roughness of the pipe shall conform
with the values given in table 5.

Most of the experiments on which the values of the
discharge coefficient C are based were carried out
on pipes with a relative roughness
kID <38x10" % Pipes with higher relative
roughness may be used if the roughness over a
distance of at least 10D upstream of the primary
device is within the limits of table 5 (see 8.3.1 for the
estimation of k/D).

NOTE 7  Within the limits specified in 10.2.4.1, C is in-
dependent of the Reynolds number and of the pipe diam-
eter D.

10.2.4.3 Expansibility [expansion] factor, ¢,
The indications given in 9.1.6.3 also apply to the

expansibility [expansion] factor for Venturi nozzles,
but within the limits of use specified in 10.2.4.1.

10.2.5 Uncertainties

10.2.4.2 Disghargecoefficient €

The discharge coefficient, C, is given by the formula
C=0,98% 8 — 0,1968"°

Values of C|as a function of § are given for con-
venience in |table A.16. They are not intended for
precise interpolation. Extrapolation is not permitted.

&8
a) with annular stot  «

o0
1
|

b) with individuat
corner tappings

__ILg.

)
\ ﬁ—‘
[
LW - 62__'____{__3

10.2.5.1 Uncertainty of discharge coefficient C

Within the limits of use specified in"10.2{4.1 and
when B is assumed to be known wijthout efror, the
relative uncertainty of the valués’of the discharge
coefficient C, in per cent, is equal to

(1,2 +1,5%)

-
—

ﬂé_—

Figure 12 — Venturi nozzle fitted with a carrier ring

Flow direction

—————— -

ﬁg,

Table 5 — Upper limits of relative roughness of the upstream pipe for venturi nozzles

g <035 0,36 0,38 0,40 0,42

0,44 0,46 0,48 0,50 0,60 0,70 0,775

104 k/D 25 18,6 13,5 10,6 8,7

7,5 6,7 6,1 5,6 45 4,0 3,98
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10.2.5.2 Uncertainty of expansibility [expansion]
factor ¢,

The relative uncertainty, in per cent, of ¢4 is equal to

& Ap
(4+100ﬂ)7

10.2.6 Pressure loss

The indications given in 10.1.9 also apply to Venturi
nozzles when the divergent angle is not greater than

ISO 5167-1:1991(E)

errors having a distribution conforming to the
Laplace-Gauss normal law.

The uncertainty of the flow measurement so defined
is, in practice, equivalent to twice the standard de-
viation used in statistical terminology and it is ob-
tained by combining the partial uncertainties on the
individual quantities which are used in the calcu-
lation of the flow-rate, assuming them to be small,
numerous and independent of each other.

11.1.5 For convenience a distinction is made be-

15°.

11 Uncertainties on the measurement of
flow-rate

Useful general information for calculation of the un-
certainty ¢f a measurement of flow-rate, together
with an example, are given in ISO 5168.

tween the uncertainties linked to meapurements
made by the user and those linkedOto |quantities
specified in this part of ISO 5167. The laiter uncer-
tainties are on the discharge coefficient and the
expansibility [expansion] factar; they givé the mini-
mum uncertainty with which)the measurement is
unavoidably tainted, sincé-the user has ho control
over these values. They, occur because g$mall vari-
ations in the geometfy-of the device are aljowed and
because the investigations on which the values have

11.1 Defjnition of uncertainty

11.11 For
uncertainty

the purposes of this part of ISO 5167 the
is defined as a range of values within

which the [true value of the measurement is esti-
mated to Ii[ at the 95 % probability level.

In some ¢
associated
than 95 %

ses, the confidence level which can be
with this range of values will be greater
but this will be so only where the value

of a quantjty used in the calculation of flow-rate s

known with

a confidence level in excess of 95 %:in

such a casp, reference shall be made to ISO-5168.

11.1.2 Thd

uncertainty on the measurement of the

flow-rate s'[lall be calculated and given under this

name whe

ever a measurement is\claimed to be in

conformity with this part of ISO 5167.

1113 The

uncertainty canbe expressed in abso-

lute or relftive terms .and’ the result of the flow

measurem
following fq

nt can then-be given in any one of the
rms:

been based could)not be made under “i
ditions, nor without some uncertainty.

11.2  Practical computation of the un¢

1121 The basic formula of computati
mass rate of flow ¢, is

n dz A/ 2Ap9|

4 1—ﬂ4

In fact, the various quantities which apps
right-hand side of this formula are not ind
so that it is not correct to compute the u
of g, directly from the uncertainties of the|
ties.

9m = Cal

eal” con-

tertainty

bn of the

ar on the
pendent,
Ecertainty
e quanti-

For example, C is a function of d, D, «, U,, vq and

01 and g4 is a function of d, D, Ap, p, and «.

11.2.11 However, it is sufficient, for mos
purposes, to assume that the uncertaintie
d, Ap and ¢, are independent of each othe

l practical
5 of C, €1,
r.

11.21.2 A practical working formula for] 8¢, may

rateofl::: =(q + dq
rate of =q(t=+e)
rate of flow = ¢ within (100e) %

where the uncertainty 8¢ shall have the same di-
mensions as ¢ while €, = d4q/q and is dimensionless.

11.1.4 Although for one single measuring device
and for coefficients used in one test, some of these
partial uncertainties may in reality be the result of
systematic errors (of which only an estimation of
their maximum absolute value can be known) their
combination is permitted as if they were random

then be derived, which takes account of the interde-
pendence of C on d and D which enters into the
calculation as a consequence of the dependence of
C on f. It shall be noted that C may aiso be de-
pendent on the Reynolds number Rep,. However, the
deviations of C due to these influences are of a
second order and are included in the uncertainty on
C.

Similarly, the deviations of ¢4 which are due to un-
certainties in the value of 8, the pressure ratio and
the isentropic exponent are also of a second order
and are included in the uncertainty on ;4.
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11.2.1.3 The uncertainties which shall be included
in a practical working formula for 8¢, are therefore
those of the quantities C, ¢4, d, D, Ap and p;4.

11.2.2 The practical working formula for the uncer-
tainty, 84, of the mass rate of flow is as follows:

34, sC\2, (8 )
T8 ()
2

11.2.21 In the formula above, the values of §C/C
and of de¢fe, shall be taken from the appropriate
clauses of this part of ISO 5167.

11.2.2.2 When the straight lengths are such that an
additional uncertainty of 0,5 % is to be considered,
this additional uncertainty shall be added in accord-
ance with the requirements given in 7.2.4 and not
quadratically as with the other uncertainties in the
formula above. Other additional uncertainties (see
7.5.1.4 and 7.5.2.3) shall be added in the same way.

IENE CANEN A TAN
a\ hp 4\ o

In the formula above some of the uncertainties, such

as those

expansibility
part of ISO
others have

bn  the discharge coefficient and
[expansion] factor, are given in this
5167 (see 11.2.21 and 11.2.2.2) while
to be determined by the user (see

11.2.2.3 and 11.2.2.4).

T 223 —Imthe formuta above the maximum values
of 8D/D and 3d/d, which can be derived ‘ffom the
specifications given in clause 7 and in8,1.7] 9.1.2.5,
9.2.2.3, 10.1.2.3 and 10.2.1.3, can be* adopte(d or al-
ternatively the smaller actual values can ke com-
puted by the user. (The maximum value for 8D/D
may be taken as 0,4 % while the maximum Value for
dd]d may be taken as 0,07.%")

11.2.2.4 The values of-3Ap/Ap and dp,/e, $hall be
determined by they‘user because this [part of
ISO 5167 does not specify in detail the mgthod of
measurement.of the quantities Ap and 4.
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(informative)
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Tables of discharge coefficients and expansibility [expansion] factors

—Table A1 — Orifice plate with corner tappings— Discharge-coeffielent-C——

Dl:::'eoter Discharge coefficient, C, for Re, equal to
I 5x10% [ 1x104 | 2x104 | 3x10¢ | 5x10% [ 7x104 | 1 x105 | 3x105 | 1 x 108 | 1 x 107°]™1 = 1p® oo
0,20 0,5997 | 0,5986 | 0,5979 | 05977 | 0,5975 | 0,5973 | 0,5973 | 0,5971 | 0,5970 09,5970 | 0,59710 | 0,5970
0,22 0,6006 0,5993 0,598 4 0,598 1 0,597 8 0,5977 0,597 6 0,597 4 0,597 3 0,597 2 0,597|12 0,597 2
0,24 0,6018 0,6000 0,5990 0,598 6 0,598 2 0,598 1 0,597 9 0,5977 0,597 5 0,597 5 0,597|5 0,597 5
0,26 0,6031 | 0,6009 | 0,5996 | 0,5991 | 0,5987 | 0,5985 | 0,5983 | 05980 | 0,597'8 0,5978 | 0,597]7 | 0,5977
0,28 0,604 4 0,6019 0,6003 0,5997 0,5992 0,5989 0,598 7 0,598 3 0598 2 0,598 1 0,598(1 0,598 0
0,30 0,6060 | 0,6029 | 0,6011 0,6004 | 0,5997 | 05994 | 05992 | 05987 [NO/5985 | 0,5984 | 0,598(4 | 0,598 4
0,32 0,6077 | 0,6040 | 0,6019 | 06011 | 0,6003 | 0,6000 | 0,5997 | 0,5994\| 0,5089 | 0,5988 0,598|7 | 0,5987
0,34 0,6095 | 0,6053 | 0,6028 | 06018 | 0,6010 | 0,6005 | 0,6002 | 0,5996 | 0,5993 | 0,5991 0,599(1 | 0,5991
0,36 0,6115 0,606 6 0,6037 0,6026 0,6016 0,601 2 0,6008 0,600 1 0,5997 0,5995 0,5995 0,5995
0,38 0,6136 0,608 1 0,604 8 0,6035 0,602 4 0,6018 0,6014 0,6005 0,6002 0,6000 0,599(9 0,5999
0,40 06159 [ 0,6096 | 0,6059 | 06044 | 0,6031 | 0,6025 | 0,6020 | 0,6011 | 0,6006 | 0,6004 0,600(3 | 0,6003
0,42 06184 [ 06113 | 0,6070 | 06054 | 0,6039 | 0,6032 | 0,6026 | 0,6016 | 0,6011 | 0,6008 0,600(8 | 0,6008
0,44 06210 | 0,6130 | 06082 | 06064 | 0,6047 | 0,6039 |©,6033 | 0,6021 | 0,6016 | 0,6013 0,601(2 | 0,6012
0,46 06238 | 06148 | 0,6095 | 06074 | 0,6056 | 0,6047."0,6040 | 06027 | 0,6021 | 0,6017 0,601|7 | 0,6016
0,48 — 06167 | 0,6108 | 0,6085 | 0,6064 | 0,6055 | 0,6047 | 0,6032 | 0,6025 | 0,6021 | 0,602|1 0,602 1
0,50 — 06187 | 0,6121 0,6096 | 0,6073 | 06062 | 0,6053 | 06037 | 0,6030 | 0,6026 | 0,602/5 | 0,6025
0,51 — 06197 | 0,6128 | 0,6101 | 0,6077_| 0,6066 | 0,6057 | 0,6040 | 0,6032 | 06027 | 0,602[ 0,6026
0,52 — 0,6207 0,6135 0,6107 0,6082 0,607 0 0,606 0 0,604 2 0,6034 0,6029 0,602[8 0,602 8
0,53 — 0,6217 0,6141 0,6112 0,608 6 0,607 3 0,606 3 0,604 4 0,6036 0,603 1 0,603 0,6030
0,54 — 0,6228 0,614 8 0,6117 06090 0,607 7 0,606 6 0,6047 0,6037 0,603 2 0,603/ 0,603 1
0,55 - 06238 | 06155 | 0,6123 70,6094 | 06080 | 06069 | 0,6049 | 0,6039 | 0,6034 | 0,6038 | 0,6032
0,56 — 06249 | 06162 | 0,6428' | 06098 | 06084 | 06072 | 0,6050 | 0,6040 | 0,6035 | 0,6034 | 0,6034
0,57 - 0,6259 | 06168 | 06433 | 06102 | 0,6087 | 06074 | 06052 | 0,6041 0,6036 | 0,6035 | 0,6034
0,58 - 06270 | 0,6175_|. 06138 | 06105 | 0,6089 | 0,6077 | 0,6053 | 0,6042 | 0,6036 | 0,603 0,6035
0,59 — 06280 | 06181, [)0,6143 | 0,6108 | 0,6092 | 0,6079 | 06054 | 06043 | 06036 | 06035 | 0,6035
0,60 — 0,6291 | 0,6187 | 06147 | 06111 | 06094 | 06080 | 0,6055 | 0,6043 | 0,6036 | 0,6035 | 0,6035
0,61 — 0,6301 0,6193 0,6151 0,611 4 0,6096 0,608 2 0,6055 0,604 3 0,6036 0,603¢ 0,603 4
0,62 - 0,6311.1.0,6198 | 0,6155 | 06116 | 0,6098 | 0,6083 | 0,6055 | 0,6042 | 0,6035 | 0,6038 | 0,6033
0,63 — 06320 )| 0,6203 | 0,6158 | 06118 | 0,6099 | 0,6083 | 06054 | 06041 | 06033 | 0,603p | 0,6032
0,64 — 06330 | 0,6208 | 0,6161 { 06119 | 06099 | 0,6083 | 0,6053 | 0,6039 | 06031 | 0,603p | 0,6029
0,65 — 06339 | 0,6212 | 06164 | 06120 | 0,6099 | 06082 | 0,6051 | 0,6037 | 06028 | 0,602f | 06027
0,66 — 06348 | 0,6216 | 0,6165 | 06120 | 0,6099 | 0,6081 | 0,6048 | 0,6033 | 06025 | 0,602B | 0,6023
0,67 — 06356 | 06219 | 0,6167 | 06120 | 06097 | 0,6079 | 0,6045 | 0,6029 | 06021 | 0,601p | 0,6019
0,68 = 06363 | 0,6222 | 0,6167 | 06118 | 0,6095 | 0,6076 | 0,6041 | 0,6025 | 06016 | 0,601} | 0,6014
0,69 — 0,637 0 0,622 3 0,6167 06116 0,609 2 0,607 2 0.6036 06019 0,601 0 0,6008 0,6008
0,70 — 06376 | 06224 | 06165 | 06113 | 06088 | 06067 | 0,6030 | 0,6012 | 0,6003 | 0,6001 | 0,6000
0,71 - 06382 | 0,6224 | 0,6163 | 0,6109 | 06083 | 0,6061 | 0,6023 | 0,6004 | 0,5994 | 0,5993 | 0,592
0,72 — 06386 | 06222 | 0,6160 | 06103 | 06076 | 0,6054 | 0,6014 | 0,5995 | 0,5985 | 0,5983 | 0,598 3
0,73 — 06389 [ 0,6220 | 0,6155 | 0,6097 | 0,6069 | 0,6046 | 0,6004 | 0,5985 | 0,5974 | 0,5972 | 0,5972
0,74 — 06391 | 06216 | 0,6149 | 0,6089 | 0,6060 | 0,6036 | 0,5993 | 055973 | 0,5962 | 0,5960 | 0,5959
0,75 — 0,6392 | 0,621 1 06141 | 0,6079 | 06049 | 0,6025 | 0,5980 | 0,5959 | 0,5948 | 0,5946 | 0,5945
NOTE — This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted.
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Table A.2 — Orifice plate with D and D/2 tappings — Discharge coefficient, C

DI:::;‘" Discharge coefficient, C, for Re, equal to
B §5x10% | 1x104 | 2x104 | 3x104 | 5x10° | 7x104 | 1 x105 | 3x105 | 1 x 1085 | 1 x 107 | 1 x 108 oo
0,20 0,5997 [ 0,5985 | 05979 | 0,5976 | 0,5974 | 055973 | 05972 | 0,5970 | 05969 | 0,5969 | 0,5969 0,596 9
0,22 0,6006 | 0,5992 | 05984 | 0,5980 | 0,5977 | 05976 | 0,5975 | 0,5973 | 0,5972 | 0,5971 | 0,597 1 0,597 1
0,24 06017 | 0,6000 | 0,5989 | 0,5985 | 0,5981 | 0,5980 | 0,5978 | 0,5976 | 0,5974 | 0,597 4 0,5974 | 0,597 4
0,26 0,6030 | 0,6008 | 0,5995 | 0,5990 | 0,5986 | 0,5984 | 0,5982 | 05979 | 0,5977 | 05977 0,5976 | 0,5976
0,28 06043 | 06017 | 0,6002 | 0,5996 | 05991 | 0,5988 | 05986 | 0,5982 | 0,598 1 0,5980 | 05979 | 0,5979
0,30 - 0,6028 | 06010 | 0,6003 | 05996 | 0,5993 | 0,5991 | 05986 | 05984 | 0,5983 0,5983 | 0,5983
0,32 — 06039 | 06018 | 0,6010 | 0,6002 | 0,5999 | 0,5996 | 0,5990 | 0,5988 | 0,5987 0,5986 | 0,5986
0,34 — 0,6052 06027 06017 06009 06004 0,600 0,5985 0,589-2 0,589 85990 0,5990
0,36 — 0,6066 | 06037 | 06026 | 0,6016 | 06011 | 06007 | 0,6000 | 0,5997 | 0,5995 0,59941] [0,5994
0,38 — 0,6080 | 06047 | 06035 | 06023 | 0,6018 | 0,6013 | 0,6005 | 0,6001 0,5999 | 0,5999) | |0,599 9
0,40 — 0,6096 | 0,6059 | 0,6044 | 0,6031 | 0,6025 | 0,6020 | 0,6011 | 0,6006 | 0,6004 | 0,6004 0,600 3
0,42 - — 06071 | 06054 | 06040 | 06033 | 06027 | 0,6017 | 0,6012 | 0,6009 [“0,6009 | 0,6008
0,44 — — 06084 | 06065 | 06049 | 0,6041 | 0,6035 | 06023 | 06017 | 06014 | 0,6014 0,601 4
0,46 — - 0,6098 | 06077 | 0,6059 | 06050 | 0,6043 | 0,6030 | 0,6023 | 0,6020"| 0,6019 | |p,6019
0,48 - — 06112 | 06089 | 0,6069 | 0,6059 | 0,6051 | 0,6036 | 0,6030 | 00,6026 | 0,6025 0,602 5
0,50 — — 06127 | 0,6102 | 0,6079 | 0,6068 | 0,6060 | 0,6043 | 0,6036. |)0,6032 | 0,6031 0,603 1
0,51 - — 06135 | 06108 | 0,6085 | 0,6073 | 0,6064 | 0,6047 | 0,6039)| 0,6035 | 0,6034 0,603 4
0,52 - — 06143 | 06115 | 0,6090 | 0,6078 | 0,6068 | 06051 | 0;6042 | 0,6038 | 0,6037 0,6037
0,53 — — 06151 [ 06122 | 0,6096 | 0,6083 | 0,6073 | 0,6054 | 0;6046 | 0,6041 | 0,6040 | p,6040
0,54 — - 06159 | 06129 | 0,6101 | 0,6088 | 0,6077 | 0,6058/} 0,6049 | 06044 | 0,6043 0,604 3
0,55 — — 06168 | 06136 | 06107 | 0,6093 | 06082 | 0,606 | 0,6052 | 0,6047 | 0,6046 D,604 5
0,56 — - 06176 | 06143 | 06113 | 06098 | 0,6087 |.0,6065 | 0,6055 | 0,6049 | 0,6048 D,604 8
0,57 - - - 06150 | 0,6118 | 0,6103 | 0,6091,{"0,6069 | 0,6058 | 0,6052 | 0,6051 D,605 1
0,58 - - — 06157 | 0,6124 | 0,6108 | 0,6095 | 0,6072 | 0,6061 | 0,6055 | 0,6054 | 6054
0,59 — - — 06164 | 0,6130 | 06113 | 06100 | 0,6075 | 0,6064 | 0,6058 | 0,6056 D,605 6
0,60 - — - 06171 | 06135 | 0,6118 [.0,6104 | 06079 | 06067 | 0,6060 | 0,6059 | p,6059
0,61 — — — 06178 | 0,6141 | 0,6123{ 06108 | 0,6082 | 0,6069 | 0,6062 | 0,6061 D,606 1
0,62 - - — 06185 | 0,6146 | 0,6128-1 06112 | 0,6085 | 0,6072 | 0,6065 | 0,6063 | 06063
0,63 — — ~ 06192 | 06151 | 0,6432 | 06116 | 06087 | 0,6074 | 06067 | 0,6065 | 06065
0,64 - - — 06198 | 0,6156 | 0,6136 | 0,6120 | 0,6090 | 0,6076 | 0,6068 | 0,6067 D,606 7
0,65 — — — 0,6205 | 06164 0,6140 | 0,6123 | 0,6092 | 0,6078 | 0,6070 | 0,6068 D,606 8
0,66 — — — 06211 | 0,6166 | 06144 | 06127 | 0,6094 | 0,6079 | 0,6071 | 0,6069 D,606 9
0,67 — - — 06217 | 06170 | 06148 | 06130 | 0,6096 | 0,6080 | 0,6072 | 0,6070 0,607 0
0,68 — - — 0,6223 1\0,6175 | 0,6151 | 0,6132 | 0,6097 | 0,6081 | 0,6072 | 0,6070 | 9,607 0
0,69 — - - 0,6229\|" 06178 | 06154 | 06134 | 0,6098 | 0,6081 | 0,6072 | 0,6070 ,607 0
0,70 — — — < 06182 | 06157 | 06136 | 0,6099 | 0,6081 | 0,6071 | 0,6070 ,606 9
0,71 — — - — 0,6185 | 06159 | 06138 | 0,6099 | 0,6081 | 0,6071 | 0,6069 ,606 8
0,72 — - - — 06187 | 06161 | 06139 | 0,6098 | 0,6080 | 0,6069 | 0,6067 ,6067
0,73 — — C — 0,6190 | 06162 | 06139 | 0,6097 | 0,6078 | 06067 | 0,6065 | 0,6065
0,74 — - N~ — 0,6191 | 06163 | 06139 | 0,6096 | 06076 | 0,6065 | 06063 | 0,6062
0,75 — - - — 06193 | 06163 | 06138 | 0,6094 | 0,6073 | 06062 | 0,6059 | 90,6059
NOTE — This taple Is given'for convenience. The values glven are not intended for precise interpolation. Extrapolation is not permitted.
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Table A.3 — Orifice plate with flange tappings — Discharge coefficient, C, for D = 50 mm

Dl::;leoter Discharge coefficient, C, for Re;, equal to
g 5x10% | 1x104 [ 2x104 | 3x104 [ 5x104 | 7x10% | 1 x10% | 3x105 | 1 x 108 | 1 x 107 | 1 x 108 )
0,25 0,6023 | 0,6003 | 0,5992 | 0,5987 | 0,5983 | 0,5981 | 0,5980 | 0,5977 | 0,5976 | 0,5975 | 0,5975 | 0,5975
0,26 0,6029 | 0,6008 | 0,5995 | 0,5990 | 0,5986 | 0,5984 | 0,5982 | 0,5979 | 05977 | 0,5976 | 0,5976 | 0,597 6
0,28 06043 | 06017 | 06002 | 05996 | 05990 | 0,5988 | 0,5986 | 0,5982 | 0,5980 | 0,5979 | 0,5979 | 0,597 9
0,30 - 0,6028 | 0,6009 | 0,6002 | 05996 | 0,5993 | 0,5990 | 0,5986 | 0,5984 | 0,5983 | 0,5982 | 0,5982
0,32 - 0,6039 | 0,6017 | 0,6009 | 0,6002 | 05998 | 0,5995 | 0,5990 | 0,5988 | 0,5986 | 0,5986 | 0,5986
0,34 - 0,6051 | 0,6026 | 0,6017 | 0,6008 | 0,6004 | 0,6001 0,5994 | 05992 | 0,5990 | 0,5990 | 0,5990
0,36 6,606-5—0,6036—16,6025—10,601t5 10,8010 0600805999 0,5996 1059921 0,5994 | 0,5994
0,38 — 0,6080 | 0,6047 | 06034 | 06022 | 0,6017 | 0,6013 | 0,6004 | 0,6001 0,5998 | 05998 | 0,5998
0,40 — — 0,6058 | 0,6043 | 06030 | 0,6024 | 0,6019 | 0,6010 | 0,6006 | 0,600:3-} 0,6003 | 0,6003
0,42 — — 06070 | 06054 | 06039 | 0,6032 | 0,6026 | 0,6016 | 0,601 1 0,6008°| 0,608 | 0,6008
0,44 — — 0,6083 | 0,6064 | 06048 | 0,6040 | 0,6034 | 0,6022 | 0,6016 | 06013 | 06013 | 0,6013
0,46 - - 0,6096 | 06076 | 06057 | 0,6049 | 0,6041 | 0,6028 | 0,6022 ./ 0,6019 | 06Q18 | 0,6018
0,48 - — 0,6111 06088 | 0,6067 | 06058 | 0,6050 | 06035 | 0,6028 ‘{)0,6024 | 0,6Q24 | 0,6024
0,50 — — 0,6126 | 0,6100 | 06078 | 0,6067 | 0,6058 | 0,6042 | 06034 | 0,6030 | 0,6029 | 0,6029
0,51 — — 06133 | 06107 | 06083 | 0,6072 | 0,6062 | 0,6045 }-0,6037 | 0,6033 | 0,6032 | 0,6032
0,52 — - 0,614 1 06113 | 06088 | 06076 | 06067 | 0,604 9\ |_0,604 1 0,6036 | 0,6435 | 0,6035
0,53 — — 0,6149 | 06120 | 0,6094 | 06081 | 06071 | 06052 | 06044 | 0,6039 | 0,6038 | 0,6038
0,54 — - 06157 | 06127 | 0,6099 | 0,6086 | 06075 | 0,6056 | 0,6047 | 06042 | 06041 | 0,604 1
0,55 — - 06166 | 06134 | 06105 | 0,6091 | 0,6080.Y 0,6059 | 0,6050 | 06044 | 0,6044 | 0,6043
0,56 - — 06174 | 06140 | 06110 | 0,6096 | 0,6084/| 0,6063 | 0,6053 | 06047 | 0,6046 | 0,6046
0,57 - - — 06147 | 06116 | 06101 | 0,6089 | 0,6066 | 0,6056 | 0,6050 | 0,6049 | 0,6049
0,58 — — — 0,6154 | 0,6121 0,6106 | 0,6093 | 0,6070 | 0,6059 | 0,6053 | 0,6051 | 0,6051
0,59 — — — 06161 | 06127 | 06111 },06097 | 0,6073 | 0,6061 0,6055 | 0,6054 | 0,6054
0,60 — — — 0,6168 | 0,6132 | 0,6115"| 0,6101 0,6076 | 0,6064 | 06057 | 0,6056 | 0,6056
0,61 - — — 0,6175 | 0,6138 | 06420 | 0,6105 | 0,6079 | 0,6066 | 0,6060 | 0,6d58 | 0,6058
0,62 — — — 06182 | 06143 |.0,6124 | 06109 | 0,6082 | 0,6069 | 0,6062 | 0,660 | 0,6060
0,63 — — — 06188 | 0,6148~{, 06129 | 06113 | 0,6084 | 0,607 1 0,6063 | 0,6062 | 0,6062
0,64 — — - 0,6195 | 0,6153)| 06133 | 06117 | 06087 | 0,6073 | 0,6065 | 0,6063 | 0,6063
0,65 — — - 0,6201 | ©,6758 | 06137 | 06120 | 0,6089 | 06074 | 0,6066 | 0,6065 | 0,6064
0,66 — — — 0,6208-"1\0,6162 | 0,6141 | 0,6123 | 0,6091 | 0,6076 | 0,6067 | 0,6066 | 0,6065
0,67 — — — 0,6214_) 06167 | 06144 | 06126 | 0,6092 | 0,6076 | 0,6068 | 0,6066 | 0,6066
0,68 — — — 0,6219 | 06171 06147 | 06128 | 06093 | 06077 | 0,6068 | 0,6066 | 0,6066
0,69 — —_ — 0,6225 | 06174 | 0,6150 | 0,6130 | 0,6094 | 0,6077 | 0,6068 | 0,6066 | 0,6066
0,70 — — - - 06177 | 06152 | 06132 | 0,6094 | 0,6077 | 0,6067 | 0,6065 | 0,6065
0,71 - — ~ - 06180 | 06154 | 06133 | 0,6094 | 0,6076 | 0,6066 | 0,6064 | 0,6064
0,72 - — = — 0,6183 | 0,6156 | 0,6134 | 0,6094 | 0,6075 | 0,6064 | 0,6062 | 0,6062
0,73 - — - — 0,6185 | 06157 | 06134 | 0,6092 | 0,6073 | 0,6062 | 0,6060 | 0,6060
0,74 — — — - 0,6186 | 06157 | 06134 | 0,6091 | 0,607 1 0,6059 | 06057 | 0,6057
0,75 — = - — 0,6187 | 06157 | 06133 | 06088 | 06068 | 0,6056 | 0,6064 | 0,6054
NOTE — This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is ot permitted.
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Table A.4 — Orifice plate with flange tappings — Discharge coefficient, C, for D = 75 mm

m:::::" Discharge coefficient, C, for Re,, equal to
B 5x10% | 1x104 | 2x104 | 3x104 | 5x10% | 7x10* | 1 x105 | 3x105 | 1x108 | 1 x 107 | 1 x 108 oo

0,20 0,5997 | 0,5986 | 0,5979 | 0,5976 | 05974 | 0,5973 | 0,5972 | 055970 | 0,5970 | 05969 | 0,5969 0,596 9
0,22 0,6006 | 0,5892 | 0,5984 | 0,5981 | 0,5978 | 0,5976 | 0,5975 | 05973 | 05972 | 05972 | 0,5971 | 0,597 1
0,24 — 0,6000 | 0,5989 { 05985 | 0,5982 | 0,5980 | 0,5979 | 0,5976 | 0,5975 | 05974 | 0,5974 | 0,597 4
0,26 — 0,6008 | 0,5996 | 0,5991 | 0,5986 | 05984 | 0,5982 | 0,5979 | 05978 | 05977 | 05977 | 05977
0,28 — 06018 | 06002 | 05997 | 0,5991 | 0,5989 | 0,5987 | 0,5983 | 0,5981 | 0,5980 | 0,5980 | 0,5980
0,30 — 0,6028 | 06010 | 0,6003 | 0,5997 | 05994 | 05991 | 0,5987 | 0,5985 | 0,5983 | 05983 | 0,5983
0,32 — 06040 { 06018 | 06010 | 0,6003 | 05999 | 0,5996 | 0,5991 | 05988 | 055987 | 0,5987 | 05987
0,34 9;662+——6,664-8—1—6,666-9—6,6005—6;6002—0,5996— 10,5993 0,596+ 0:599+] 0,599 1
0,36 — - 06037 | 0,6026 | 06016 | 0,6011 | 0,6008 | 0,6000 | 0,5997 | 0,5995 | 0,5995\}| 0,5995
. 0,38 — — 0,6048 | 06035 | 06024 | 0,6018 | 0,6014 | 06006 | 0,6002 | 0,6000 | 0,5999 || 0,5999
0,40 — — 0,6059 | 0,6045 | 0,6032 | 0,6026 | 0,6021 | 06011 | 06007 | 0,6005 ,| “0,6004 ||0,6004
0,42 — — 0,6071 | 0,6055 | 0,6040 | 0,6033 | 0,6028 | 06017 | 06012 | 0,6010 /06009 ||0,6009
0,44 — - 0,6084 | 0,6066 | 06049 | 0,6042 | 0,6035 | 0,6023 | 06018 | 0,6015 | 06014 ||0,6014
0,46 — — 0,6098 | 06077 | 0,6059 | 0,6050 | 0,6043 | 0,6030 | 0,6024 | 0,6620 | 0,6020 [|0,6020
0,48 — — — 0,6089 | 0,6069 | 06059 | 06051 | 0,6036 | 0,6030 |{6,6026 | 0,6025 ||0,6025
0,50 - — — 0,6102 | 0,6079 | 06068 | 06059 | 06043 | 0,6036.| 0,6032 | 0,6031 ||0,6031
0,51 — - - 0,6108 | 0,6084 | 06073 | 0,6064 | 06047 | 0,6039 | 06034 | 06034 ||0,6033
0,52 — — — 0,6115 | 0,6090 | 0,6078 | 06068 | 06050 | 0,6042 | 06037 | 0,6036 ||0,6036
0,53 — — — 06121 | 0,6095 | 0,6082 | 06072 | 0,6054, [(0,6045 | 0,6040 | 0,6039 ||0,6039
0,54 — — — 06128 | 0,6100 | 06087 | 06077 | 0,6057/| 0,6048 | 06043 | 0,6042 ||0,6042
0,55 — — - 0,6134 | 0,6106 | 06092 | 06081 | 0,6060 | 0,6051 | 0,6045 | 0,6044 ||0,6044
0,56 - — — 06141 | 06111 | 06097 | 0,6085 N0,6064 | 0,6054 | 0,6048 | 06047 ||0,6047
0,57 — - - - 0,6116 | 06101 | 0,6089.(>0,6067 | 0,6056 | 0,6050 | 0,6049 ||0,6049
0,58 - — - — 06122 | 06106 | 0,6093 ‘[ 0,6070 | 0,6059 | 0,6053 | 0,6052 ||0,6051
0,59 — - — — 06127 | 06111 | 0,6097 | 06073 | 0,6061 | 06055 | 0,6054 ||0,6054
0,60 — - — — 06132 | 0,6115.}'0,6101 | 0,6076 | 0,6064 | 06057 | 0,6056 ||0,6056
0,61 — - — — 0,6137 | 061197 06105 | 06078 | 0,6066 | 0,6059 | 06058 ||0,6057
0,62 — — — - 06142 | 06423 | 0,6108 | 06080 | 0,6068 | 0,6060 | 0,6059 ||0,6059
0,63 — — -~ — 0,6146 | 06127 | 06111 | 06083 | 0,6069 | 0,6062 | 0,6060 ||0,6060
0,64 ~ — — — 0,6151 | ©0,6131 | 06114 | 06084 | 0,6070 | 0,6063 | 0,6061 |[0,6061
0,65 — - — - 0,6165"| 06134 | 06117 | 06086 | 0,6071 | 06063 | 0,6062 ||0,6062
0,66 — — — — 06159 | 06137 | 06119 | 06087 | 06072 | 0,6064 | 06062 |[0,6062
0,67 — — — - 06162 | 06140 | 06121 | 0,6088 | 0,6072 | 0,6063 | 0,6062 |(0,6061
0,68 - - — - 0,6165 | 06142 | 06123 | 0,6088 | 0,6072 | 0,6063 | 0,6061 ||0,6061
0,69 — - — £ 0,6168 | 06144 | 06124 | 06088 | 0,607 1 0,6061 | 0,6060 ||0,6059
0,70 — - — i 0,6170 | 06145 | 06124 | 06087 | 0,6069 | 06060 | 0,6058 ||0,6058
0,71 — — — — 06172 | 06146 | 06124 | 06086 | 0,6067 | 06057 | 0,6056 |[0,6055
0,72 — — -~ - 06173 | 06146 | 06124 | 06084 | 06065 | 06054 | 0,6052 |[0,6052
0,73 - - > - - 06145 | 06122 | 06081 | 0,6061 0,6051 | 0,6049 |[0,6048
0,74 — — = — — 06144 | 06120 | 06077 | 06057 | 06046 | 06044 ||0,6044
0,75 — — - — — 06142 | 06118 | 0,6073 | 06052 | 06041 | 0,6039 | [0,6038
NOTE — This table Is given'for convenience. The values given are not intended for precise interpolation. Extrapolation is not pefmitted.
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Table A.5 — Orifice plate with flange tappings — Discharge coefficient, C, for D = 100 mm

DI::::::" Discharge coefficient, C, for Re; equal to
i} 5x10% | 1x104 | 2x104 | 3x10* | 5x104 | 7 x104 | 1 x105 | 3 %105 | 1 x10% | 1 x107 | 1 x 108 0o
0,20 — 0,5986 | 05979 | 05976 | 0,5974 | 05973 | 05972 | 0,5971 | 0,5970 | 0,5969 | 0,5969 | 0,5969
0,22 - 0,5992 | 05984 | 05981 | 0,5978 | 0,5976 | 05975 | 0,5973 | 05972 | 0,5972 | 0,5972 | 0,597 2
0,24 — 0,6000 | 0,5990 | 0,5985 | 0,5982 | 0,5980 | 0,5979 | 0,5976 | 0,5975 | 0,5974 | 05974 | 0,597 4
0,26 — 0,6009 | 0,5996 | 0,5991 | 05986 | 0,5984 | 0,5983 | 0,5979 | 0,5978 | 05977 | 05977 | 0,5977
0,28 — 06018 | 06003 | 05007 | 05091 | 05089 | 05087 | 059823 | 05081 | 05080 | 05980 | 05980
0,30 — - 0,6010 0,6003 0,5997 0,5994 0,599 1 0,598 7 0,598 5 0,598 4 0,598 3 0,598 3
0,32 — — 0,6019 | 06010 | 0,6003 | 0,5999 | 0,5996 | 05991 | 0,5989 | 0,5987 | 0,5987 | 0,5987
0,34 = = 00,6028 06018 06009 06005 0,6002 0;5996—10;599-3—10;599+16;59¢ 1 0,599 1
0,36 — — 0,6037 | 0,6026 | 0,6016 | 06011 | 06008 | 0,6000 | 0,5997 | 0,5995 b5 | 0,5995
0,38 — — 0,6048 | 0,6035 | 0,6024 | 06018 | 06014 | 0,6006 | 0,6002 | 0,6000 b9 | 0,5999
0,40 — — — 0,6045 | 0,6032 | 0,6025 | 0,6020 | 0,6011 | §,8007 | 0,8004 4 | 0,6004
0,42 —_ - - 0,6055 0,604 0 0,6033 0,6027 0,6017 0,601 2 0,6009 9 0,6009
0,44 — - — 0,6065 | 0,6049 | 06041 | 06035 | 0,6023 | 0,6017 Jl 0,6014 4 | 06014
0,46 — — — 0,6077 | 0,6058 | 06049 | 06042 | 0,6029 | 0,6023, 10,6020 9 | 06019
0,48 — — - 0,6088 | 0,6068 | 06058 | 0,6050 | 0,6035 | 0,6029 | 0,6025 4 | 0,6024
0,50 - — - — 0,6078 | 06067 | 06058 | 06042 [-0,6034 | 0,6030 9 | 06029
0,51 — - — — 0,6083 | 06071 | 0,6062 | 0,6045+°.0,6037 | 0,6033 B2 | 0,6082
0,52 — — — — 0,6088 | 06076 | 06066 | 06048 | 06040 | 06035 B4 | 0,6034
0,53 — — - — 0,6093 | 0,6080 | 0,6070 | 06059 | 0,6043 | 0,6038 B7 | 0,6037
0,54 - - — - 0,6098 | 06085 | 0,6074 | 06054 | 06045 | 0,6040 89 | 0,6039
0,55 - — — — 0,6103 | 0,6089 | 0,607 8| 0,6057 | 06048 | 0,604 2 1 | 0,604 1
0,56 —_ - - - 0,6108 0,6093 0,6082 0,606 0 0,6050 0,6045 4 0,604 3
0,57 — — — — 0,6113 | 0,6098 | 06085 | 06063 | 06053 | 0,6047 6 | 0,6045
0,58 — — - — 06118 | 06102 |-06089 | 06066 | 06055 | 0,6049 8 | 06047
0,59 — — — — 0,6122 | 0,6106() 06093 | 06068 | 06057 | 0,6050 9 | 0,6049
0,60 — — — — 06127 | 0,61%0 | 0,6096 | 0,6070 | 0,6058 | 0,6052 b1 | 0,6050
0,61 - — — — 0,6131 [-06113 | 0,6099 | 0,6072 | 0,6060 | 0,6053 b2 | 0,6052
0,62 — — — — 0,6135 10,6117 | 06102 | 0,6074 | 06061 | 0,6054 b3 | 0,6052
0,63 — — — — 0,6139)| 06120 | 0,6104 | 06075 | 06062 | 0,6055 b3 | 0,6053
0,64 - — — — — 0,6123 | 06107 | 06077 | 06063 | 0,6055 b3 | 0,6053
0,65 — — — — — 0,6125 | 0,6108 | 0,6077 | 06063 | 0,6055 3 | 06053
0,66 — — - — — 0,6127 | 06110 | 06077 | 0,6062 | 0,6054 2 | 0,6052
0,67 — — — — ~ 06129 | 06111 | 06077 | 0,6061 0,6053 1 10,6051
0,68 - — - = - 0,6130 | 06111 | 06076 | 06060 | 0,6051 9 | 0,6049
0,69 — — - — — 0,6131 | 06111 | 0,6075 | 0,6058 | 0,6049 7 | 0,6046
0,70 — — — - — 06131 | 06110 | 0,6073 | 0,6055 | 0,6045 44 | 0,6043
0,71 — — - -— — 0,6130 | 0,6109 | 0,6070 | 0,6052 | 0,604 2 #0 | 0,6039
0,72 - — - - - 0,6128 0,6106 0,606 6 0,604 7 0,6037 B 5 0,6035
0,73 — — - — — 06126 | 0,6103 | 06062 | 06042 | 0,6031 B0 | 0,6029
0,74 - — — — — 06123 | 06099 | 06056 | 06036 | 0,6025 3 | 0,6023
0,75 — — — - - - 0,6094 | 0,6050 | 06029 | 0,6018 5 106015
NOTE — This tablels given for convenience. The values given are not intended for precise interpolation. Extrapolation Is rjot permitted.
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Table A.6 — Orifice plate with flange tappings — Discharge coefficient, C, for D = 150 mm

D'::;::" Discharge coefficient, C, for Re,, equal to
B 5x10% [ 1x104 | 2x10% | 3x10¢4 | 5x104 | 7x104 | 1 x105 | 3 x 105 | 1 x 108 1x107 | 1 x108 oo
0,20 - 05986 | 0,5979 | 05977 | 0,5974 | 05973 | 0,5972 | 0550971 | 0,5970 | 0,5969 | 0,5969 | 0,5969
0,22 — 0,5993 | 0,5984 | 0,5981 | 0,5978 | 0,5977 | 0,5975 | 05973 | 0,5972 | 05972 | 05972 | 05072
0,24 — — 0,5990 | 0,5986 | 0,5982 | 0,5980 | 0,5979 | 05976 | 05975 | 05974 | 05974 | 0,597 4
0,26 — — 05996 | 05991 | 05987 | 0,5984 | 055983 | 0,5980 | 05978 | 05977 | 05977 | 055077
0,28 — — 06003 | 05997 | 0,5992 | 05989 | 0,5987 | 0,5983 | 0,5981 | 0,5980 | 0,5980 | 0,5980
0,30 — - 0,6010 | 0,6003 | 0,5997 | 0,5994 | 0,5992 | 05987 | 0,5985 | 0,5984 | 0,5984 | 05983
0,32 — — 06019 | 06010 | 0,6003 | 0,5929 | 05996 | 0,5991 | 0,5989 | 05987 | 0,5987 | 0,5087
0,34 = — 0,604-8——0,600-3——0:600-5——0,600-2—1—6;599-6—1—6;599-3——0;5984+—16;599-+11 0,599 1
0,36 — - — 0,6026 | 0,6016 | 0,6012 0,6008 0,6000 | 0,5997 0,5995 | 0,5995%]|0,5995
0,38 — - - 0,6035 | 0,6024 0,6018 0,601 4 0,6006 | 0,6002 0,6000 | 0,5999) ||0,5999
0,40 - — - 0,604 4 0,603 1 0,6025 | 0,6020 | 0,6011 0,6007 0,600 4 0,6004 ||0,6004
0,42 — — - — 06040 | 0,6033 | 06027 | 0,6017 | 0,6012 | 0,6009 | '0,6008 ||0,6008
0,44 — — — — 06048 | 0,6040 | 06034 | 0,6022 | 0,6017 | 0,6014 | 0,6013 ||0,6013
0,46 — — — — 0,6057 | 06049 | 06041 | 06028 | 0,6022 | 06019 | 06018 |[0,6018
0,48 — .- — - 0,606 7 0,6057 0,6049 | 06034 | 0,6027 0,602 4 0,6023 ||0,6023
0,50 — — — — 0,6076 | 06065 | 0,6056 | 0,6040 | 0,6033.} 06029 | 06028 ||06028
0,51 — — — — 06081 | 06070 | 06060 | 0,6043 | 0,6035 | 0,6031 | 0,6030 ||0,6030
0,52 — = — — — 0,607 4 0,606 4 0,6046 | 06038 0,6033 0,6032 | (0,6032
0,53 — — — — — 0,6078 | 06068 | 0,6049,| 06040 | 06035 | 0,6035 ||0,6034
0,54 — — — - — 0,608 2 0,607 1 0,605.2 0,604 3 0,6038 0,6037 ||0,6036
0,55 - — — — — 0,6086 | 0,6075 0,605 4 0,604 5 0,6040 | 0,6039 | [0,6038
0,56 — o — — — 0,6090 | 0,6078 0,605 7 0,604 7 0,604 1 0,6040 | |0,6040
0,57 — - ~ — - 0,6094 | 0,6082.4)0,6059 | 06049 | 0,6043 | 06042 ||0,6042
0,58 — - — — —_ 0,6098 0,6085 0,606 1 0,605 1 0,6044 | 06043 | [0,6043
0,59 —_ — — - — 0,6101 0,6088 0,6063 | 0,6052 0,6046 | 0,6045 | |0,6044
0,60 — - - — — 0,6105 10,6091 | 06065 | 06053 | 0,6047 | 06045 | |0,6045
0,61 - — — — — — 0,6093 0,606 7 0,605 4 0,604 7 0,6046 | |0,6046
0,62 — - — — - - 0,6095 0,606 8 0,6055 0,604 8 0,6046 | |0,6046
0,63 —_ — - — —_ Y- 0,6097 0,606 8 0,6055 0,604 7 0,6046 | |0,6046
0,64 — o — — — — 0,6099 | 06069 | 0,6055 | 0,6047 | 06045 | [0,6045
0,65 — — — — -~ - 0,6100 0,606 8 0,605 4 0,6046 | 0,6044 | 10,6044
0,66 — - — — = — 0,6100 0,606 8 0,605 3 0,604 4 0,6043 | 10,6042
0,67 — — — — — — 06100 | 0,6066 | 0,6051 | 0,6042 | 0,6040 | p,6040
0,68 — — — - — — 0,6099 0,6064 | 0,6048 0,6039 | 0,6038 0,6037
0,69 - — — € - - 0,6098 0,606 2 0,604 5 0,6036 | 0,6034 0,603 4
0,70 — — - = — — 0,6096 | 0,6058 | 06041 | 06031 | 0,6029 | p,6029
0,71 —_ — -_ - — - 0,6093 0,605 4 0,6036 0,6026 | 0,6024 0,602 4
0,72 - — —A — — - 0,6089 | 0,6049 | 0,6030 0,6020 | 0,6018 D,6017
0,73 — — = — — — — 0,6043 | 0,6023 | 0,6012 | 06010 | p,6010
0,74 — — - — — — - 0,6035 0,6015 0,600 4 0,600 2 0,600 1
0,75 — — — — - — — 0,6027 | 0,6006 | 05994 | 05992 | p,5992
NOTE — This tgble is given.for convenience. The values glven are not intended for precise interpolation. Extrapolation is not permitted.
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ISO 5167-1:1991(E)

Table A.7 — Orifice plate with flange tappings — Discharge coefficient, C, for D = 200 mm

D':::Ieoter Discharge coefficient, C, for Re,, equal to
I} 5x10% | 1x104 | 2x 104 | 3x104 | 5x104 | 7 x104 | 1x105 | 3x105 [ 1x10% | 1 x 107 | 1 x 108 oo
0,20 — — 0,5979 | 0,5977 | 0,5974 | 05973 | 05972 | 05971 | 0,5970 | 0,5970 | 0,5969 | 05969
0,22 - - 05984 | 05981 | 0,5978 | 0,5977 | 0,5975 | 05973 | 0,5972 | 05972 | 05972 | 0,597 2
0,24 — — 0,5990 | 0,5986 | 0,5982 | 05980 | 0,5979 | 05976 | 0,5975 | 05974 | 0,5974 | 0,597 4
0,26 - - 0,5986 | 0,5991 | 0,5987 | 05985 | 0,5983 | 0,5980 | 0,5978 | 0,5977 | 0,5977 | 0,5977
0,28 — — 0,6003 | 0,5997 | 0,5992 | 05989 | 0,5987 | 05983 | 0,5981 | 0,5980 | 0,5980 | 0,5980
0,30 — — - 0,6003 | 0,5997 | 0,5994 | 0,5992 | 0,5987 | 0,5985 | 0,5984 | 0,5984 | 0,598 4
0,32 — — - 0,6010 | 0,6003 | 0,5999 | 0,5997 | 0,5991 | 0,5989 | 0,5987 | 0,5987 | 0,5987
0,34 __ — — 06018 | _g‘sgg_;__g‘son n 0,599-6. 0.509-3 05004 0-509 1 0,5991
0,36 — — - - 0,6016 | 06012 | 06008 | 0,6001 | 0,5997 | 0,5995 5 | 05995
0,38 — — - — 0,6024 | 0,6018 | 0,6014 | 0,6006 | 0,6002 | 0,6000 9 | 0,5999
0,40 - — - — 0,6031 | 0,6025 | 0,6020 | 0,6011 | 0,6007 | 0,6004 4 | 06004
0,42 — — - — 0,6040 | 0,6033 | 0,6027 | 0,6016 | 0,6011 | 0,6009 8 | 0,6008
0,44 - — — - 0,6048 | 06040 | 0,6034 | 06022 | 06017 | 10,6014 3 | 06013
0,46 - — - - — 06048 | 0,6041 | 06028 | 06022, |(0,6018 8 | 06018
0,48 — — - — — 0,6056 | 0,6048 | 06034 | 0,6027 | 0,6023 2 | 06022
0,50 — — — - — 0,6065 | 0,6056 | 06040 | 0,6032 | 0,6028 7 | 06027
0,51 — — — — - 0,6069 | 0,6059 | 0,6042 .|“0,6034 | 0,6030 9 | 06029
0,52 - — — - - 0,6073 | 0,6063 | 06045, {~0,6037 | 0,6032 1 ] 0,6031
0,53 - — - — - — 0,6067 | 0,6048) 0,6039 | 0,6034 3 | 0,6033
0,54 - — — — — — 0,6070 | 06050 | 0,6041 | 0,6036 5 | 06035
0,55 - - - - - — 0,607 3| 0,6053 | 0,6043 | 0,6038 7 | 06037
0,56 - — — - - — 0,607 | 0,6055 | 0,6045 | 0,6040 9 | 0,6038
0,57 - - - — - — 06080 | 06057 | 06047 | 0,604 1 0 | 0,6040
0,58 - — — - - - 0,6083 | 0,6059 | 0,6048 | 0,6042 1 | 0,6041
0,59 — - - - — — 0,6086 | 0,6061 | 0,6050 | 0,6043 2 | 0,6042
0,60 - - - — — [ 0,6088 | 0,6063 | 0,6051 | 0,6044 3 | 06043
0,61 - — - _ — o 0,6090 | 06064 | 06051 | 0,6044 3 106043
0,62 — - — — — — 06092 | 06064 | 06052 | 0,6044 3 | 06043
0,63 - - - - — — 0,6094 | 0,6065 | 0,6051 | 0,6044 3 | 0,6042
0,64 - — - — — — — 06065 | 0,6051 | 0,6043 2 | 0,6041
0,65 - — — — - - — 0,6064 | 06050 | 0,6041 0 | 0,6040
0,66 — — - — — — — 06063 | 0,6048 | 0,6039 8 | 0,6038
0,67 - - - — — — — 06061 | 0,6045 | 0,6037 5 | 0,6035
0,68 - — — N - — - 0,6059 | 0,6042 | 0,6033 | 0,603(2 | 0,6031
0,69 - — - - — - — 0,6055 | 06039 | 0,6029 | 0,6027 | 0,6027
0,70 - — —= - — — — 0,6051 | 06034 | 0,6024 | 0,602[2 | 0,6022
0,71 - — < - — - - 06046 | 0,6028 | 0,6018 | 0,601/6 | 0,6016
0,72 - - > - — - - 06040 | 0,6021 | 0,6011 9 | 0,6009
0,73 — — - — - — — 0,6033 | 0,6014 | 0,6003 1 | 0,6000
0,74 — — - — — -— — 0,6025 | 06005 | 0,5993 1 | 0,5991
0,756 — <> - — e — - 06015 | 05994 | 05983 | 0,598{1 | 0,5980
NOTE — This table:is:given for convenience. The values given are not intended for precise interpolation. Extrapolation is ngt permitted.
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ISO 5167-1:1991(E)

Table A.8 — Orifice plate with flange tappings — Discharge coefficient, C, for D = 250 mm

DI:::;:" Discharge coefficient, C, for Re;, equal to
g 5x10% | 1x104 | 2x104 | 3x104 | 5x104 | 7 x104 | 1 x10% | 3x10% | 1 x 108 | 1 x 107 | 1 x 108 0o
0,20 - — 05979 | 05977 | 05974 | 05973 | 0,5972 | 0,597 1 0,5970 | 0,5970 | 0,5970 | 0,5969
0,22 - — 05984 | 05981 | 0,5978 | 05977 | 05976 | 05973 | 05972 | 05972 | 05972 | 0,597 2
0,24 — —_ 0,5990 | 0,5986 | 0,5982 | 0,5980 | 0,5979 | 0,5976 | 05975 | 0,5975 | 0,5974 | 0,597 4
0,26 - — - 0,599 1 0,5987 | 0,5985 | 0,5983 | 0,5980 | 0,5978 | 0,5977 | 05977 | 0,5977
0,28 —_ — —_ 0,5997 0,599 2 0,5989 | 0,5987 0,5983 | 0,598 1 0,5980 | 05980 | 0,5980
0,30 - - — 0,6003 | 0,5997 | 05994 | 05992 | 05987 | 0,5985 | 0,5984 | 0,5984 | 0,5984
0,32 - - - — 0,6003 0,588 | 0,5887 0,598 1 0,588 8 0,588 7 0,588 7 0,5887
0,34 8,606-9—1—6;,600-5—1—0,606-2—1—0;599-6—1—6;599-3——0;5994—106;5994—1 0,599 1
0,36 - -— — — 0,6016 | 0,6012 | 0,6008 | 0,6001 0,5997 0,5995 | 0,5995\](0,5995
0,38 - — - - 0,6024 | 06018 | 06014 | 0,6006 | 0,6002 | 0,6000 | 05999, [|0,5999
0,40 - - - - - 0,6025 | 0,6020 | 0,6011 0,6006 0,6004 | 0,6004 ||0,6004
0,42 — - - - - 06032 | 06027 | 06016 | 0,6011 0,6009 1N\0,6008 [|0,6008
0,44 — — — - - 0,6040 | 0,6034 | 0,6022 | 06016 | 06013 | 06013 ||0,6013
0,46 — — — - - 0,6048 | 0,604 1 0,6028 | 0,6022 | 0,6018 | 0,6017 ||0,6017
0,48 — — — — — — 0,604 8 0,6033 | 0,6027 0,6023 0,602 2 0,602 2
0,50 — — — - - - 0,6055 | 0,6039 | 0,6032 0,6027 | 0,6027 ||0,6026
0,51 — — — — - — 0,6059 | 0,6042 | 06034 | 06029 | 06029 }||0,6029
0,52 — — — — - - 0,6062 | 0,6045 | 68038 | G,6032 | 0,6031 |0,8031
0,53 — - — — — — 0,6066 | 0,6047, |(0)6038 | 06034 | 06033 |(0,6033
0,54 -_ - - — —_ —_ 0,606 9 0,6050/] 0,6041 0,6035 | 0,6035 }]|0,6034
0,55 - - - — — — 0,6073 | 06052 | 0,6043 | 06037 | 06036 ||0,6036
0,56 — - — — — — 0,6076 [N\0,6054 | 06044 | 06039 | 0,6038 ||0,6037
0,57 - - —_ - — — - 0,6056 | 0,6046 | 0,6040 | 06039 ||0,6039
0,58 — - — — — - — 0,6058 | 0,6047 0,604 1 0,6040 |[(0,6040
0,59 - — — — - —_— ™\ 0,6060 | 06048 | 0,6042 | 06041 ||0,6041
0,60 - - — — - - - 0,606 1 0,6049 | 06042 | 06041 ||0,6041
0,61 -— - - — — - — 0,606 2 0,6050 06043 | 0,6041 }(0,6041
0,62 - — - — — — — 0,6063 | 06050 | 06042 | 06041 [(0,6041
0,63 —_ - — — — — — 0,606 3 0,6049 | 06042 | 06040 ||0,6040
0,64 - - — — — — — 0,6062 | 0,6048 | 0,6041 0,6039 [(0,6039
0,65 - — - - — — — 0,606.1 06047 | 0,6038 | 0,6037 06037
0,66 — — — - — — ‘ - 0,6060 | 06045 | 0,6037 | 06035 , 0,6035
0,67 - - - - — - L — 0,6058 | 0,6042 | 06034 | 06032 | (06032
0,68 — - . - — — - - 0,6055 | 0,6039 | 06030 | 0,6028 ||0p028 |
0,69 - i i - < - - — t 0,6051 0,6035 | 0,6025 | 0,6024 |]|0,6022 |
0,70 — P - b o — — — - 06047 | 0,6029 | 0,6020 | 0,6018 ||0,6018
0,721 — — P — V- | — — — 0,604 1 06023 | 06013 | 0,6011 0,601 1
0,72 - - N — - — 0,603 06016 | 06006 | 0,6004 |[0,6003
0,73 - - N2 to— - - — 0,6027 | 0,6008 | 05997 | 05995 ||0,5995
0,74 - - — I — — 06018 | 05098 | 0,5987 | 0,5985 ||0,5985
0/75 - ~ - — 1 —- - - 0,6008 | 05987 | 0,59%8 | 05974 ||05973
A T el i
NOTEE —This tpble is_given for convenience. The values giveniare: not intended for precise interpolation. Extrapolatiom: s Hott pefriitted:.
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ISO 5167-1:1991(E)

Table A.9 — Orifice plate with flange tappings — Discharge coefficient, C, for D = 375 mm

Di:::'eoter Discharge coefficient, C, for Rep equal to
B 5x10% | 1x10* | 2x104 | 3x10* | 5x104 | 7x 104 | 1 x 105 | 3 x 10° 1x10% | 1x107 | 1 x 108 )
0,20 - — 05979 | 05977 | 05974 | 05973 | 05972 | 05971 | 05970 0,5970 | 0,5970 | 0,5970
0,22 — — — 0,598 1 0,5978 | 0,5977 | 0,5976 | 0,5973 | 05973 | 0,5972 | 0,5972 | 0,597 2
0,24 - — - 05986 | 0,5982 | 05980 | 05979 | 0,5976 | 0,5975 | 0,5975 | 0,597 4 0,597 4
0,26 — — - — 05987 | 0,5985 | 0,5983 | 05980 | 0,5978 | 0,5977 | 05977 | 05977
0,28 — — — — 05992 | 05989 | 0,5987 | 0,5983 | 0,5982 | 0,598 1 0,5980 | 0,5980
0,30 — — — — 0,5997 | 05994 | 0,5992 | 05987 | 0,5985 | 0,5984 | 0,5984 | 0,598 4
0,32 — - — — 0,6003 | 0,6000 | 0,5997 | 0,5991 05989 | 0,5988 | 0,5987 | 0,5987
0,34 — — — — = 06005 06002 05908 0.5993. 0,594 05891 0,599 1
0,36 — — — - — 06012 | 0,6008 | 06001 | 0,5997 | 05995 | 05995 | 0,5995
0,38 — - - — — 0,6018 | 0,6014 | 0,6006 | 0,6002 | 06000 | 05999 | 05999
0,40 — — — — — — 0,6020 | 0,6011 | 0,6006 | 0,6004 | 0,600/4 | 0,6003
0,42 — — — - — — 0,6027 | 0,6016 | 0,6011 0,6009 “| 0,600/18 | 0,6008
0,44 — — — — — — 0,6033 | 0,6022 | 0,6016 | 0,6013 | 0,601]3 | 0,6012
0,46 — — — — - — 0,6040 | 06027 | 0,6021 0,6018 | 0,601)7 | 0,6017
0,48 - — - - — — — 0,6033 | 06026 [\0,6022 | 06022 | 06022
0,50 - — — — — — — 0,6038 | 0,6031 0,6027 | 0,6026 | 0,6026
0,51 - — — - — - - 0,6041 1.0;6033 | 0,6029 | 0,602 0,6028
0,52 - — — — — — — 0,604 4, | "0,6035 | 0,6031 0,603 0,6030
0,53 — — - — — - — 0,6046| 0,6038 | 0,6033 | 0,603 0,603 2
0,54 — — — — - — — 06049 | 0,6040 | 06034 | 0,603 0,6033
0,55 — - — — — — — 06051 | 0,604 1 0,6036 | 0,603 0,6035
0,56 — - — — — — — 0,6053 | 0,6043 | 0,6037 | 0,603 0,6036
0,57 — — — — — — ~ 0,6055 | 0,6044 | 06039 | 0,603 0,6037
0,58 — — — — — — ~ 0,6056 | 0,6046 | 0,6039 | 0,603 0,6038
0,59 — — - — — — — 0,6058 | 0,6046 | 06040 | 0,603P | 0,6039
0,60 — — — — — — — 0,6059 | 06047 | 0,6040 | 0,603p | 0,6039
0,61 — — — — — > — 0,6060 | 06047 | 0,6040 | 0,603p | 0,6039
0,62 — — - — — — — 0,6060 | 06047 | 0,6040 | 0,6039 | 0,6038
0,63 — — — — — — — 0,6060 | 06046 | 0,6039 | 0,6038 | 0,6037
0,64 — — — — — — — 0,6059 | 06045 | 06037 | 0,6036 | 0,6036
0,65 - — — — . — — 0,6058 | 0,6043 | 0,6035 | 0,6034# | 0,6034
0,66 — — — — — — — 0,6056 | 0,604 1 0,6033 | 0,603 0,603 1
0,67 — — - — — — — 0,6054 | 06038 | 0,6029 | 0,6028 | 0,6027
0,68 - — - — — — - 0,6050 | 0,6034 | 06025 | 0,6028 | 0,6023
0,69 - — — - — - — 0,6046 | 06029 | 06020 | 0,6018 | 0,6018
0,70 — — — — — — - 06041 | 06024 | 06014 | 06012 | 0,6012
0,71 — — £ — — - — 0,6035 | 06017 | 06007 | 0,600%5 | 0,6005
0,72 - — — — — - - 0,6028 | 0,6009 | 05999 | 0,599 | 0,5997
0,73 — — = — — — — 0,6020 { 0,6000 | 0,5989 | 0,5987 | 0,5987
0,74 — - - — — - — 0,6010 | 05990 | 0,5979 | 0,5971 | 05976
0,75 — — — — — — - 0,5999 | 0,5978 | 0,5966 | 0,5964 | 0,5964
NOTE — THis table is\given for convenience. The values given are not intended for precise interpolation. Extrapolation is no permitted.
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ISO 5167-1:1991(E)

Table A.10 — Orifice plate with flange tappings — Discharge coefficient, C, for D = 760 mm

DI:::::er Discharge coefficient, C, for Re,, equal to
I} §x10% | 1x104 | 2x104 | 3x10* [ 5x104 | 7x104 | 1 x105 | 3x10° | 1x10% | 1 x 107 | 1 x 108 oo
0,20 — — — — 0,5974 | 05973 | 05972 | 05971 | 0,5970 | 0,5970 | 05970 | 0,5970
0,22 — — — — 0,5978 | 05977 | 05976 | 05974 | 05973 | 0,5972 | 0,5972 | 0,5972
0,24 — — — — — 05981 | 05979 | 05977 | 0,5975 | 0,5975 | 0,5975 | 0,597 5
0,26 — — - - — 05985 | 05983 | 05980 | 0,5978 | 0,5978 | 05977 | 0,5977
0,28 — —_ — — — — 0,598 7 0,598 3 0,598 2 0,598 1 0,5980 | 0,5980
0,30 — — — — —_ — 0,599 2 0,598 7 0,598 5 0,598 4 0,5984 | 0,5984
0,32 — — —_ — — — 0,5997 0,599 1 0,598 9 0,598 8 0,5987 0,5987
0’34 — — — . . n't:nn & n,:nn 3 n,:nn 4 c’scc 4 0'599 1
0,36 — - — - - - - 0,6001 | 0,5997 | 0,5995 | 0,5995N/ |0,5995
0,38 — — — — — — — 0,6005 | 0,6002 | 0,6000 | 0,5999) | |0,5999
0,40 — — — — — — — 0,601 1 0,6006 0,6004 0,6004 | |0,6003
0,42 — — — — — — — 0,601 6 0,601 1 0,6008 0,6008 0,600 8
0,44 — — — — — — — 0,602 1 0,6016 0,601'3 0,601 2 0,601 2
0,46 - —_ — — — — — 0,6027 0,602 1 0,6017 0,6017 0,601 7
0,48 — — — — — — — 0,603 2 0,602 6 0,602 2 0,602 1 0,602 1
0,50 — — — — — — — 0,6038 | 0,6030 | 06026 | 0,6025 | [0,6025
0,51 — — — — - — - 0,6040 | 0,6033) | 0,6028 | 0,6027 | |0,6027
0,52 — - — - — — — 06043 | 0,6035 | 0,6030 | 0,6029 | |0,6029
0,53 — - — — — - — 0,6045 | 06037 | 0,6032 | 0,6031 | [0,6031
0,54 — — — — — — — 0,604 8 0,603 8 0,6033 0,6032 0,603 2
0,55 — — — — — — — 06050 | 06040 | 0,6035 | 0,6034 | 0,6034
0,56 - — — — — — — - 0,604 2 0,6036 0,6035 0,6035
0,57 — — — - — — - — 0,604 3 0,6037 0,6036 0,603 6
0,58 — — — — — — — - 0,6044 | 0,6038 | 0,6037 | p,6036
0,59 — — — — - — -~ — 0,6045 | 0,6038 | 06037 | p,6037
0,60 — — — — — — — — 0,6045 | 0,6038 | 0,6037 | p,6037
0,61 — — — — — — — - 0,604 5 0,603 8 0,6037 0,603 6
0,62 — — - — - — — — 0,6044 | 0,6037 | 0,6036 | p,6036
0,63 — — — —_ — N — — 0,6044 | 0,6036 | 0,6035 | P,6034
0,64 — — — — — = — — 0,604 2 0,603 4 0,6033 D,603 3
0,65 — — — — — — — — 0,6040 | 0,6032 | 0,6030 | P,6030
0,66 — — — — — — — — 0,6037 | 0,6029 | 06027 | p,6027
0,67 — — - — — — - - 0,6034 | 0,6025 | 0,6023 | p,6023
0,68 — — — — — — - — 0,6029 | 0,6020 | 0,6019 | D,6018
0,69 — — — — — — — — 0,6024 | 0,6015 | 06013 | P,6013
0,70 — - — - — — — — 0,601 8 0,6008 0,6006 D,600 6
0,71 — —_ — — — — — — 0,601 1 0,600 1 0,5999 D,599 8
0,72 — — —, — — — - — 0,6002 0,599 2 0,5990 D,598 9
0,73 — — — - — — — — 0,5992 | 05982 | 0,5980 D,597 9
0,74 — — — — — — - — 0,5981 | 05970 | 0,5968 D,596 8
0,75 — —_ - — — — — - 0,596 9 0,5957 0,5955 D,595 4

NOTE — This ta

ble is givenfor convenience. The values given are not intended for precise Interpolation. Extrapolation is not permitted.
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Table A.11 — Orifice plate with flange tappings — Discharge coefficient, C, for D = 1 000 mm

ISO 5167-1:1991(E)

Di:::::" Discharge coefficient, C, for Re;, equal to
g §x10% | 1x104 | 2x104 | 3x 104 | 5x104 | 7x 104 | 1x 105 | 3105 | 1 x 1085 | 1 x 107 | 1 x 108 oo
0,20 - — — - — 05973 | 05973 | 05971 | 05970 | 0,5970 | 0,5970 | 0,5970
0,22 — — — - - 05977 | 05976 | 05974 | 05973 | 0,5972 | 0,5972 | 0,597 2
0,24 — — — - — - 05979 | 0,5977 | 0,5975 | 05975 | 0,5975 | 0,597 5
0,26 — — - — - — 0,5983 | 0,5980 | 0,5978 | 05978 | 0,5977 | 05977
0,28 - — — — - — 05987 | 0,5983 | 0,5982 | 0,5981 | 0,5980 | 0,5980
0,30 — — — — — — - 05087 | 0,5985 | 0,5984 | 0,5984 | 0,598 4
0,32 — — — — — — — 05991 | 05989 | 0,5988 | 0,5987 | 0,5987
0,34 = = = 8;5600-6——6;599-3—1—6;599-4+——6;5991 | 0,5991
0,36 — — — - — — — 0,6001 | 0,5997 | 0,5995 | 0,599/5 | 0,5995
0,38 - — - — — — — 0,6005 | 0,6002 | 0,6000 | ©0,599/8 | 0,5999
0,40 - - - - — — — 0,6011 | 0,6006 | 06004 | 0,6003 | 0,6003
0,42 — — - — — — - 06016 | 06011 | 0,6008 | 0,6008 | 0,6008
0,44 - - - - — - — 0,6021 | 0,6016 |.0,6013 | 0,601[2 | 0,6012
0,46 —_ — — — - — - 0,6027 | 06021 ,]\N06017 | 06017 | 0,6017
0,48 — — — - — — — 0,6032 | 0,6026- /40,6022 | 0,602[1 | 0,6021
0,50 — — - — — — - 0,6038 | 06030 | 06026 | 0,602/5 | 0,6025
0,51 — — —_ — — - 0,6032 | 0,6028 | 0,602[7 | 0,6027
0,52 — — — — — — - - 0,6034 | 06030 | 0,6029 | 0,6029
0,53 - — - — - — - 5 0,6036 | 0,6032 | 0,603/1 | 0,6030
0,54 — — — - — — — & 0,6038 | 06033 | 0,603R | 0,6032
0,55 - — - — — — - - 0,6040 | 06035 | 06034 | 0,6033
0,56 - — - — — — -— - 0,6041 | 0,6036 | 0,6035 | 0,6035
0,57 — — — — - — N — 06043 | 0,6037 | 0,603p | 0,6035
0,58 - — — — — — —= — 0,6044 | 0,6037 | 0,603p | 0,6036
0,59 — — — — — - — — 0,6044 | 0,6038 | 0,603 | 0,6036
0,60 — — — — — - — — 06044 | 0,6038 | 0,603F | 0,6036
0,61 — — — — - - — — 06044 | 06037 | 0,603p | 0,6036
0,62 — — — — - — — — 06044 | 06037 | 0,6035 | 0,6035
0,63 —_ — — — — — — — 0,6043 | 0,6035 | 0,6034 | 0,6034
0,64 — — - — - — — — 0,6041 | 06033 | 0,603R | 0,6032
0,65 — — — — = — — — 0,6039 | 06031 | 0,603p | 0,6029
0,66 - — — - — — — - 0,6036 | 0,6028 | 0,602 | 0,6026
0,67 — — — = — - — — 06033 | 0,6024 | 0,602p | 0,6022
0,68 — — — — — — — — 0,6028 | 06019 | 06018 | 0,6017
0,69 — — - -~ — — — — 0,6023 | 06014 | 0,601 | 0,6011
0,70 — — — — — — — - 0,6017 | 06007 | 0,6005 | 0,6005
0,71 — — ~ — — — — - 0,6009 | 05999 | 0,599y | 0,5997
0,72 — - = — — - — -— 0,6001 | 05990 | 0,5988 | 0,5988
0,73 — — - — — — - - 0,5991 | 0,5980 | 0,5978 | 0,5977
0,74 - — - — — — — — 05979 | 0,5968 | 0,5966 | 05966
0,75 — - — — — — — 0,5966 | 05955 | 0,5958 | 0,5952
NOTE — THis table is-giVen for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted.
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Table A.12 — ISA 1932 nozzle — Discharge coefficient, C

Diameter ratio

Discharge coefficient, C, for Re,, equal to

B 2 x 104 3 x 104 5 x 104 7 x 104 1 x 108 3 x 10° 1 x 108 2 x 108 1 x 107
0,30 — - - 0,9855 0,9865 0,9878 0,988 2 0,9883 0,988 4
0,32 — — - 0,9847 0,9858 0,987 3 0,9877 0,9878 0,987 9
0,34 — — — 0,9838 0,9850 0,986 6 0,987 1 0,987 2 0,9873
0,36 - - — 0,9828 0,984 0 0,9859 0,986 4 0,9865 0,986 6
0,38 — — — 0,9816 0,9830 0,984 9 0,9855 0,9856 0,9857
0,40 — — — 0,9803 0,9818 0,9839 0,984 5 0,9846 0,9847
0,42 — — — 0Qqz789 09805 | —0.0834 ,983 5
0,44 0,961 6 0,9692 0,9750 0,9773 0,9789 0,9813 0,9820 0,9821 0,982 2
0,45 0,960 4 0,968 2 0,974 1 0,976 4 0,9781 0,9805 0,9812 0,981'3 0,981 4
0,46 0,9592 0,967 2 0,9731 0,9755 0,9773 0,9797 0,9804 0,9805 0,9806
0,47 0,957 9 0,966 1 0,9722 0,9746 0,976 3 0,9788 0,9795 0,9797 D,9797
0,48 0,9567 0,9650 0,971 1 0,9736 0,9754 0,9779 0,9786 0,9787 0,978 8
0,49 0,9554 0,9638 0,9700 0,9726 0,9743 0,976 9 0,9776 0,9777 0,977 8
0,50 0,954 2 0,9626 0,968 9 0,9715 0,9733 0,9758 0,976 6 0,976 7 D,9768
0,51 0,9529 0,9614 0,967 8 0,9703 0,9721 0,9747 0,975 4 0,9756 D,9757
0,52 0,9516 0,9602 0,966 5 0,9691 0,9709 0,9735 0,974 3 0,974 4 D,9745
0,53 0,9503 0,958 9 0,9653 0,967 8 0,969 6 0,9722 0,9730 0,9731 D,9732
0,54 0,9490 0,957 6 0,9639 0,966 5 0,968 3 0,9709 09717 0,9718 D,9719
0,55 0,9477 0,956 2 0,9626 0,965 1 0,966 9 0,9695 0,9702 0,9704 D,9705
0,56 0,946 4 0,9548 0,961 1 0,9637 0,9655 0,968 0 0,968 8 0,968 9 D,969 0
0,57 0,9451 0,9534 0,9596 0,962 1 0,9639 0,966 4 0,967 2 0,967 3 D,967 4
0,58 0,9438 0,9520 0,958 1 0,9606 0,9623 0,964 8 0,965 5 0,9656 D,9657
0,59 0,942 4 0,9505 0,956 5 0,958 9 0,9606 0,9630 0,963 8 0,9639 D,964 0
0,60 0,941 1 0,9490 0,954 8 0,957 2 0,958 8 0,9612 0,9619 0,8620 D,962 1
0,61 0,9398 0,947 4 0,9531 0,9554 0,957 0 0,9593 0,9600 0,960 1 D,960 2
0,62 0,9385 0,9458 0,9513 0,9535 0,9550 0,957 3 0,957 9 0,958 0 D,958 1
0,63 0,937 1 0,944 2 0,9494 0,951.5 0,9530 0,9551 0,9558 0,9559 D,956 0
0,64 0,9358 0,9425 0,947 5 0,9495 0,9509 0,9529 0,9535 0,9536 D,9537
0,65 0,9345 0,9408 0,9455 0,947 3 0,9487 0,506 0,951 1 0,9512 0,951 3
0,66 0,9332 0,9390 0,943 4 0,945 1 0,946 4 0,948 1 0,9487 0,948 7 0,048 8
0,67 0,9319 0,937 2 0,941.2 0,9428 0,944 0 0,9456 0,946 0 0,946 1 0,946 2
0,68 0,9306 0,9354 0,9390 0,9404 0,9414 0,9429 0,9433 0,8434 0,9435
0,69 0,9293 0,9335 0,936 7 0,9379 0,938 8 0,9401 0,9405 0,9405 0,940 6
0,70 0,9280 0,9316 0,934 3 0,9353 0,936 1 0,9372 0,9375 0,9375 ,937 6
0,71 0,926 8 0,9296 0,9318 0,9326 0,9332 0,934 1 0,934 4 0,9344 ,934 4
0,72 0,9255 0,927 6 0,9292 0,9298 0,9303 0,9309 0,9311 0,9311 ,9312
0,73 0,924 3 0,9256 0,926 5 0,926 9 0,927 2 0,927 6 0,9277 0,9277 ,927 8
0,74 0,9231 0;9235 0,9238 0,9239 0,9240 0,924 1 0,924 2 0,924 2 ,924 2
0,75 0,9219 0,9213 0,9209 0,9208 0,8207 0,9205 0,9205 0,9205 9,9205
0,76 0,920.7 0,9192 0,9180 0,9176 0,917 2 0,9168 0,916 6 0,9166 09,9166
0,77 0,9195 0,916 9 0,9150 0,9142 0,9136 0,9128 0,9126 0,9126 3,9125
0,78 0,9184 0,9147 0,9118 0,9107 0,9099 0,908 8 0,908 4 0,908 4 ,008 3
0,79 0,9173 0,9123 0,908 6 0,907 1 0,906 0 0,904 5 0,904 1 0,904 0 9,9040
0,80 0,916 2 0,9100 0,9053 0,9034 0,9020 0,900 1 0,8996 0,8995 0,899 4

NOTE — This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted.
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