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b International Organization for Standardization) is a worldwide federation
nal: standards ‘institutes (ISO ‘member bodies). The work of developing

body interested in a subject for which a technical committee has been set
he right to be represented on that committee. International organizations,
ental and non-governmental, in liaison with 1S0, also take part in the work.

Interna]ional Standards is carried out through 1SO technical committees. Every

Draft International Standards adopted by the technical committees are circulated

to the
Standar

member bodies for approval before their acceptance as International
s by the 1ISO Council.

International Standard 1SO 5167 was developed by Technical Committee
1ISO/T CT?O has been set up in order to resolve the differences between the two
documepts.
It has bgen approved by the member bodies of the following€ountries :
Agstralia Germany, F. R. Romania
Béglgium Hungary South Africa, Rep. of
Chile Korea, Rep. of Turkey
Ciechoslovakia Mexico United Kingdom
Egypt, Arab Rep. of Netherlands USSR
Finland Philippines
Frlance Portugal
The member body of the following country expressed disapproval of the document
on technical grounds :

USA

This Int

rnational.Standard cancels and replaces SO Recommendations R 541-1967

and R 7B1-1968, of which it constitutes a technical revision.

During the-development of this International Standard, it was found that it was

in confli

ct with a document on the same subject being prepared by 1SO/TC 28/SC 5

“Measurement of light hydrocarbon fluids”. A liaison group 1SO/TC 28/SC5 —

ISO/TC

30 has been set up in order to resolve the differences between the two

documents,

The completion in the future of the work of this liaison group may therefore lead
to the revision of this {nternational Standard,
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INTERNATIONAL STANDARD

ISO 5167-1980 (E)

Measurement of fluid flow by means of orifice plates,
nozzles and venturi tubes inserted in circular cross-section

conduits running full

1 SCOHE AND FIELD OF APPLICATION

method [of use (installation and operating conditions) of
orifice plates, nozzles and venturi tubes when they are
inserted [in a conduit running full, to determine the rate of
the fluig flowing in the conduit. |t also gives necessary
information for calculating the flow-rate and its associated
uncertaipty.

This lnIrnationaI Standard specifies the geometry and

This international Standard applies only to pressure
differende devices in which the fiow remains subsonic
throughqut the measuring section, is steady or varies only

It deals |with devices for which direct calibration exper-
iments hiave been made, sufficient in-number and quantity
to enablp coherent systems of application to be\based on
their refults and coefficients to be given ‘with certain
predictalple limits of uncertainty. ’

The devices introduced into the pipelare called “primary
devices”’] The term primary device also includes the
pressure [tappings. All other instrUments or devices required
for the jmeasurement are known as ‘‘secondary devices'’.
This International Standard-covers the primary devices;
secondary devices?) will.Be mentioned only occasionally.

The different primary~devices dealt with in this Inter-
national Standard-are’as follows :

— . orjfices plates, which ¢an be used with the various
following-atrangements of pressure tappings :

— corner pressure tappings,
— Dand D/2 préssure tappings,z)’
— flange pressure tappings,
- noziles :‘ ' v
— ISA 1932 npzzle®?,
— long radius nozzle,

which-differ in shape and/or in the
pressure’ tappings,

- . venturi tubes :
— classical venturi tube?!,
— venturi-nozzle,

which differ in shape and/or in
pressure tappings.

2 SYMBOLS AND DEFINITIONS

position of the

the position of

The vocabulary and symbols used in tmis International

Standard are defined in 1SO 4006, Measi
flow in closed conduits —~ VVocabulary and §

Table 1 reproduces the symbols which
International Standard. - '

The definitions in the following clauses a
terms used in some special sense or for te
of which it seems useful to emphasize.

rement of fluid
ymbols,

bre used in this

given only for
ms the meaning

1} See ISO 21886, Fluid flow in closed cohduits - Connect/ons for pressure §igna/ transmission between.primary and secondary devices.

2) Orifice plates with vena contracta pressure tappings are not considered in this International Standard.

3) ISA is the abbreviation for “International Federation of the National Standardizing Associations®, the body which was succeeded by 1SO

in 1946.

4) in the U.S.A. the classical verituri tube is sometimes called Herschel venturi tube.
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2.1 Symbols
TABLE 1 — Symbols
Dimensions
: : : M : mass
Symbols Reprasented quantity L :length Sl Unit
T : time ’ .
® : temperature
c Coefficient of discharge, C =—°i; dimensionless
d hiameter of orifice or throat of primary device at operating conditions m
D Upstream internél pipediameter (or upstream diameter of a classical venturi tube) m
bt operating conditions :
e Relative uncertainty . dimensionless
E Velocity of approach factor, £ = (1 — pH-1/2 dimensionless
k niform equivalent roughness (see 7.3.2.1) L m
/ bressure tapping spacing L M
L Relative pressure tapping spacing, L =-é dimensionless
p ‘Btatic pressure of the fiuid ML=t T-2 Pa
9m Mass rate of flow m1-1 ka/s
q, Volume rate of flow L3711 m3/4
R Radius L m
Ra Arithmetical méan deviétion from the rean line of the profile (see‘ISOV/‘R 468) L m
Re Reynolds number ‘ ' dimensionless
gig Reynolds number reféfred toDord dimensionless
t Temperature of the fluid ® °c
v Mean axial velocity of the fluid in the pipe LTt m/s
X Acoustic ratio, X = LN dimensionless
Pq K
o Flow coefficient dimensionless
Diameter ratio, = % dimensionless
Y Specific heat capacities ratio” dimensionless
Ap Differential préssure ML-1T-2 Pa
Aw Pressure 1088 mL-17-2 P4
€ Expansibility (expansion) factor dimensionless
K Isehtropic exponenf” k dimensionless
m Dyhamic viscosity of the fluid ML T Paks
v Kinematic viscosity of the fluid, » == no w2 /s
£ Relative pressure 10ss ? dimensionless -
P Mass density of the fluid mL-3 kg/m?
T Pressure ratio, 7 =%§ dimensionless
[ Total angle of the divergent dimensionless radian

1) 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 values {see 2.4.3). These values depend on the nature of the gas. )

NOTE —~ Subscript 1 refers to the cross-section at the plane of the upstream pressure tapping.

Subscript 2 refers to the cross-

section at the plane of the downstream pressure tapping.
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2.2 Pressure measurement : Definitions

2.2.1 wall pressure tapping : Hole drilled in the wall of
a pipe, the inside edge of which is flush with the inside
surface of the pipe.

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

2.2.2 static pressure of a fluid flowing through a straight
pipe-line : Pressure which can be measured by connecting

180 5167-1980 (E)

2.3.5 diameter ratio of a primary. device in a given pipe :
The diameter of the orifice {(or throat) of the primary
device divided by the internal diameter .of the measunng
pipe upstream of the primary device.

However, when the primary device has a cylindrical section
upstream, equivalent in diameter to that of the pipe (as in
the case of the classical venturi tube), the diameter ratio is
the quotient of the throat diameter divided by the diameter
of this cylindrical section at the plane of the upstream
pressure tappings.

a pressnge—g-auge—fu—a—waH—presm—tappi..g. Oriy-thevatue
of the pbsolute static pressure is used in this International

Standarg.

pressur¢ measured by wall tappings, one of which is on the
upstreafn side and the other on thé downstream side of a
primary| device (or in the throat for a venturi tube) inserted
in a stfaight pipe through which flow occurs, when any
differerfce in height between the upstream and downstream
tappingp has been taken into account.”

The term ‘‘differential pressure’’ is used only if the pressure
tappingp -are in the positions specified by this International
Standargd for each standard primary device. :

223 {:fferential pressure : Difference between the static

downstijeam ‘pressure tapping, divided by that at the up-

2.2.4 pressure ratio : the absolute static pressure at the
stream 1ressure tapping.

2.3 Primary devices : Definitions
2.3.1 qrifice or throat: Opening of minimum cross-
sectiongl area in a primary device.

Standarfl primary device orifices are circular and coaxial
with th¢ pipe-line.

2.3.2 (rifice plate : Thin_plate in which a circular aperture
has been machined.

Standardl orifice plates are described as ‘“‘thin plate’ and
“with sharp square/edge’, because the thickness of the
plate is small compared with the diameter of the measuring
section [and \because the upstream edge of the orifice is
sharp ar|d'square.

2.4 Flow : Definitions

2.4.1 rate of flow of fluid passing tHrough a primary
device : Mass or volume of fluid'passing through the orifice
or throat per unit time; in.all cases it is hecessary to state
explicitly whether the mass rate of flow, expressed in mass
per time unit, or. the wvolume rate of flow, expressed in
volume per time unit,is being used. . ,

2.4.2 Reynolds number

The Reynolds number used in this Interpational Standard
is réferred to :

— eijther the upstream condition of the fluid and the
upstream diameter of the pipe, i.e.

U, 0

vy

Rep =

— or the orifice or throat diametef of the primary
device, i.e.

Re, = Rep xﬁ"‘

2.4.3 isentropic exponent

The isentropic exponent k appears in the different formulae
for the expansibility (expansion) factor ¢ |either directly or
in. the ratio X. The isentropic exponent varies with the
nature of the gas and with its temperature fnd pressure.

There are many gases and vapours for whi¢h no values for
have been published so far. In such a casg, for the purpose
of this International Standard, the ratio of the speclflc heat
capacities of ideal gases may be used |in place ‘'of the

2.3.3 nozzle : Device which consists of a convergent inlet
connected to a cylindrical portion generally called the
“throat”.

2.3.4 venturi tube : Device which consists of a convergent
inlet connected to a cylindrical part catled the “throat” and
an expanding sectlon called the” ”dtvergent” which" is
conical.

if the convergent part is a standardized ISA 1932 nozzle,
the device .is called a “venturi-nozzle”. If the convergent
part is conical, the device is called a “’classical venturi tube’.

isentropic. exponent for the computation of the rate of
flow. ' ’ '

2.4.4 acoustic ratio: The differential pressure rétio
divided by the isentropic exponent (compressible fluid).

2.4.5 velocity of approach factor
It is equal to :
-2 D2 |

= (1 — p4 .
E-v—(1’B) ==
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2.4.6 flow and discharge coefficients

Calibration ‘of standard primary devices by means. of
nominally incompressible fluids (liguids) shows that @,
called the flow coefficient, a pure number defined by the
following relation, is dependent only on the Reynolds
‘number for a given primary device in a given installation. '

Im

%d2\/2 Apxp,

a=

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

For pipes, the equivalent roughness is used. This height k
can be determined experimentally (see 7.3.1) or taken from
tables (see table 6).

The numerifm—mﬁa—hmm'mum irrstat=
lations, whenever such installations are geometrically similar

and the flovs are characterized by the identical Reynolds
number, ,

. AND COMPUTATION

3 PRINCIPLE OF THE METHOD OF MEAEUREMENT

3.1 Principle of the method of measurement

The ratio C

o ’
=z_-is called the ““discharge coefficient'’.

The equations for the numerical values of o and of C given
in this Intdrnational Standard were based on data deter-

mined expe

24.7 expa

~ Calibration
compressibi

imentally.

hsibility {expansion) factor

of a given primary device by means of a
E fiuid (gas), shows that the ratio :

The principle of the method ‘6% measuremen
the introduction of a primary device (such

is based on
las an orifice

plate, a nozzle or a ventlri tube) into a pipefline through
which a fluid is runhing full. The introdugtion of the
primary device creates a static pressure differgnce between
the upstream side"and the throat or downstfeam side of
the device. The fate of flow can be determined from the

measured value of this pressure difference

and from a

knowledge-of the flowing fluid as well as the dircumstances

m

g—dz\/iAp XP,

is dependent on the value of the Reynolds number as well
as on the Values of the differential pressure and variations
in the isentropic exponent of the gas.

The methgd adopted for representing thesé ,variations
consists in multiplying the flow coefficient-a of the con-
sidered primary device as determined by'direct calibration
effected by |[means of liquids for the same._value of Reynolds
number, by the “‘expansibility”’, a so-called (expansion)
factor-defingd by the relation :

9m

: is
ot-‘-l-c2 V2 Ap xp,

€ is equal t¢ unity/when the fluid is incompressible and less
than unity \lvhen the fluid is compressible.

under Which the device is being used, assuming the device is

geometrically similar to one on which calibra

ion has been

rmade and that the conditions of use are the spme, i.e. that
it is in accordance with this International Standard.

This can be done since the mass rate of flow|is related to
the pressure differential within the uncertaifty stated in
this International Standard, by the following fg rmulae :

Qm =aeg—d2\/2 Apxp,

or

Am ==CEe~gd2\/2 Apxp,

Similarly, the vaiue of the volume rate of
calculated since :

=9m

9=",

. (1)

.. (2)

flow, can be

. (3)

where p is the fluid mass density at the tenmperature and

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

The numerical values of € given in this International
Standard have been based on data determined experimen-
tally. : : ‘ '

2.4.8 roughness criterion

The roughness criterion R, used in this standard is that
given in ISO/R 468 and equals the arithmetic mean

4

pressure for which the volume is stated.

3.2 Method of determination of the diameter
selected standard primary device

rat‘io of the

In practice, when. one has to determine the diameter of a
primary element to be installed in a given pipe line in order
to perform a flow measurement, o or CE used in the basic

formulae (1) or (2} are, in general, not know
following shall be selected a priori :

— the type of primary device to be used,

— ‘a rate of flow and the corresponding
differential pressure. '

n. Hence the

value of the
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The related values of g, and Ap shall then be inserted in
the basic formulae rewritten in the form below :

4qm

emD2/2Ap xp,

and the diameter ratio of the selected primary device can be
determined by successive approximations.

af2=

3.3 Computation of rate of flow

Comput,
the different terms on the right-hand side of the basic
formulae (1) or (2) by their numerical values.

The computation itself involves no difficulty other than of
an aritimetical nature and merely calls for the following
comments :

a) q may be dependent on Re, which is itself dependent
on g},,. In such cases the final value of @, and hence of
9,,. |s to be obtained by iteration from an initial chosen
valugd of o (or Re). Generally it may be convenient to
adopit- the value of a at a Reynolds number of 108 as the
starting point.

under 2.2.3.

¢} Attention is called to the fact that d and D
mentioned in the formulae, are the values of the
diampters at operating conditions and hence measure-

to kmow the mass density and the viscosity of the fluid
undef the conditions of the measurement.

3.4 Determination of mass density

The mabs density of the-fliid is required to be known at
the plahe of the upstream pressure tapping; it can either
be measured directly.‘or calculated from the knowledge
pressure, temperature and characteristics of the
his plane:

1SO 5167-1980 (E)

of an individual pipe-wall pressure tapping (as described
in 7.2.1) or by means of a carrier ring tappings {(as described
in 7.2.4). '

3.4.1.1 This static pressure tapping shall preferably be
separate from the tapping provided for measuring the
upstream. component of the differential pressure, unless
the intention is to measure upstream and downstream
pressures separately.

It is however perm»ssub|e to link snmultaneously one

the flow measurement in any way.

measuring device and a static pressure
provided it is verified that this double
not lead to any distortion of the’ dif
measurement.

rential. pressure
easuring device,
connection does
erential pressure

3.4.1.2 The static pressuré)value to be used in subsequent

computations is that éxisting at the leve!

of the centre of

the upstream meastred cross-section, which may differ

from the pressure measured at the wall,

3.4.2 Although the temperature of the
the density and viscosity are calculated is

the upstream pressure tappings plane, the

the fluid shall preferably be measured dd

Fluid from which
that measured in
temperature of
wnstream of the

primary device, and the thermometer we}l or pocket shall

take up as little space as possible. The

Histance between

it and the primary device shall be at least equal to 5 D if

the pocket is located downstream, and in
the last two ‘lines of table 3 if the p
upstream

may be calculated from the temperature

accordance with
pcket is located

measured on the

If the measured fluid is a gas, its upstIam temperature

downstream side when assummg an ise
through the primary device.

3.4.3 Any method of determining thg

ropic expansion

density, static

pressure and the temperature of the fluid is acceptable if

it enables reliable values of the pressure,
the viscosity and the mass density of th
stream tapping plane to be obtained w

the temperature,
e fluid at the up-
thout disturbing

3.4.4 The temperature of the primary d

bvice and that of

' the fluid upstream of the primary device gre assumed to be

£6.1.97.
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4 SELECTION OF THE PRIMARY DEVICE

Table 2 gives some indications to enable the selection of the type of primary device to be made to meet the required charac-

teristics.

TABLE 2 — Selection criteria of the type of primary device

Characteristics
to be considered

Consideration for selection

Pipe diameter
Diameter ratio

and the flow Revnalds number.

For each primary device, there exist limiting values of the internal pipe diameter, the diameter ratio 8

Reynolds number

for the same conditions.

Pressure logs

Sfraight lengths to be provided

upstream and downstream “nozzles.”

Overalt dimensions
venturi tubes and venturi nozzles.

Type of flujd

Accuracy

- Cost and mpnufacture

The uncertainties on the flow-rate coefficient aré.defined for each primary device.

Orifice plates are cheaper and simpler to mahufacture than any other primary device.

1f the chosen value of the differential pressure and flow-rate are such that the value of 8 fon;\tn orifice
plate exceeds. the permissible limit, it may be possible to use a nozzle since it results in@o

r g value

For the same pressure difference, pressure losses are 4 to 6 times lower for classical venturi thibes and
venturi nozzles than for orifice plates and nozzles.

Classical venturi tubes requikre‘smauer pipe straight lengths than orifice plates, nozzles and vgnturi
The required distance between flanges to mount the device intocthe\pipe is significant for clgssical

With abrasive or corrosive fluids, the coefficients of orifice\plates may change steadily with fime as the
square edge becomes rounded; surface deposits on nozzles-and venturi tubes have an immediate effect
“on the flow coefficient but thereafter there is a probability that the change with time will b fess.

5 GENERJAL REQUIREMENTS FOR THE
MEASUREMENTS

It is necessdry to ensure that all the following requirements,

some of which are explained ir.detail in the following
sections, are completely fulfilled” during the period of
measuremet, . .

5.1 Primaty device

5.1.1 The |primaty-device shall be manufactured, installed
and used inagcordance with this International Standard.

devices. Variations or changes in the discharge coefficient
which may occur over a period of time may lead to values
outside the uncertainties given - in this |International
Standard.

5.1.3 The primary device shall be manufjctured from
material the coefficient of expansion of whith is known,
except if the user decides that the variations ¢f dimensions
due to. temperature changes may be propery neglected,
according to the temperature of the measured fluid.

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

5.1.2 The condition of the primary device shail be
checked after each measurement or after each series of
measurements or at intervals close enough to each other so
that the conformity with this International Standard is
maintained.

Attention is drawn to the fact that even apparently neutral
fluids may form deposits or encrustations on primary

6

P ) fhaid
I TYype ottt

5.2.1 The fluid may be either compressible {(gas) or
considered as incompressible {liquid).

5.2.2 The fluid shall be physically and thermally homo-
geneous and of single phase. Colloidal solutions with a high
degree of dispersion (such as milk), and those only, are
considered to behave as a single phase fluid.

5.2.3 To carry out the measurement, it is necessary to
know the density and viscosity of the fluid under the
conditions of measurement (see 3.3 d}.



https://standardsiso.com/api/?name=2fedf0598744fea03435f060bd9cb65a

5.3 . Flow conditions

5.3.1 The rate of flow shall be constant or, in practice,
vary only slightly and slowly with time. This International
Standard does not provide for the measurement - of
pulsating flow.

5.3.2 The flow of fluid through the primary device shall
not cause any change of phase. To determine whether there
is a change of phase, the computation of flow shall be
carried out on the assumption that the expansion is isen-
tropic if
liguid.

5.3.3 H the fluid is gas, the pressure. ratio as defined
in 2.2.4 thall be equal to or greater than 0,75._

6 INSTIALLATION REQUIREMENTS
6.1 General

6.1.1 The measuring process applies only to fluids fiowing
through fa pipe-line of circular cross-section.

6.1.2 The pipe shall run full at the measuring section.

6.1.3 . Tlhe primary device shall be installed in the pipe-line
at a pogition such that the flow conditions immediately
upstreanp sufficiently approach those of a fully developed
profile ’J'nd are free from swirl (see 6.4). Such conditions
may be|expected to exist if the installation conforms to
requirements given in clause 6.

6.1.4 The primary device shall be fitted- between two
sections| of straight cylindrical pipe of\'constant cross-
sectional area, in which there is no dbstruction or branch
connection (whether or not there lis flow into or out of
such cohnections during measufement) other than those
specified in this tnternational Standard.

The pipg is considered straight when it appears so by mere
visual inspection. The{reguired minimum straight lengths
of pipe| which conform to the description above, vary
according to the nature of the fittings, the type of primary
device and thediameter ratio. They are indicated in tables 3
and 4.

required for installation between various

1SO 5167-1980 (E)

diameters at least, distributed in each of at least three
cross-sections themselves: distributed over a length of 0,5 D,
two of these sections being at distances 0 D and 0,5 D from

the upstream tapping. If then is a carrier

ring (figure 4 a)

this value of 0,5 D is to be taken from the upstream edge

of the carrier ring.

6.1.6 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
inspection, The cnrcularlty of the outs|de

prlmary device where special - requjrem
according to the type of primary device'u
6.6.1).

by mere visual
of the pipe may
te vicinity of the
nts shall apply
d (see 6.5.1 and

6.1.7 The internal‘ diameter~D-of the measuring pipe shatl

comply with the values_given for each
device.

type of primary

6.1.8 The inside~surface of the measuring. pipe shall be

clean, free frém pitting and deposit and r

ot encrusted for

at least a length of 10 D upstream and 4 D downstream of

the primary device.

6.1.9" The measuring section and the pip¢ flanges shall be

lagged over at least the whole length of the
runs. It is, however, unnecessary to lag tH
temperature of the fluid, between the inlet
straight length of the upstream pipe and
straight length of the downstream pipe,

required straight
e pipe when the
of the minimum
the outlet of the
does not exceed

any limiting value selected by the user ag being sufficient

for the accuracy of flow measurement whig

h he requires.

6.2 Minimum upstream and downstream| straight lengths

primary device

6.2.1 The minimum straight lengths are
and 4.

6.2.2 The straight lengths given in tab
minimum values, and straight lengths lo
indicated are always recommended. Fo

fittings and the

given in tables 3

eé 3 and 4 are
nger than those
research work

especially atleast double the upstream values given in tables 3

and 4 are recornmended for ‘“zero additio

hal uncertainty”’,

6.1.5 The value for the pipe diameter D to be used in the
computation of the diameter ratio shall be the mean of the
internal diameter over a length of 0,5 D upstream of the
upstream pressure tapping. This internal mean diameter
shall be the arithmetic mean of measurements at four

6.2.3 When the straight lengths comply witiw the require-
ments of tables 3 and 4 and when they are longer than or

equal to the values given for "'zero additiona

I uncertainty** 2),

there is no.need to add any additional deviation to the flow
coefficient uncertainty to take account of the effect of

such installation conditions.

1) This is the subject of Technical Report 3313 ‘‘Measurement of pulsating fluid flow by means of orifice plates, nozzles or venturi tubes, in
particular in the case of sinusoidal or square wave intermittent periodic type fluctuation’'.

2) Unbracketed values in tables 3 and 4.
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6.2.4 When the upstream OR downstream straight lengths
are shorter than the “zero additional uncertainty’ values!)
and equal to or greater-than the ‘£ 0,5 % additional un-
certainty’ values?’, as given in tables 3 and 4, an additional
deviation of = 0,5 % shall be added arithmetically to the
uncertainty on the flow coefficient.

6.25 If the straight lengths are shorter than “the £ 0,5%
additional uncertainty” values?! given in tables 3 and 4,
this International Standard gives no information by which

downstream straight lengths are simultaneously shorter
than the “'zero additional uncertainty’” values'’,

6.2.6 The valves mentioned in tables 3 and 4 shall be fully
open. It is recommended that control be effected by valves
located downstream of the primary device. Isolating valves
located upstream shall be preferably of the "‘gate’” type and
shall be fully open.

6.2.7 After a single change of direction (bend or tee), it is
recommended that the tappings (if pairs of single tappingsy

to predict WWWWWWMWH—F\WWXK will be
into account; this is also the case when the upstream AND perpendicular to the plane of the bend or tee.)|.
TABLE 3 — Required straight lengths for orifice plates, nozzles and venturi nozzles
Minimum straight’ lengths required between various fittings located upstream or downstream of the-primary device and the
primary devfce itself.
The unbracketed values are ‘zero additional uncertainty’” values (see 6.2.3).
The bracketed values are ‘£ 0,5 % additional uncertainty’’ values (see 6.2.4).
All straivght lengths are expressed as multiples of the diameter D. They shall be measured from the upstream face of the
primary devjce.
On down-
On upstream (inlet) side of the primary device stream
(outlet) side
ingle 90° Two oF more Two or more Reducer Expander All fitti
end or tee o R 90° bends in | (2 D to D'over 05D toD Globe valve Gate valve X ' mgs
8 v 90° bends in . inciuded in
(flpw from one the same plane different a‘length of over a length fully open fully open this tabl
banch only} P planes 1S Dt03D) |of 1D 102 D) s 1able
< 0,20 10 (6) 14{7) 34 (17) 5 16 (8) 18 (9) 12 (6) 4 (2)
0,25 10 (6) - 14 (7) 34 (17) 5 16 (8) 18 (9) 12 (8) 4 (2}
© 0,30 10 {6} 16 (8) 34:417) 5 16 (8) 18 (9) 12 (6) 5 {(2,5)
0,36 12 (6) 16 (8) 36 (18) 5 16 (8) 18 (9) 12 (6} 5 (2,56}
0,40 14 (7) 18 (9) 36 (18) 5 16 (8) 20 {10) - 12 (6) - 613)
0,45 14 (7) 18 {9) 38 (19) '8 17 (9) 20 (10} 12.(6) 6 (3)
0,50 14 (7) 20 (10) 40 (20) 6 (5) 18 (9) 22 (11) 12 (6) 6 {3)
0,55 16 (8) 22 11) 44 (22) 8 (5) 20 (10) 24 (12} 14 (7) 6 (3)
0,60 18 (9) 26 (13) 48 (24) 9 (5) 22 (11) 26 (13} 14 (7) 7 {3,5)
0,65 22 (11) - 32 (16} 54 (27) 11 {(6) 25 (13) 28 (14) 16(8) 7 (3,5)
0,70 28 (14) : 36 (18) 62 (31) 14 (7) 30 (15) 32 (16) 20 (10) 7 (3,5)
0,75 36 (18) 42 (21) 70 (35} 22 (11) 38 (19) 36 {18) 24 (12) 8 (4)
0,80 46123) 50 (25) 80 (40) 30 (15) 54 (27) 44 (22) 30 (15} 8 (4)
e Minimum upstream (inlet)
Fittings straight length required
For alt Abrupt symmetrical reduction having a diameter ratio > 0,5 30 (15)
Bvalues
Thermometer pocket or well of diameter < 0,03 D 5 (3)
Thermometer pocket or well of diameter between 0,03 D and 0,13 D 20 (10)

1) Unbracketed values in tables 3 and 4.
2) Bracketed values in tables 3 and 4.
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TABLE 4 — Required straight lengths for classical venturi tubes

Minimum straight lengths required between various fittings located upstream of the cIassucal venturi tube and the classical

venturi tube itself.

The values without brackets are values for a “zero additional uncertainty’ (see 6.2.3).

The values between brackets are values for an “‘additional uncertainty of + 0,5 %" (see 6.2.4).

All straight lengths -are expressed as multiples of diameter D. They shall be measured from the pres‘sure tapping plane up-
stream of the classical venturi tube. The pipe roughness, at least over the length indicated in table 4 shall not exceed that of
a smooth, commercially available pipe-line (approximately k/D < 1079).

downsteam of the throat pressure tapping plane do not affect the accuracy of the measurement.

sn‘.uate at least Tour|throat diameters

N ‘ Single 90° short Two or more 90° | Two or more 90° | Reducer3 D to D | Expander 0,75 D Gate valve
Diamdter ratio radius bend?) ~ bends in the bends in different over a length to D .over a length fully open
same planel) planes?) 2) of350D of D vop
d.30 0,53 1,5 (0,5) {0,5) 0,53 1,5 (0,5) 1,6 {0,5)
435 0,53 1.5 (0,5 (0.,5) 1,5 (0,5) 1,5 (0,5) 2,5 (0,5)
g40 0,53 1,5 (0,5) {0,5) 2,5 (0,5) 1,5 {0,5) 2,5 (1,5)
4,45 1,0 (0,5) 1,5 {0,5) (0,5) 4,5.(0,5) 2,5(1,0) 3,6 (1,5)
J,50 1.5 (0,5} 2,5 {1,5) (8,5) 5/5 (0,5) 2,5 (1,5) 3,5 (1,5)
4,55 2,5 (0,5) 2,5 (1,5) (12,5) 6,5 (0,5) 3,5 (1,5) 4,5 (2,5)
9,60 3000 3,5 {2,5) (172,5) 8,5 (0,5) 3,5 (1,5) 4,5 (2,5)
065 4,0 (1,5) 4,5 (2;5) (23,5) 9,5 {1,5) 4,5 (2,5) 4,5 (2,5)
Q70 4,0 (2,0) 4,5 {2,5) (27,5) 10,5 (2,5) . 5,61(3,6) 5,5 (3,5)
075 4,5 (3,0) 4,5 (3,5) (29,5} 11,5 (3,5) 6,5 {4,5) 5,5 (3,6)

1) The dadius of curvature of the bend shall be equal to or greaterthan the pipe diameter.

2) As thie effect of these fittings may still be bresent after 40D, no unbracketed values can be given in the fable.

3} Sincd no fitting .can be placed closer than 0,5 D to the upstream pressure tapping in the venturi tube, the “zero addjtional uncertainty”

value is the only one applicable in this distance.

NOTE —| The reasons for which the minimum straight Iengths required for class:cal venturi tubes are less than those defined in table 3 for

orifice plptes, nozzles and venturi nozzles, include'the following :

b) t

a) t:]ey are derived from dlfferent experimental results and different correlation approaches

e convergent portion of the-classical venturi tube is designed to obtain a more uniform *'velocity profile’” at the throat of the device.

Tests have shown that with idéntical diameter ratios, the minimum straight lengths upstream of the classical venturi tube may be less than

those fequired for orifice plates nozzies and venturi nozzles.

6.2.8 Tlhe values given, in' tables 3 and 4 were obtained
experimntally withca‘very long straight length upstream
of the particular(fitting in question and so it could be
assumed that the-flow upstream the disturbance was close
enough [to a fully developed and swirl-free flow. Usually,
such cot dmons are. not avaﬂable and the followmg remarks
may be bsse

a) If the primary device is installed in a pipe leading
from an upstream open space or large vessel, either
directly or through any fitting, the total length of pipe
between the open space and the primary device shall

never be less than 30 D). If any fitting is installed, then.

the straight lengths given in tables 3 and 4 shall also
apply between this fitting and the primary device.

b) If several fittings other than 90° bends®’ are placed

in series upstream from- the primpry device, the
following rule shall be ‘applied : betyveen the closest
fitting (1) to the primary device and the primary device
itself, there shall be a minimum straight length such as is
indicated for the fitting (1) in questidn and the actual
values of 8 in tables 3 and 4 But in afldition, between

g gee one—2), there shall be
a straight Iength equal to one half of the value given in
the tables 3 and 4 for fitting (2) applicable to a primary
device of diameter ratio § = 0,7, whatever the actual
value of § may be. This requirement does not apply
when the fitting (2) is an abrupt symmetrical reduction,
which case is covered by paragraph a) above.

tf one of the minimum straight lengths so adopted is a
bracketed one, a * 0,5 % additional uncertainty shall be
added to the flow coefficient uncertainty.

4) In the absence of experimental data, it has seemed wise to adopt for the classical venturi tubes, the conditions required for orifice plates

and nozzles,

5) In the case of several 90° bends, refer to tables 3 and 4 which can be applied whatever the length between two consecutive bends.
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6.3 Straightening devices

The use of flow straightening devices of the types described
in 6.3.2 and figure 1 is recommended to permit the instal-
lation of primary devices downstream of fittings not
included in table 3 or table 4. When a large area ratio
primary device is to be used the inclusion of such devices
sometimes permits the use of shorter installation lengths
upstream of the primary device than are given in table 3.

When installed as described in 6.3.1, the use of a flow

6.3.1 [Installation

Any flow straightener used shall be installed in the straight
length between the primary device and the upstream
disturbance or fitting closest to the primary device. Unless
the conditions stated in the first paragraph of 6.4 have
been met, the straight length between this fitting and the
straightener itself shall be equal to at least 20 D, and the
straight length between the straightener and the primary
device shall be equal to at least 22 D, Straighteners are
only fully effective if their installation is such that the

minimum of gaps are left around the resistive elements of

straightener |does not introduce any additional uncertainty
to the flow ¢oefficient uncertainty.

the device, therefore permitting no by-pass. flows which
would prevent their proper functioning.

L R
R~/7/8
d/D = ;
0,139 . RN2
R/2/2
18° 30/

TN
),
e

D0x
" %;' o,co'/i*
DS

\©

Type A : ““Zanker’ straightenar

FIGURE 1 — Straighteners
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D> 200

d<02D

. Type C : Tube bundle straightener

NOTE — In order to decrease the pressure loss the entrance of the holes may be bevelled at 45°.

FIGURE 1 — Straighteners (end)
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6.3.2 Types of straightening devices

The three standardised types of straighteners, A, B and C
are shown in figure 1. It should be noted that these devices
create a pressure loss which in the case of type A is ap-
proximately 5 (1/2 pU?), in the case of type B is ap-
proximately 15 (1/2 pU?), and in the. case of type C is
approximately 5 (1/2 pU?). :

6.3.2.1 Tvre A: ZANKER STRAIGHTENER

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

6.5 Additional specific instaliation requirements for
orifice plates, nozzles and venturi nozzles

This straighteher consists of a perforated plate with holes of
certain specified sizes followed by ‘a number of channels
{one for each hole) formed by the intersection of a number
of plates. The important dimensions are given in figure 1.

The various plates should be chosen to provide adequate
. strength, but they should not be unnecessarily thick.

6.3.2.2 Tvrf B:SPRENKLE STRAIGHTENER

This straightener consists of three perforated plates in series
with a length lequal to one pipe diameter between successive
plates. The perforations should preferably be chamfered on
the upstream pide, and the total area of the holes in each plate
should be greater than 40 % of the cross sectional area of
the pipe. The ratio of plate thickness to hole diameter shall
be at least 1|0 and the diameter of ‘the holes shall be less
than 1/20 of the pipe diameter.

The three plptes shall be held together by bars or studs,
which shall be located around the periphery of thepipe
bore, and whjch shall be of as- small a diameter as possnble
consistent with providing the required strength.

6.3.2.3 TvyrPE C:TUBE BUNDLE STRAIGHTENER "'

This type of|straightener consist 6f-a number of parallel
tubes fixed fogether and heldCrigidly in the pipe. It is
important in|this case to enstire)that the various. tubes are
parallel with pach other and\With the pipe axis since, if this
requirement |s not complied with, the straightener itself
might introdyce disturbances into the flow.

There shall be at. Ieast 19 tubes. The:r Iength shan be more
or equal to 2 8s
bundle tangent to the pipe.

6.4 General requirement for flow conditions at the
primary device

If the prescribed installation conditions given in tables 3
and 4 or in 6.3 cannot be met this International Standard
still remains valid if it can be demonstrated that the flow
conditions immediately upstream of the primary device
conform to 6.1.3.

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

12

6.5.1 Circularity of the pipe

In the immediate vicinity of the primary.device| the follow-
ing requirements shall apply :

6.56.1.1 The length of the upstream pipe sectipn adjacent
to the primary device (or to.the carrier ring if rere is one})
shall be at least 2 D and‘cylindrical. The pipe ¥ said to be
cylindrical when no djameter in any plane différs by more
than 0,3 % from the value of D obtained as a mgan value of
all measurements.in 6.1.5.

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

No additional uncertainty in the discharge cpefficient is
involved provided that the step between any two sections
does not exceed the requirement for cylingdricality of
0,3 % as defined in 6.5.1.1,

6.5.1.3 .If the step h between any two sectigns exceeds
the limits given in 6.5.1.2, but complies with tHe following
relationships o

s g }‘
2404
h 0008 | =2
D" \o,4 4238
and '
~<0,05

where s is the distance of the step from the upstream
3 g a R ely, then an

addmonal uncertamty of +0,2 % shaH be added

arithmetically 1o the uncertainty for the flow coefficient.

6.5.1.4 ’ If the step is greater than any one of the limits given
in the equation above, the instaliation is not in accordance
with this International Standard.

6.5.1.5 No diameter of the downstream straight fength,
considered along a length of at least 2 D from the up-
stream 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 the check of a single
diameter of the downstream straight length.


https://standardsiso.com/api/?name=2fedf0598744fea03435f060bd9cb65a

6.5.2 Drain holes and vent holes

The pipe may be provided with the necessary drain holes
for the removal of solid deposits and fluids other than the
measured fluid and also of vent holes. There shall be no
flow through these drain holes and vent holes however
while flow measurement is in progress.

The drain holes and vent holes should not he located near
to the primary device, unless it is unavoidable to do so. In
such a case, the diameter of these drain holes shall be
smaller than 0,08 D and their location such that the

1SO 5167-1980 (E)

6.56.4.2 Gaskets, if used, shall be made and inserted in such
a way that they do not protrude at any point inside the
pipe or across the pressure hole or slot when corner
tappings are used. They shall be as thin as possible and
in any case shall not be thicker than 0,03 D.

6.5.4.3 If gaskets are .used between the primary device
and the annular chamber rings, they shall not protrude
inside the annular chamber. ‘

distance] measured on a straight line, from one of these
holes to|a pressure tapping of the primary device placed on
the sam¢ side of this primary device, is always greater than
0,5 D. Kurthermore, the centre-line of the drain hole or
vent hole shall be situated in an axial sector of the pipe
which dpes not include any pressure tapping.

6.5.3 [location of primary device and rings

6.5.3.1 | The primary device shall be placed in the pipe in
such a way that the fluid flows from. the upstream face
towards| the downstream face (see the arrow ‘‘“flow
directiop’’ on the figures.

6.5.3.2| The primary device shall be perpendicular to the
centre-line of the pipe to within + 1°,

6.5.3.3 | The primary device shall be centred in the pipe
or, if gdpplicable, in the carrier rings. The distance e,
betweer| the centre-line of the orifice and the centre-lines of
the pipd on the upstream and downstream sides-shall be less
than or gqual to :

0,0005D
0142364
If 0.005 D e, < 000D an additional error of
0142384  * 0A4F238%
+ 0,3 % [shall be added arithmetically to the uncertainty on
the flow coefficient a. In the case where g, > M—-
7 0,1+23p4

this Int¢rnational Standard gives no information by which
to predict the value of any further uncertainty to be taken
into accpunt.

6.6 Additional specific installation‘requirements for
classical venturi tubes

6.6.1 Circb/arity of the-pipe

In the immediate vicinity of the classical| venturi tube the
following requirements shall apply :

6.6.1.1 Qver an upstream length of at least 2 D measured
from the upstream end of the entrance| cylinder of the
venturi'tube, the pipe shall be cylindrical.

6.6.1.2 The mean diameter of the pipe, |[D, where it joins
the classical venturi tube shall be within+ 1% of the
classical venturi tube entrance cylinder digmeter. Moreover,
no single diameter of this inlet pipe sectior] shall differ from
the mean. of the measured diameters by |more than +2 %
for a distance of two pipe diameters precg¢ding the classical
venturi tube. '

6.6.1.3 The diameter of the pipe immediately downstream
of the venturi tube need not be measured accurately but it
shall be checked that the downstream pipe diameter is not
less than 90 % of the diameter at the erjd of the venturi

-tube divergent. This means.that, in most cpses, pipes having

the same nominal bore as that of the venguri tube may. be
used.

6.6.2 Roughness of the upstream pipe

6.5.3.4 When carrier rings are used, they shall be so
centred that at no point do they protrude into the pipe.

6.5.4 Fixing and gaskets

6.5.4.1 The method of fixing and tightening shall be such
that once the primary device has been installed in the
proper position, it remains so.

It is necessary, when holding the primary device between
flanges, to allow for its free thermal expansion and to avoid
buckling and distortion, o N

Fhe— of k/D< 1073
on a fength at least equal to 2 D measured upstream from

the classical venturi tube.

6.6.3 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 piece of pipe A,
(see 9.1.2), shall be less than 0,005 D. The angular
alignment uncertainty of the venturi tube centre-lineé 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 6.1.5) shall be less than 0,007 6 D.

13
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6.6.4 Drain holes and vent holes

The pipe may be provided with the drain holes necessary
for the removal of solid deposits and fluids other than the
measured fluid and also with vent holes. There shall be no
flow however through these drain holes or vent holes while
flow measurement is in progress.

7 ORIFICE PLATES

The various
therefore nged only the one description. Each type of
standard orifice plate is-characterized by the arrangement
of pressure tIp’pings.

No orifice glate can be used according to this standard
unless it copforms with the following description under
flowing conditions. )

7.1 Descripgion

The axial plane cross-section of the plate is shown in
figure 2.

The letters srown in figure 2 are for reference purposes in
the following text.

7.1.1 Genefal shape

7.1.1.1 The part of the plate inside the pipe shall be

circular and
of this plate

concentric with the pipe centre-line, The faces
thall always be flat and parallel.

7.1.1.2 Unipss otherwise stated, the following'descriptions

“apply only ¢
within the p

7.1.1.3 Car
plate to er
deformation
differential
the flatness |

b that part of the plate intended to be located
pe.

b shall be taken-inn-the design of the orifice

7.1.2.3 It is useful to provide a distinctive mark which is
visible even when the orifice plate is installed to show that
the upstream face of the orifice plate is correctly installed
relative to the direction of flow.

7.1.3 Downstream face B

7.1.3.1 The downstream face shall be flat and parallel with
the upstream face.

T3, is essar Tovi a
surface finish for the downstream face as for
face.

quality of
he upstream

7.1.3.3 The flatness and surface\Condition of the down-
stream face can be judged by mere visual inspedtion,

Thickness £ of the plate

)

Upstream face A~} Jea—0u— Downstream face B

k4
S
®
e

5 e

Thickness e of the orifice

Axial centre-line

7.1.2 Upstream face A

are invisible to the naked evye.

: al
sure that the)plastic- buckling and elastic © ©
of the plate,> due to the strength of the '
ressure ot of any other stress does not cause —
mit given below to be exceeded. Direction of flow
l Dewnstrearnedges H and |
7.1.2.1 The upstream face of the plate A shall be flat. It ‘:g‘:'g"m
is considered as such when the slope of a straight line 9
connecting any two points of its surface in relation to a
plane perpendicular to the centre-line is less than 1%, WA
ignoring -the inevitable local defects of the surface which
4

7.1.2.2 The upstream face of the orifice plate shall have a
roughness criterion R, < 10"* d within a circle whose
diameter is not less than 1,5d and which.is concentric
with the orifice. :

14

FIGURE 2 — Standard orifice plate
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7.1.4 Thickness E and e

7.1.4.1 The thickness e of the orifice shall be between
0,005 D and 0,02 D.

7.1.4.2 The values of ¢ measured at any point on the
orifice shall not differ among themselves by more than
0,001 D.

7.14.3 The thickness £ of the plate shall be between e

1SO 5167-1980 (E)

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

7.1.7.3 The orifice shall be cylindrical and perpendicular
to the upstream face.

No diameter shall differ by more than 0,05% from the
value of the mean diameter. This requirement s satisfied
when the difference in the length of any of the measured

and 0,04.D.

7.1.4.4 | The values of £ measured at any point of the plate
shall no{ differ among themselves by more than 0,001 D.

7.1.5 Angle of bevel F

7.15.1 [If the thickness £ of the plate exceeds the
thickness e of the orifice, the plate shall be bevelied on
the downstream side. The bevelled surface shall be well
finished

7.1.5.2 | The angle of bevel F shall be between 30 and 45°.

7.1.6 HBdges G, Hand |

7.1.6.1 | The upstream edge G and the downstream edges H
and | shall have neither wire-edges, nor burrs, nor;.it general,
any peéculiarities visible to the naked eye.

7.16.2 [The upstream edge G shalh \be Sharp. It is
considered so if the edge radius™is”not greater than
0,0004p,

If d 2 1P5 mm this conditiori\may generally be considered
as satisfied by mere visual <inspection, checking that the
edge do¢s not seem tocrefiéct a beam of light when viewed
with a naked eye.

If o < 125 mmyisual inspection is not sufficient but this
condition may,generally be considered as satisfied when
the upstyeam ‘face of the orifice plate is finished by a very

diameters—complies—with—thesaid—requirement in respect
of the mean of the measured diameters, .

circularity of an orifice bore within the accuracy required
without it being necessary to measure the mean diameter
of the orifice bore itself.

Attention is called to the fact that-it is %ossible to check

7.1.8 Symmetricalplates

7.1.8.1 If the orifice plate is intended| to be used for
measuring reverse flows,
— the plate shall not be bevelled;

3

—“the two faces shall be in accorflance with the
description of the upstream face as in 7./1.2;

— the thickness E of the plate shall|be equal to the
thickness e of the orifice as described in|7.1.4;

— the two edges of the orifice shall be in accordance
with the description of the upstream edge as in 7.1.6.

7.1.8.2 Furthermore {see 7.2), for orifi¢e plates with D
and D/2 tappings, two sets of upstream pnd downstream
pressure taps should be arranged and used glternatively.

7.1.9 Material and manufacture

7.1.9.1 The plate can be manufactured|of any material
and in any way, provided it is and remaips in accordance
with the foregoing description during the flow measure-
ments.

In particular, the plate shall be clean when the measure-
ments are made.

However if there is any doubt as to whether this condition
is satisfied, the edge radius must be actually measured.

7.1.7 Diameter of orifice d

7.1.7.1 The diameter d shall be in any case equal to or
greater than 12,56 mm, The ratio § = d/D is always equal to
or greater than 0,20 or 0,23 and less than or equal to 0,75
or 0,80 according to the type of orifice plate used.

Within these -limits, the value of § is chosen by the user
and represents a parameter for defining an orifice plate of
a given type.

7.1.9.2 The machining required to obtain a plate conform-
ing to the description of this International Standard calls
for the use of machine tools of good quality and in good
condition. :

7.2 Pressure tappings

At least one upstream pressure tapping and one
downstream pressure tapping shall be provided for each
primary device, installed in one or other of the
recommended standard positions.’

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

15
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plates, but to avoid mutual interference, several tappings
on the one side of the orifice plate shall not be in the same
axial plane. ‘

7.2.1 Shape and diameters of pressure tappings, other than
corner tappings (for corner tappings see 7.2.4)

7.2.1.1 The centre-line of the tapping shall meet the pipe
centre-line and be at right angles to it.

7212 At -
circular. The |edges shall be flush with the internal surface
of the pipe vall and as sharp as possible. To ensure the
elimination all burrs or wire edges at the inner edge, a
minimum roynding shall be permitted but shall be kept as
small as poss|ble and where it can be measured its radius
_shall be less than 1/10th of the pressure tapping diameter.
No irregularify shall 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.

7.2.1.3 Conformity of the pressure tappings with the two
foregoing descriptions can be judged by mere visual
inspection, :

7.2.1.4 The |diameters of pressure tappings shall be less
than 0,08 D gnd preferably less than 12 mm. No restriction
is placed on the minimum diameter which is determined in
practice by [the likelihood of accidentai blockage and
satisfactory Hynamic performance. The upstream and
downstream Qressure tappings shall have the same diameter.

7.2.1.5 The|pressure tappings shall be cylindrical~over a
length at lepst 2,5 times the diameter of the tapping,
measured fromn the inner wall of the pipe-line.

7.2.2 Anguldr position of pressure tappings, other than
corner tappings ’ ‘

7.2.2.1 The [centre-lines of the-pressure tappings may be
located in arly axial plane of‘\the pipe-line subject to the
comment madle in 6.2.7.

7.2.2.2 The |axis of the upstream tapping and that of the
downstream [tapping may be located in different axiai
planes (see al§0'6:2.7).

7.2.3.2 The spacing of the pressure tapping characterizes
the type of standard orifice plate.

7.2.3.3 The spacing of corner tappings is described under
7.2.4.

7.2.34 ORIFICE PLATE WITH D AND D/2 TAPPINGS
{see figure 3)

The spacing [, of the upstream pressure tapping is
nominally equal to D, but may be between 09 D and 1,1 D

The spacing [, of the downstream pressure|tapping is
nominally equal to 0,5 D, but may belbetweeh following
values without modification of the flow coeffici¢nt :

between 0,48 D and 0,52 D when < 0,6
between 0,49 D and 0,51 D when > 0,6

Both I, and I, spacingstare measured from the UPSTREAM
face of the orifice plate.

7.2.35 ORJIFICE PLATE WITH FLANGE [TAPPINGS
(see figure'3)

The «spacing l1 of the upstream pressure |tapping is
nominally of 254 mm and is measured | from the
UPSTREAM face of the orifice plate. :

The spacing l'2 of the downstream pressure| tapping is
nominally of 25,4 mm and is measured from the DOWN-
STREAM face of the orifice plate.

These upstream and downstream spacings /, gnd [, may
be between the following values without modjfication of
the flow coefficient :

between 25,4 £ 0,5 mm whenb, simultaneougly, § > 0,6
and 58 mm <D < 150 mm

between 25,4 + 1 mm in the other cases, that|is § < 0,6
or$> 0,6 but 50 mm <D <58 mm
or $>> 0,6 but 150 mm < D <760 mm

7.2.2.3 However, attention is drawn to the fact that, in
all cases, the readings of differential pressure obtained by
these pressure tappings shall be in accordance with the
definition of 2.2.3.

7.2.3 Spacing of pressure tappings

7.2.3.1. The spacing / of a pressure tapping is the distance
between the centre-line of the pressure tapping and the
plane of one specified face of the orifice plate. When
installing the pressure tappings, due account must be taken
of the thickness of the gaskets and/or sealing material, if
such gaskets or material are to be used.

16

7.2.4 Corner tappings

7.2.4.1 The spacing between the centre-lines of the
tappings and the respective faces of the plate is equal to
half the diameter or to half the width of the tappings
themselves, so that the tapping holes break through the
wall flush with the faces of the plate (see also 7.2.4.5).

7.24.2 The pressure tappings may be  either: single
tappings or annular slots, as shown in figure 4, to which the
letters below: refer. Both types of tappings can be located
either in the pipe or its flanges or in carrier rings as shown

‘ in the figures.
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05D0+0,02D for $<0,6
05D0+0,01Dfor3>0,6

(amyl
X Direction of flow Q -
{ ‘ . < -

{25,4 £ 0,5) mm for > 0,6 and 58 mm < D < 150 mm
(25,4 £ 1) mm for<0,6
orforf>06but S0mMM NS 5 mm

or for §>> 0,6 but 150 mm <.D < 760 mm A ‘ FIGURE 3 — Spacing of pressuraLtappings for orifice
) ! ‘ plates with D and D/2 or flange tappings

D and D/2 Pressure tappings

)
Hj | Hirg
Flange tappings

Pressure tappings .
_PJ

o

Sl
. { + S mmm—— Carrier ring

/1 |
a) Carrier fing ‘ / 9 . ( -

with anhular slot

-

- N

¢ Thickness of the slot

f
¢ ! Length of the upstream ring
] ¢ : Length of the downstream ring
Y b : Diameter of the ring
© a8 : Width of the annular slot

. Axial cgntre-line
Ql. . .

Flow direction
| -

J=——— Orifice piate

b) Individual tappings

¢a

g

\\ \ . FIGURE 4 — Corner tappings
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7.24.3  The diameter a of single tappings or the width a of
annular slots are given below. The minimum diameter is
determined in practice by the likelihood of accidental
blockage and satisfactory performance.

Clean fluids and steam
For$<0,65:0,005D0<a<0,030D
For>065:0,010<a<0,02D

For any values of §

The length f shall be greater than or equal to twice the
width a of the annular slot. The area of the cross section
of the annular chamber g X 4 shall be greater than or equal
to half the total area of the opening connecting this

chamber to the inside of the pipe.

7.24.7 All surfaces of the ring which can be in contact
with the measured fluid shall be clean and have a good

machine finish,

For clean[fTuids ;. T mm <2 < 10 mm
For stear with annular chambers: 1 mm <a < 10 mm

For steam and for liquefied gases with single tappings :
4mm<a<10mm

7.2.4.4 Thel annular slots usually break through the pipe
over the entire perimeter, with no break in continuity. If
not, each chpmber shall connect with the inside of the pipe
by at least four openings, the axes of which are at equal
angles to onp another and the individual opening area of
each is at leapt 12 mm?2,

7.2.4.5 I |individual- pressure tappings, as shown in

12 memgummhmihe annular
chambers to the secondary devices are pipeswpll tappings,

circular at the point of breakthrough and 'with diameters j

between 4 and 10 mm. (See 7.2.1.2.)

7.2.4.9 The upstream and downstream carrier

Fings are not

necessarily symmetrical in relation to each othpr, but they

shall both conform with the\foregoing specifica

ions.’

7.2.4.10 The diameter. of the pipe to be used for the

calculation of the diameter ratio, and hence the

flow-rate, is

to be measured(as, defined in 6.1.5, the carrigr ring being

regarded as part of the primary device. This al

0 applies to

the length fequirement given in 6.5.1.3 so that|the length s
is to be taken from the upstream edge of the rdcess formed

by the carrier ring.

figure 4 b),

re used, the centre-line of the tappings shall

cross the centre-line of the pipe at as near a right angle
(90°) as posdible.

If there are
upstream or

veral individual pressure tappings for the same
downstream axial plane, their centre-lings shall

7.3.1 Limits of use

7.3 Coefficients and corresponding uncertainties of orifice
plates

Moreover, the value of b shall be within the following limits :

form equal | angles wi.th each 'other. The diameters of These types of orifice plates shall only be used in
individual pressure tappings are given in 7.2,4.3, accordance with this International Standards when :
The pressurltappings shall be cylindrical ovet a length at
least 2,5 timps the diameter of the tappings, measured from Corner taps Flange taps | D and D/2 taps
- the inner wall of the pipe-line. d tmm) > 125 >125 > 125
D (mm) | 50< D <1000 50< D <760 50|< D < 760
7.24.6 The inner diameter b.ofthe carrier rings must be B 0,23<8<080 | 02<8<0,75 | 0,2< <075
equal to or]greater than the.diameter D of the pipe to Rep |5000< Rep >126062D" | = 12604207
ensure that fhey do not protrude into the pipe. The follow- < 108 for 0,23 < 108 < 108
ing relation must be fulfilled : < B <045
- 10 000 < Rep
b DXEX100\ 0.1 <108for0,45
D "D 0,1x23p4 <B<077
The lengths ¢ and ¢’ of the upstream and downstream rings 2°1°%°f< Rep
(figure 4) shall not be greater than 0,5 D. j ﬂ(; 00;00'77

1) Where D is expressed in millimetres.

D<b<104D In addition, roughness shall conform to the values in table 5.
TABLE 5 — Upper limits of relative roughness of the upstream pipe-line for orifice plates
B <03 ] 032 0,34 0,36 0,38 04 0,45 0,5 0,6 0,7 0,8
Corner taps 104 &/D 25 18,1 12,9 10,0 é,3 71 5,6 4,9 4,2 4,0 3,9
Flange taps and D and D/2 taps ‘I‘O4 k/iD| 25 ‘ 18,1 12,9 10 10 10 - 10 10 10 10 10

18
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The value of k, uniform equivalent roughness, expressed in
length units, depends on several factors such as height,
distribution, angularity and other geometric aspects of the
roughness elements at the pipe wall.

A full scale pressure loss test of a sample length of the parti-
cular pipe should be carried out to determine the value of k
satisfactorily.

However, approximate values of k for different materials
can be obtained from the various tables given in reference
literature, and table 6 gives values of k for a variety of
materials, as derived from the Colebrook formula.

1SO 5167-1980 (E)

COMMENTS Q
In this equation :

C s the discharge coefficient;

g isthe diameter ratio, §=d/D;

Rep is the pipe Reynolds number;

L,=1,/D is the quotient of the distance of upstream
tapping from the UPSTREAM face of the plate, divided by
the pipe diameter;

Most of|the experiments on which the values of C given in
the present International Standard are based, were carried
out in gipes with a relative roughness k/D < 3,8 x 1074 as
regards forner tappings, or k/D < 10 X 10~% as regards D
and D/2|or flange tappings.

Pipes wjth higher relative roughness may be used if the
roughnerls for at least 10 D upstream of the orifice plate is
within the limits given in table 5. ‘

7.3.2 (oefficients ,
7.3.2.1 | DISCHARGE COEFFICIENT

The disgharge coefficient C is given by the Stolz equation :

0,5959 + 0,031 232 —0,184 0 3% +

610,75
}0,0029 625 [ 1|+
! Rep

+0,0000L, 8 (1-p4) " -0,0337 L, 83

c

0,033 0
0,090 0
coefficient of g% (1 — g%~ 1.

NOTE — When L4 > (== 0,433 3), use 0,039:0 for

TABLE 6 — Examples of values of the pipe wall roughness £

L, =1,/D is the quotient of the distancJ of downstream
tapping from the DOWNSTREAM face of the plate, divided
by the pipe diameter. (The notation L. denotes the
reference of the downstream-spacing from the DOWN-
STREAM face, while L, would denote a|reference of the
downstream spacing from the UPSTREAM |face.)

The values of L, and L; to be entered |n the equation,
when the spacings-are in accordance with the conditions of
clauses 7.2.4 of,7.2.3.4 or 7.2.3.5 are as follows :

— for<corner tappings :

Ly=L,=0

< for D and D/2 tappings :
L,=1
L,=047

{since L, is always > 0,4333 ... on¢ will always use
0,039 0 for coefficient of 4 (1 — $24)-1)

- for flange tappings
L, = L,=254/D (D in millimetres)

Material Condition k)mm
brass, ¢opper,
alumirfium, smooth, without sediments <(0,03
plasticy, glass : ‘
new, seamless cold drawn <210,03
new, seamless hot drawn -
new, seamless rolled 0,05(to 0,10
new, weltded longitudinally
TIew, welded spitatty ,10
steel slightly rusted 0,10 t0 0,20 -
rusty 0,20 to 0,30
encrusted 0,50 to 2
with heavy incrustations >2
bituminized, new 0,03 to 0,05
bituminized, normal 0,10 t0 0,20
galvanized 0,13
new 0,25
cast iron rusty 10t015
encrusted >15
bituminized, new 0,03 to 0,05
asbestos cement msu!ated and not insulated, new < 0,03
not insulated, normal 0,05
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(in pipe lines with D < 58,62 mm, L, >0,4333...and
one will then use 0,0390 for the coefficient of

B* (1—84)1)
Moreover :

This formula is to be used only for the tappings arrange-
ments defined in sub-clauses 7.2.3.4 or 7.2.3.5 or 7.2.4. In
particular, it is not permitted to enter into the equation
pairs of values of L_1 and L'2 which do not match one of
the three standardized tappings arrangements.

7.4 Pressure loss AD

r‘
|
]
|

7.3.33 Tables 10 to 20 which show the values of C
and « as functions of §, Re and D are given for convenience.
They are not intended for precise interpolation. Extra-

polation is not permitted. |

|
The pressure loss, Aw, for t}}ﬁe orifice plates described in
this International Standard is ;approximately related to the

differential pressure Ap by the equatlon

3 —m/-lz

This formul:;:s—wﬁdﬂndmwﬂmrmim given
hereunder, when the measurement matches all the limits

stated in 7.3}1, and the general installation conditions as
stated in clauge.6.

7.3.2.2 EXPANSIBILITY (EXPANSION) FACTOR

For the threg| tappings arrangements, the empirical formula
~ for computing the expansibility (expansion) factor is as
follows : .

1-(0m/ +k0k35 £4) i
€= - L 4 e

Kp,
This formula| is applicable only within the range of the
limits of use diven in 7.3.1.

Test results fpr the determination of € are known for air,

steam and ndtural gas only. However, there is no known

objection to |using the same formula for other gases and
vapours the ispntropic exponent of which is known,

. p .
However, the [formula is applicable only if—2.>0,75.
. Pq

7.3.3 Uncertainties

7.3.3.1 UNCERTAINTY OF DISCHARGECOEFFICIENT

When 8, D, Rep and k/D are assumédto be known without
error, the perfentage uncertainty_of the value of C is equal
to :

'8 NOZZLES

;8'1 ISA 1932 nozzle

1+a[32

This pressure loss is the difference "in”statjc pressure
between a wall pressure. measured oh \the upstréam side of
the primary device where the influence of thp approach
impact pressure adjacent to |thé)plate becomeE negligible
and that measured on the downstream side of| the device
where the static pressure rectbvery by expansioh of the jet
may be considered as just completed.

There are two types of standeﬂ[rd nozzles :
—VISA 1932 nozzles, and|
— long radius nozzle, {

which are different and are déscribed separately.

'

i
!

_Figure 5 shows the section oflan {SA 1932 nozzle at a plane

passing through the centre-linre of the throat.

The letters in the following téxt are those shownlon figure 5.
I

8.1.1. General shape

The part of the nozzle inside f’che pipe is circular.[The nozzie
consists of a convergent portlon of rounded prpfile, and a

7.3.3.2 UNCERTAINTY OF EXPANSIBILITY
(EXPANSION FACTOR)

Ap - :
When §, — and k are assumed to be known without error,

1 .
the percentage uncertainty of the value of € is equal to :

A
+ 4—2% when $<0,75
P,y

A - : )
+ 8—8% when 0,75 <8< 0,8 (corner taps only)
Py

20

Corner taps Flange taps | D and D/2 taps cylindrical throat. ;
i
8<086 0,6'% 0,6 % 0,6% 8.1.2 Nozzle profile i
06<8<08 N B % - -
0,6<8<0,75 _ % % 8.1.2.1 The profile of the ﬁo7z|e may be characterized by
describing : . J

— aflat inlet part A, perpendicular to the centre-line,

— a convergent sectiob defined by two arcs of
circumference, B and C, !
— acylindrical throat E,|

i

— a recess F which is r%quwed only if damage to the
edge f is feared. |
|
8.1.2.2 The flat inlet part A is limited by a circumference
centered on the axis of revolption, with a diameter of 1,5 d,

and by the inside perimeter of the pipe, of a diameter D.
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Portion to be cut off —

o

od

see 8.1.2.7
c /
E f
0,604 14d
Q . . ° o Q .
© . Flow direction © & © Flow direction
e ———————————
0,604 1d
A
b)d>2p
a)d <-§-D 3

FIGURE 5 — ISA 1932 nozzle
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When d = 2 D/3, the radial width of this flat part is zero.

When d is more than 2 D/3, the upstream face of the nozzle
does not include a flat inlet part within the pipe. In this
case, the nozzle is manufactured as if D is greater than
3d/2 and the inlet flat part is then faced off so that the
smallest diameter of this flat part is just equal to D (see

TABLE 7

figure 5 b), and 8.1.2.7).

8123 The
inlet part A,

arc of circumference B is tangential to the flat
when d <2 D/3 while its radius R, is equal to

Total length of the nozzle,
Values of § excluding the recess
i 2
032« <—§ 0,604 1.d
| )
0,75 0,2 2
2<p<o08 [04041 (-{3-———5—0,5225) ]d

centre is at

2 d from theinlet plane and at 0,75 d from

02d+10 f}forﬁ<05 0 02d£3 % for B =0U,5 and 115

the axial cen

8.1.24 The
arc of circun
is equal to d

re-line

arc of circumference C .is tangential to the
nference B and to the throat E. Its radius R,
/3 £ 10 % for 8 <0,5and to d/3 £3 % for

B = 0,5. Its fentre is at d/2 + d/3 = & d/6 from the axial
centre-line arld at
12 +f39
a= +\——d=0,3041d
60

from the flat

8.1.25 The
"b=10,30d.

The value d

the mean of
distributed in
to each other]|

The throat sH
section shall
of the mean
satisfied whe
measured di
respect of de

Attention is
the circularit
required with
diameter of n

inlet part A,

throat E has a diameter d and a length

bf the diameter of the throat shall be taken as
the measurements of at least four diameters
axial planes and at approximately even angles

all be cylindrical. Any diameter 6f any cross-
hot differ by more than 0,05 %from the value
diameter. This requirement is“considered as

the deviations in the Jdength of any of the
meters comply with the-said requirement in
iation from the mean.

called to the fact. that it is possible to check
y of the nozzle bore within the accuracy
out it being necessary to measure the mean
ozzle borevitself.

8.1.26 The

-f

8.1.2.8 The profile of thé convergentinlet shall be
checked by means of a template.
Two diameters of the convergent inlet*in the [same plane

perpendicular to the axial centre-ine shall no
from the other by more than 0,%% of their mea

8.1.2.9 The surface of the’ upstream face and
shall have a roughness criterion R, < 107* d.

8.1.3 Downstream face

8.1.3.1(/The thickness H shal_ not exceed 0,1 D

8.1.3.2 Apart from the aboVe condition, the
the surface finish of the downstream face are n
(see 8.1.1), ‘

8.1.4 Material and manufactpre

The equivalent details givenéin 7.1.9.1 and 7.1
to the manufacture of the 1ISA 1932 nozzle.

8.1.5 Pressure tappings

differ one
n value,

the throat

profile and
ot specified

9.2, apply,

8.1.5.1 Corner pressure tappings shall be used upstream

of the nozzle.

8.1.56.2 The upstream cornfer tappings shall ¢
|

the requirements in 7.2.4. |

bmply with

1,06d and a Iength equal to or less than 0,03 d. The ratio

-d
of the recess to its axial length shall not

of the height
be greater than 1,2.

The outlet edge f shall be sharp.

8.1.2.7 The total length of the nozzle, excluding the recess
F is 0,604 1 d when d is less than 2 D/3 and is shorter, due
to the inlet profile, if d is more than 2 D/3.

The values below summarize the total iength of the nozzle,
excluding the recess, as a function of .

22

8.1.5.3 The downstream pl%essure tappings may be corner
tappings or located further downstream but in all cases the
distance between the centre of the tapping and the up-
stream of the nozzle must be

<0,15 D for < 0,67
and
<0,2D for3>0,67
8.1.56.4  The diameter of the downstream tappings shall be

in accordance with 7.2.1.4.'Corner tappings as described in
7.2.4 may also be used.
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8.1.6 Coefficients of ISA 1932 nozzles

8.16.1 LiMITS OF USE

This type of nozzle shall only be used in accordance with
this International Standard when :

50 mm < D <500 mm
0,3<4<0,

and Rep is within following limits :

1SO 5167-1980 (E)

pressure ratios and area ratio values is given for convenience.
It is not intended for precise interpolation; extrapolation is
not permitted.

8.1.7 Uncertainties

8.1.7.1 UNCERTAINTY OF DISCHARGE
COEFFICIENT C

The relative uncertainty on the value of C, disregarding the
uncertainties on $8, D, Rep and assuming that k/D is within
the prescribed limits, is equal to :

for 0[360-<$-<0.44 76-000-<Rep<-167
i L D 0,8% for f<0,6
for 044 < $<0,80 20 000 < Rep, < 107

8.16.2 |DISCHARGE COEFFICIENT

The discharge coefficient C is given by »the following
formulal:

C=0,990 00,226 2 34" +
106 115
+ [0 ,000215—-0,001 1258+ 0,002 490(34.'7][”——8 ]
D

Tables 30 and 31 which show the corresponding values of C
or a as § function of § and Rep, are given for convenience.
They afge not intended for precise interpolation; extra-
polation|is not permitted.

Most of the experiments on which the above values of C are
based wpre carried out in pipes with a relative roughness
k/D < 3[8 x 10~ 4, Pipes with higher relative foughness may
be used |if the roughness of at least 10 D upstream, of-the
nozzle if within the limits given in table 8 (see 7.3.1 for
estimation of k/D).

8.16.3 |[EXPANSIBILITY (EXPANSION)\FRACTOR

The expansibility . {expansion) factor, €, is calculated by
means of the following formula :

= 1
2 k=1 2
K" 14 -7 ¥
= B 1—-7
2
k=1 T=p% 7% 1-71

This formula is applicable only for values of 8, D and Re,
in,8.1:6.1. Test results for determination of €

are known-for air, steam and natural gas only. However,
there is e formula for

(26—04)% for>0,6

8.1.7.2 UNCERTAINTY OF(EXPANSIBILITY
(EXPANSION) FACTOR €

Ap

The percentage uncertainty of € is equal to|2 ;—- %.
: 1

8.1.8 Pressuré loss AW

Clause 74) also applies to the pressure Ipss of ISA 1932
nozzies,

8.2 LLong radius nozzles

There are two types of long-radius nozzles, which are
called :

— high-ratio nozzles (0,25 <8< 0,8), and
— low-ratio nozzles (0,20 < <0,5).

For 8 values between 0,25 and 0,5, eithdr design may be
used.

Figure 6, page 24, shows the geometric|shapes of long-
radius nozzles by taking planes passing th rough the throat
centre-lines.
The reference letters used in the text are shown on the
figure.

Both types of nozzles 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.

other gases and vapours the isentropic exponent of which is
known,

p
However, the formula is applicable only if;,-g =0,75.
1

Table 34 which shows the corresponding values of the
expansibility factor for a range of isentropic exponents,

8.2.1 Profile of high-ratio nozzle

8.2.1.1 The inner face can be characterized by :
— aconvergent section A;
— ‘acylindrical throat B;
— and a plain end C.

TABLE 8 — Upper limits of relative roughness for ISA 1932 nozzles

i} <035 | 0,36 0,38 0,40 042 0,44

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

104k/D| 25 18,6 13,5 10,6 8,7 75

6,7 6,1 . 56 4,5 4,0 3.9 3,9
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8.2.1.2 The convergent section A has the shape of a
quarter ellipse.

The centre of the ellipse is D/2 for the axial centre-line.

The major centre-line of the ellipse is parallel to the axial
centre-line. The value of half the major centre-line is D/2.
The value of half the minor is {D —d)/2.

The profile of the convergent section shall be checked by
means of a template. Two diameters of the convergent
section in the same plane perpendicular to the centre-line
shall not-differ-ene—from—theotherby-moretharn %6
their melan value.

8.2.1.3 | The throat B has a diameter d and a length 0,6 d.

The valye d of the diameter of the throat shall be taken as
the mean of the measurements of at least four diameters
distribuied in axial planes and at approximately even angles
to each pther. :

The throat shall be cylindrical. Any diameter of any cross-
section ghall not differ by more than 0,05 % from the value
of the mean diameter. Measurement at a sufficient number
of crossgsections shall be made to determine that in no
circumsfances is the throat divergent in the direction of
flow; il may be slightly convergent within the stated
uncertaipty. The section nearest the outlet is particularly
important in this respect. This requirement is considered
as satistd when the deviations in the length of any of the
measurefl diameters comply with the said requirement .in
respect ¢f its deviation from the mean,

Attentign is called to the fact that it is possible 16 check
circularity of the throat within the accuracy. required
without measuring the diameter of the throat itself.

8.2.1.4 [The distance between the (pipe wall and the
outside [face of the throat shall bé greater than or equal
to 3 mm|.

8.2.1.6 |The thickness H shall' be greater than or equal to
3 mm and less than or equal to 0,15 D. The thickness F of
the throgt shall be betwéen 3 and 13 mm.

8.2.1.64 The surface of the inner face shall have a
roughmegs critecion R, < 10~% d.

8.2.1.7
specified but shall comply with 8.2.1.4 and 8.2.1.5 and the
last sentence before 8.2.1.

8.2.2 Shape of low-ratio nozzle

8.2.2.1 The requirements given in 8.2.1 for the high-ratio
nozzle apply to the low-ratio nozzle with the exception of
the shape of the ellipse itself, which is given in 8.2.2.2
below,

8.2.2.2 The convergent inlet A has the shape of a quarter
ellipse. The centre of the ellipse is at a distance
df2+2d/3=7d/6 from the axial centre-line. The major

1SO 5167-1980 (E)

centre-line of the ellipse is parallel to the axial centre-line,
The value of half the major centre-line is d. The value of
half the minor centre-line is 2d/3.

8.2.3 Material and manufacture

The equivalent requirements given in 7.1.9.1 and 7.1.9.2
apply, to the manufacture of long-radius nozzles.

8.24.1 The pressure tappings shall” comply with the
description in 7.2.1 and 7.2.2.

8.2.4.2 The position of the\upstream tapping shall be at
10t g'f D, from the inlet face of the nozzle.

The centre-line of the downstream tapping shall be at
0,50 D £ 0,01 D drom the inlet face of the nozzle with the
exception that it shall not in any e¢ase be further
downstream:than the nozzle outlet.

8.2.4.:3) The upstream and downstream pressure tappings
break through the inside wall of the pipe.

8.2.5 Coefficients of long-radius nozzles

8.25.1 LimMiTs OF USE

The long radius nozzles shall only be used in accordance
with this International Standard when :

50 mm < D <630 mm
02<8<08

104 < Rep <107

k/D<10x 1074 (see 8.1.6.2 and 7.3.1)

8.25.2 DISCHARGE COEFFICIENT

- The discharge coefficients are the same fpr both types of

the long-radius nozzles when the tappings gre in accordance
with 8.2.4,

The discharge coefficient C is given by the following
formula, when referring to the upstream pipe Rep, :

108 ] 9°
C=0,996 5-0,006 53 8%¢ | ——
ReD

When referring to Reynolds number at the throat Rey, it
becomes
05
108
C=0,996 5-0,006 53 | —
: Re,

and, in this case, C is independent of the ratio f.
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Tables 32 and 33, which show the corresponding values of
C or a as a function of §, Rep, and Re are given for conve-
nience. They are not intended for precise interpolation;
extrapolation is not permitted.

8.2.5.3 EXPANSIBILITY (EXPANSION) FACTOR €

The indications given in clause 8.1.6.3 also apply to the
expansibility factor for long radius nozzles, but within
the limits of use of clause 8.2.5.1.

These classical venturi tubes may be used in pipes in the
range of diameters between 100 mm and 800 . mm and in
the range of diameter ratlos B between 0,3 and 0,75
inclusive, }

9.1.1.2 CLASSICAL VENTU|RI TUBE WITH A
MACHINED CONVERGENT |

This is defined as a classical venturi tube cast or fabricated

‘as above but in which the copvergent part is machined, as

are the throat and entrance cylinder. The junctions between

the-cylinders-and-cones-may-or-may-not-berounded.

8.2.6 Uncertainties

8.26.1 UNJERTAINTY OF DISCHARGE
COEFFICIENT C

When § and
the percentag
all values of 8

8.2.6.2 UNdg
(EXPANSION

The relative u|

Re, are assumed to be known without error,
e uncertainty of the value of C is +2,0.% for
between 0,2 and 0,8.

ERTAINTY OF EXPANSIBILITY
) FACTOR €

hcertainty on € is equal to 2 Ap/p, % .

827 Pressu]e loss Aw
o

Clause 7.4 al
nozzles.

9 VENTURI

There are two

applies to the pressure loss of long radius

TUBES

different types of venturi tubes :

— classica] venturi tube,

- venturi

They are desc

9.1 Classical

9.1.1 Field o

The range of
in this Interr
are manufacty

nozzle.

Fibed in 9.1. and 9.2.

venturi tubes

f application

use of thie tlassical venturi tubes dealt with
ational “Standard depends on the way they
red:

Three types o

f standard classical venturi tubes are identified

These classical venturi tubes may be usedCin-flipes in the
range of diameters between 50 mm and-250 fm and in
the range of diameter ratlrbs 8 between 04 and 0,75
inclusive.

9.1.1.3 CLASSICAL VENTURI TUBE WITH |A ROUGH
WELDED SHEET-IRON CONVERGENT

This classical venturi~tube is normally fabfricated by
welding. For the larger sizes it is not machined {n any way,
but in the smallef sizes, has th;e throat machined

These classical_venturi tubes‘may be used in gdipes in the
range of diameters between 200 mm and 1 200|mm and in
the range of-diameter ratios 3/ between 0,4 and 0|7 inclusive.

9.1.2 Geometric profile

Figure 7, page 27, shows a section passing tfirough the
centre-line of the throat of a classical venturi| tube. The
letters are for reference purposes.

cylinder (A) connected to a conical convergent (B), a
cylindrical throat (C) and a conical divergent (E). The
internal surface of the device is a surface of|revolution
and concentric with the pipe centre-line. The [convergent
and the cylindrical throat are considered as coaxjal by mere
visual inspection, ‘

The classical venturi tube iis made up of aE entrance

9.1.2.1 The entrance cylinder (A) shall have a fliameter D
which shall not differ from the pipe mSIde djameter by
more than 0,01 D.

The minimum cylinder Iength, measured front the plane
containing the intersection of cone frustum| (B) with
cylinder (A), may vary as a result of the mafufacturing

by the method of manufacturing the internal surface of the
entrance cone and the profile at the-intersection of the
entrance cone and the throat. These three methods of
manufacture are described in 9.1.1.1 to 9.1.1.3 and have
somewhat different characteristics.

9.1.1.1 CLASSICAL VENTURI TUBE WITH A ROUGH
CAST CONVERGENT

This is a classical venturi tube made by casting in a sand
mould or by other methods which leave a finish on the
surface of the convergent part similar to that of the sand
casting. The throat is machined and the junctions between
the cylinders and cones are rounded.

26

process (see 9.1.2.7, 9.1.2.8, 9.1.29). It is however
recommended that it shall be equal to D.

The entrance cylinder doameter D shall be measured in the
plane of the upstream pressure tappings. The number of
measurements shall at least be equal to that of the pressure
tappings (with a minimum of four).

The diameters shall be measured near each pair of pressure
tappings, and also between these pairs. The mean value of
all these measurements 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 tappian.

i
|
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Conical divergent E

Flow direction

Cylindrical throat C

A2

Connecting plang:

3

Conical convergent B

See 9/1.4.7 -

e

Entrance cylinder A

FIGURE 7 — Geometric profile of the classical venturi tube
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No diameter along the entrance cylinder shall differ by
more than 0,4 % from the value of the mean diameter.
This requirement is satisfied when the difference in the
length of any of the measured diameters complies with the
said requirement in respect of the mean of the measured
diameters.

Attention is called to the fact that it is possible to check
the circularity of the cylindrical portion and the pipe bore
within the accuracy required without measuring the mean
diameter of the cylindrical portion and the pipe bore

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 differenée in the length of any of the
measured diameters complies with the said requirement in
respect of the mean of the measured diameters.

Attention is called to the fact that it is possible to check
the circularity of the throat bore within the accuracy
required without measuring the mean diameter of the

1L

themselves.

9.1.2.2 The ponvergent section (B) shall be conical and
shall have an|included angle of 21 * 1° for any type of
classical venituri tube. [t is limited upstream by the plane
containing the intersection of the cone frustum (B) with
the entrance cylinder {A) (or their prolongations) and down-
stream by the|plane containing the intersection of the cone
frustum (B) with the throat {C) {or their prolongations).

The overall lepgth of the convergent (B) measured parallel
to the axis of revolution of the venturi tube is therefore
approximately equal to 2,7 (D —d).

The convergept section (B) is blended to the entrance
cylinder (A) by a curvature of radius R, the value of which
depends on thg type of classical venturi tube.

The profile of the convergent section shall be checked by
means of a tgmplate. The deviation between the template
and the conical section of the convergent shall not exceed,
in any place, 4,4 % of D.

The internal syrface of the conical section of the convergent
is taken as being a surface of revolution when two diameters
situated in the same plane perpendicular to the -axis of

revolution do|not differ from the value of mean diameter

by more than D,4 %.

It shall be checked in the same way) that the joining
curvature withl a radius R, is a surface’of revolution,

9.1.2.3 The throat (C) shall_becylindrical with a diameter
d. It is limited upstream by the plane containing the inter-
section of th¢ cone frustum (B) with the throat (C) (or
their prolongations)and downstream by the plane contain-
ing the intersection, of the throat (C) with the cone frustum
(E) (or their prafongations). The length of the throat (C),

l.:ll i .
The classical venturi tube shall be machined| or be of

equivalent smoothness over t‘he whole of-its length to the
roughness level given in 9.1.2.6.

It shall be checked that thé joining’ curvatures into the
throat with radii R, and Rj arésurfaces of reyolution as
described in 9.1.2.2. This requirement is satisfied when two
diameters, situated in the same plane perpendicplar to the
axis of revolution, do nét differ from the value of the mean
diameter by more than'0,1 %.

The values of the radii of curvature R, and A, shall be
checked by means of a templ:?te.

The deviation between the template and the classical
venturi tube shall evolve in a regular way for each curvature
so that“the single maximum deviation that is measured
occlrs at approximately mid-way along the template profile,
The value of this maximum deviation shall ot exceed
0,02 4.

9.2.1.4 The divergent section {E) shall be conigal and can
have an included angle lying ibetween 7 and 15°%} it is how-
ever recommended that an angle between 7 iind 8° be
chosen. Its smallest diameter shall not be les§ than the
throat diameter. :

the outlet diameter of the divergent is less| than the
diameter D and “not truncated” when the outlgt diameter
is equal to diameter D. The divergent portign can be
truncated down by about 35 % of its length withput greatly
modifying the pressure loss id the device.

9.1.2.5 A classical venturi tube is catled “trunc]xed" when
S

9.1.26 The roughness criterion R, of the throgt and that
of the adjacent curvature shall be less than 1D7% d (see
5.1.2). The divergent is roughcast. Its internal syrface shall
rts-of the

i.e. the distance between those two planes, shall be equal to
d whatever the type of the classical venturi tube.

The throat (C) is connected to the convergent (B) by a
curvature of radius R, and to the divergent (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 number of
measurements shall at least be equal to that of the pressure
tappings (with a minimum of four). The diameters shall be
measured near each pair of pressure tappings and also
between these pairs. The mean value of ail these measure-
ments shall be taken as the value of d in the calculations.

28

classical venturi tube depends on the type considered.

9.1.2.7 CHARACTERISTICS OF THE PROFILE OF THE
CLASSICAL VENTURI TUBE WITH A ROUGH-CAST
CONVERGENT :

" The minimum length of the fentrance cylinder (A} shall be

equal to the smaller of the two quantities: 1 D and
0,25 D + 250 mm (see 9.1.2.1).

Its internal surface may be! left rough-cast provided it is
smooth, free from cracks, fissures, depressions, irregularities
and impurities (with a roughness criterion A, less than
104 D), i.e. of the same surface finish as the convergent
section B.

I

i
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The radius of curvature R, shall be equal to 1,376D
(+ 20 %).

The internal surface of the convergent B can be sand-cast
and rough-cast. It shall be smooth, free from cracks, fissures,
depression, irregularities and impurities.

The roughness criterion R, for this surface shall be less than
1074 D.

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

d/3. In addition, the length of the cylindrical
part lyigg between the end of the joining curvature R, and
the plarle of the pressure tappings as well as the length of
the cylindrical part between the plane of the throat pressure
tappingy and the beginning of the joining curvature R, shall
be not|less than d/6 (see also 9.1.2.3 for the throat
length).

The rad|us of curvature R, shall lie between 5 and 15 d. its
value shpll increase as the divergent angle decreases. A value
close to[10 d is recommended.

9.1.2.8 [CHARACTERISTICS OF THE PROFILE OF THE
CLASSIEAL VENTURI TUBE WITH A MACHINED
CONVERGENT

The mingmum length of cylinder (A) shall be equal to D.

The radjus of curvature R, shall be less than 0,25 D and
preferably equal to zero.

The radjus of curvature R, shall be less than 0,25 dvand

_preferably equal to zero.

The length of the throat cylindrical part lying.between the
end - of |[the curvature R, and the pilane of the throat
pressure|tappings shall be not less than 0,25 d.

The fength of the throat cylindrical\part lying between the
end of |the curvature R; and(the plane of the throat
pressure|tappings shall be not.des$ than 0,3 d.

The radjus of curvature Ry-shall be less than 0,25d and
preferably equal to zerd;

The entfance cylinder and the convergent section shall have
a surfacg finish equal to that of the throat (see 9.1.2.6).

9.1.29 |CHARACTERISTICS OF THE PROFILE OF THE
CLASSIC
SHEET-IRON CONVERGENT

The minimum length of entrance cylinder (A) shail be
equal to D.

There shall be no joining curvature between entrance
cylinder {A) and convergent section (B) other than that
resulting from the welding.

There shall be no joining ‘curvature between convergent
section (B) and throat (C) other than that resulting from
the welding. '

There shall be no joining curvature between the throat and
the divergent section.

1SO 5167-1980 (E)

The internal surface of the entrance cylinder (A) and the
convergent section (B) shall be clean and free from
encrustation and welding deposits. [t may be galvanized. Its
roughness criterion R shall be about 5 x 1074 D.

The internal welded seams shall be flush with. the
surrounding surfaces and shall not be in the vicinity of any
pressure tapping.

9.1.3 Material and manufacture

Sy e g classicalve gTay bejmanufactured of
any material, provided it is in accordance With the foregoing
description and will remain so duringuse.

9.1.3.2 It is also recommendéd. that the convergent section
(B) and the throat (C),be. joined as|one part. It is
recommended that in the case of a classjcal venturi tube
with a machined convergent, the throat ard the convergent
shall be manufactured from one piece| of material. If
however they are-made in two separate paris they shall be
assembled before the internal surface is finally machined.

9.1.3.3. Particular care shall be given to the centring of the
divergent section (E) on the throat. Thus [there shall be no
step ih diameters between the two parts.

This can be established by touch before th¢ classical venturi
tube is installed, but after the divergent gection has been
assembled with the throat section.

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

9.1.4  Pressure tappings

9.1.4.1 The upstream and throat pressure|tappings shall be
made in the form of separate pipe wall pressure tappings
interconnected by annular chambers.

9.1.4.2 The diameter of these tappings shall lie between
4 mm and 10 mm and moreover shall nevdr be greater than
0,1 D for the upstream tappings and 0,13|d for the throat
pressure tappings. '

It is recommended that pressure tappings as small as

compatible with the fluid shall be used {for example, its

}
10

9.1.4.3 At least four pressure tappings shall be provided
for the upstream and throat pressure measurements. The
centre-lines of the pressure tappings shall form equal angles
with each other and shall be contained in a plane
perpendicular to the centre-line of the classical venturi tube,

9.1.4.4 At the point of break-through, the hole of the
pressure tapping shall be circular. The edges shalt be flush
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.
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9.1.4.5 The pressure tappings shall be cylindrical over a
length at least 2,5 times the diameter of the tapping,
measured from the inner wall of the pipe-line.

9.1.4.6 Conformity of the pressure tappings with the two
foregoing requirements can be assessed by mere wsual
inspection.

9.14.7 The spacmg of a pressure tapping is the distance,
measured o f
classical venpturi tube, between the centre-line of the
pressure tapping and the reference planes defined below.

For the clasgical venturi tube with-a rough-cast convergent,
the spacingl between the upstream pressure tappings
situated on the entrance cylinder and the intersection plane
between thq prolongation of convergent section (B) and
entrance cyl{nder (A) shall be :

0,5 D + 0|25 D for D between 100 mm and 150 mm,
and

05 D _ 8 2 D for D between 150 mm and 800 mm.

outside the limits defined for leach type of classical venturi
tube {see however for guidance annex B).

9.1.5.2 DISCHARGE COEFFICIENT OF THE
CLASSICAL VENTURI TUBE WITH A ROUGH-CAST
CONVERGENT

Classical venturi tubes with a rough-cast convergent can
only be used in accordance with this International Standard
when :

<

0 mm
03<p <075
2 %105 < Re, <2 x 10°

Under these conditions the vélue ofthe discharde coefficient
Cis:

C=0,984
9.15.3 DiSCHARGE-COEFFICIENT OF THH

CLASSICAL VENTURI TUB[E WITH A MACH|INED
CONVERGENT

Classical, venturi tubes wnth a machined convergent can

only be used in accordance wuth this Internatio

hal Standard

For the clas
and for that|

lical venturi tubes with a machined convergent
with a rough welded sheet-iron convergent, the

spacing between the upstream pressure tappings and the

intersection
(B} (or their

0500

For all type
the throat
convergent s
shall be :

05dx0

9.14.8 The
chamber of
than half th
the chamber]

plane of entrance cylinder (A) and convergent
prolongations) shall be :

05D

of classical venturi tube, the spacing between
ressure tappings and the intersection\plane of
ection (B) and throat (C) {or their prolongations)

02 d

area of the free-cross-section of the annular
the pressure tappings shall be equal to or more
e total area-of the:-tapping holes connecting
to the pipe. )’

It is recomnjended however that the chamber section given

above shall

be-doubled when the classical venturi tube is

used with

minimum upstream straight length from a

when-~
B0mm<D <250 mm
04<B <0,75
2x10° < Rep < 1x10°)

Under these conditions the vélue of the discharge coefficient
Cis:

C =099

9.1.5.4 DiISCHARGE COEEFICIENT OF THE
CLASSICAL VENTURI TUBE WITH A ROUGH WELDED
SHEET-IRON CONVERGENT

Classical venturi tubes wiih a rough weldefd sheet-iron
convergent can only be used in accordance with this inter-
national Standard when :

04<8 0,7

fitting causing non-symmetrical flows.

9.1.5 Discharge coefficient C

9.158.1 LiMITS OF USE

Whatever may be the type of the classical venturi tube,
a simultaneous use of extreme values for D, § and Rep
must be avoided as otherwise the uncertainties given in
9.1.7 are likely to be increased.

The effects of'ReD, k/D and § or C are not yet sufficiently
known for it to be possible to give reliable values of C

30

<
2><105<ﬁre,,<2x106

Under these conditions the value of the discharge coefficient
Cis: |

C=0985

9.1.6 Expansibility (expansion) factor €

The indications given in 8.f1.6.3 also apply to the expansi-
bility factor for the different types of classical venturi
tubes, but within -the limjts of use of clauses 9.1.5.2 or
9.1.5.30r9.1.5.4. |
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9.1.7 Uncertainty of the discharge coefficient C
9.1.7.1 CLASSICAL VENTURI TUBE WITH A ROUGH-
CAST CONVERGENT

The percentage uncertainty of the discharge coefficient as
given in 9.1.5.2 is equal t0 0,7 %1). :

9.1.7.2 CLASSICAL VENTURI TUBE WITH A
MACHINED CONVERGENT

180 5167-1980 (E)

If Ap' is the difference in pressure, measured prior to the
installation of the venturi tube, between two pressure
tappings one of which is situated at least 1 D upstream of
the flanges where the venturi tube shall be inserted and the
other is 6 D downstream of the same flanges, and if Ap" is
the - difference in pressure measure between the same
pressure tappings after installation of the venturi tube
between these flanges, then the pressure loss caused by the

venturi tube is given by Ap’' — Ap'.

9.1.9.2 VALUE OF THE PRESSURE LOSS

The perxientage uncertainty of the discharge coefficient as
given in 9.1.5.3 isequal to 1 %1,

9.1.7.3
WELDE(

CLASSICAL VENTURHI TUBE WITH A ROUGH
SHEET-IRON CONVERGENT

The perdentage uncertainty of the discharge coefficient as
given in 9.1.5.4 is equal t0 1,5 %1).

9.1.8 Uncertainty of the expansibility (expansion) factor e
Ap

The percgntage uncertainty of ¢ is equal to (44100 68)7%.
o

9.1.9 Pressure loss

9.19.1
figure 8)

DEFINITION OF THE PRESSURE LOSS (see

The presgure loss caused by the venturi tube may.be deter-
mined by| pressure measurement made prior and subsequent
to the installation of the venturi tube in_a‘pipe through
which thgre is a given flow.

The value £ =
differential pressure Ap depends in particuls
. Ap” _Apl
— the diameter ratio S wal ¢
< Ap

For guidance, the percentage value of the

"o '

increases> ;

— the Reynolds number <§§=
when Reg increases ) ;

— the manufacturing characteristics of
angleyof the divergent, manufacturing of

Ap" 1 Ap
A

of the presstire I(Jss related to the

ron:

ecreases when f3

!

i—— decreases
D

the venturi tube
the convergent,

surface finish of the different parts, dtc. (£ increases

when ¢ and k/D increases);

— the installation conditions (good- al
ness of the upstream conduit, etc).

ignment, rough-

bressure loss can

be accepted as being generally between 5 and 20 %.

Annex C gives, for guidance only, some inf
effect of these different factors on the val

brmation on the
Lies the pressure

loss £ is likely to have for classical venturi tybes.

>6D

L ] ‘

— Pressure loss

—_—

el

Flow direction
—————-—-——-—-?——-—

FIGURE 8 — Pressure loss across classical venturi tube

1) 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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9.2 - Venturi nozzles

9.2.1 Geometric profile

The profile of the venturi nozzle (see figure 9) is axisym-
metric. Its consists of a convergent portion, with a rounded
profile, a cylindrical throat and a divergent.

9.2.1.1 The upstream face is identical with an ISA 1932
nozzle as defined in figure 5.

The descripti

equally to ventyri nozzles.

length 0,3d which is the same as for ISA 1932 nozzles

9.2.1.2 The :cjroat (see figure 9) consists of a part (E) of
(figure 5) and g part (E') of a length 0,4 d t0 0,45 d.

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

The throat shall be cylindrical. Any diameter of any cross-
section shall nqt differ by more than 0,05 % from the value
of the mean diameter. This requirement is considered as
satisfied when [the deviations in the length of any of the
measured diameters comply with the said requirement in
respect of devigtion from the mean.

Attention is cdiled to the fact that it is possible to check
circularity of [the throat within the accuracy required
without measuting the mean diameter of the throat itself.

9.2.1.3 The ;fivergent section (see figure 9) shall\be
connected with part (E') of the throat without a rounded
part, but any blrrs shall be removed.

The included pngle of the divergent section; ¢, shall be
<30°.

The length L |of the divergent section has practically no
influence on tte flow coefficient.a.) The included angle of
the divergent spction, and hencethe length, does influence,
however, the pfessure loss.

9.2.1.4 The vbnturi_nozzle may be truncated in the same
way as the clasrcal venturi tube (see 9.1.2.5).

9.2.3 Pressure tappings |

|
9.2.3.1 ANGULAR POSlTqu OF PRESSURE
TAPPINGS ’ |

The centre-lines of the pressure tappings may be located
in any axial sector of the pipe. Attention is drawn to 7.2.1.

9.2.3.2 UPSTREAM PRESSURE TAPPINGS

The upstream pressure tappings shall be corner tappings
identical wi 05 . efined in
this International Standard in 7.2.4 (see also-figures @ and
10.)

9233 THROAT PRESSURE TAPRINGS

Throat pressure tappings sha]l bé_single pressurg tappings
leading into an annular ?hamber. Annular | slots or
interrupted slots shall not beysed.

There shall be at least four single pressure tapp|ngs; their
centre-lines shall make equal bngles one to anothpr, and lie
in the plane perpendicular to| the centre-line of the venturi
nozzle, which.is the imaginary border between thg parts (E)
and (E'} of the cylindrical throat.

The tappings shall always be large enough to ensure that
clogging'by dirt plugs or gas bubbles is prevented.

The diameter 6 of the sing%le tappings in the [throat of
venturi nozzles shall be less than or equal to 0,04 d and
moreover be between 2 and 1 0 mm.

9.2.4 Coefficients

9.24.1 LIMITS OF USE

~ Venturi nozzles shall only be used in accordance| with this

International Standard when :

65mm <D < 500 mm
d > 50mm

0316 < < 0,775
1,6 x 105 <Rep < 2><1(Jf‘5

9242 Fiow COEFEICIENT AND DISCHARGE

9.2.1.5 The internal surfaces of the venturi nozzles shall
have a roughness criterion R < 10™% d (see 5.1.2).

9.2.2 Material and manufacture

9.2.2.1 The venturi nozzle may be manufactured of any
material provided it is in accordance with the foregoing
description in 9.2.1 and will remain so during use. In
particular, the venturi nozzle shall be clean when the
measurements are made.

9.2.2.2 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. :

32

COEFFICIENT
The discharge coefficient C is given by the formula :
€ =0,9858-0,196 §45

Table 35 which shows the corresponding values of C and «
as a function of B, is given for convenience. It is not
intended for precise interpolation; extrapolation is not
permitted. ‘

NOTE — Within the above Iimiﬁ of 9.24.1, C is independent of
Reynolds number and of the diameter.

Most of the experiments on%which the above values of C
are based were carried out in-pipes with a relative roughness
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k/D < 3,8 x 10~%. Pipes with higher relative roughness may
be used if the roughness of at least 10 D upstream of the
primary device is within the limits of table 9 (see 7.3.1
for estimation of /D).

9.24.3 EXPANSIBILITY (EXPANSION) FACTOR €

The indications given in 8.1.6.3 also apply to the expansi-
bility factor for venturi nozzles, but within the limits of
use of 9.2.4.1. :

- 9.25 Uncertainties

I1SO 5167-1980 (E)

value of a, within the limits of the Reynolds numbers
shown in 9.2.4.1, is given by the formula :

CE(1,2+1584 %

9.25.2 UNCERTAINTY OF EXPANSIBILITY
(EXPANSION) FACTOR €

Ap
The percentage uncertainty of ¢ is equal to (4+10038) ;—.%.

1

9.25.1 |UNCERTAINTIES OF FLOW COEFFICIENT &

Within the limits of 9.2.4.1, and when § is assumed to be
known without error, the percentage uncertainty of the

9.2.6 Pressure loss

The indications given in 9.1.9 also apply tg venturi nozzles
when the divergent angle is not-greater than 15°.

oD
a) truncated divergent section’ 6D b} not truncated divergent section
2 2
———y )
; c
d
¢ g
- _'o/2
o —
¢/2 c
T nE
~ E b \
N 3
2
u—a. a) with annular slot @
~
Q
% k=2
of® - a
- >28 w 8
<] = AE) ’ Q 1 L)
© o M ~‘+ s a < - ©
° H (E) ;
m e
3y @ N\ -
E =(B) QZ b) with individual i
<s$® . r corner tappings /
< »
2‘ > (A)
¢.D Flow|direction
e
$15d /
- ¢15d j
oD
et e—————
L
FIGURE 9 — Venturi nozzle FIGURE 10 — Carrier ring
TABLE 9 — Upper limits of relative roughness for venturi nozzles
8 <0,35 0,36 0,38 0,40 0,42 0,44 0,46 0,48 0,50 0,60 0,70 0,775
10%k/D 25 18.6 13,5 10,6 8,7 7.5 6,7 6,1 5,6 4,5 4,0 3.9
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10 UNCERT
FLOW-RATE

AINTIES ON THE MEASUREMENT OF

Reference shall be made to ISO 5168, Calculation of the
uncertainty of a measurement of flow-rate, which gives

useful general

information on this subject.

10.1 Definition of uncertainty

10.1.1
uncertainty is
true value of

For the purpose of this International Standard the

defined as a range of values within which the
the measurement is estimated to lie at the

Fav)

|
10.2 Practical computation of the uncertainty

\
10.2.1 The basic formula of computation of the mass rate
of flowq,, is : :

m {
m =aezd2 V2hp xp,

In fact, the various quantitie§ which appear on the right-
hand side of this formula are}not independent, so that it is

not correct to compute the un}certainty of q,,, directly from
" L o

95 % probabil

In some cases
to this range
will be so on
calculation off
excess of 95
1ISO 5168.

rate shall be

Ty

, the confidence level which can be attached
of values will be greater than 95 %, but this
y where the value of a quantity used in the
flow-rate is known with a confidence level in
b: in such a case, reference shall be made to

lculated and given under this name whenever

10.1.2 The %ncertainty on the measurement of the flow-

a measureme
International

t is claimed to be in conformity with this
Standard.

10.1.3 The Tncertainty can be expressed in absolute or
3

relative term
then be given

rate of f

or rate of f

or rate of f
where the un

as g whilee =

10.14 The

defined is eq
statistical tern
combining ' th
quantities wh
rate, assuming

and the result of the flow measurement can
n any one of the following forms :

ow = g + 8q

ow=gq{1te)

ow = q within (100 &) %

rertainty 8q shall have the same dimensions

(_S;q and is non-dimensional.

uncertainty of the flow, measurement so
livalent to twice the standard deviation of
hinology. Like the-latter, it is obtained by.
e partial uncertainties’ on the individual

ch are used in)the calculation of the flow-
then to be small, numerous and independent

of each other.
for coefficien
may in realit
only an esti

known) their

Althoughfor one single measuring device and
used.in.one test, some of these uncertainties
besthe result of systematic errors (of which
tion of their maximum absolute amount is

For example, « is a function of d, D, k, w39}

€isa functioh ofd, D, Ap;p,. &

purposes, to assume that the uncertainties of ¢, |Ap, and p,
are independent of each othér'and are also indgpendent of
the uncertainties of a and.&:

10.2.1.1 However, it is sdfficient, for mo]:wpractical

10.2.1.2 A practical working formula for 8g,) may then
be derived, which-takes acco¢nt of the interdegendence of
«, d and D which/enters int;o the calculation ps a conse-
quence -of the dependence of a on . it shall be noted
that & mayDalso be dependent on the pipe diameter D,
as well cas on the Reynoldsj number Rep. Hqwever, the
deviations of a due to these influences are df a second
order and are included in the pncertainty onq,

|
Similarly, the deviations of € which are due to ufcertainties
in the value of §, the presi;ure ratio and the isentropic
exponent are also of a second order and are included in
the uncertainty on e, !

10.2.1.3 The uncertainties ;which shall be ing¢luded in a
practical working formula for 5qm are therefore those of
the quantities o, €, d, D, Ap and p,.

10.2.2 The practical workinig formula for the uUncertainty,
6q,,, of the mass rate of flovJ‘ is as follows :

<8a>2 <ae>3 <54>2<ao 2
= |—] +[—]) +a]—) | —| +
9m o € o D

random errors having a distribution conforming to the

Laplace-Gauss

normal law.

10.1.6 For convenience a distinction is made between the
uncertainties linked to measurements made by the user and
those linked to quantities specified in this International
Standard. The latter uncertainties are on the fiow coeffi-
cient and the expansibility factor and indicate the amount
of the variation which the user has to tolerate since he has
no control over their size. They occur because small
variations in geometry are allowed and because the
investigations on which the values have been based could
not be made in “ideal’’ conditions. "
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In the formula above some bf the uncertainties, like those
on the flow and expansibiliﬂy coefficients, are given in this
{nternational Standard (see10.2.2.1 and 10.2.2.2) while
others have to be determined by the user (see 10.2.2.3 and
10.2.2.4). f

| da 5
10.2.2.1 in the formula abpve, the values of—; or ofz‘q

b€ 5
and of—g- shall be taken frorr% the appropriate clauses of this

International Standard.
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10.2.2.2 When the straight lengths are such that an
additional uncertainty of * 0,5 % is to be considered, this
additional uncertainty shall be added according to 6.2.4
and not quadratically with the other uncertainties in the
formula given in 10.2.2. Other additional uncertainties
(6.5.1.3 and 6.5.3.3) must be added in the same way.

10.2.2.3 In the formula above the maximum values of
SD/D and of 8d/d, which can be derived from the specifi-
cations given in section 6, and in 7.1.7, 8.1.2.5, 8.2.1.3,

I1SO 5167-1980 (E)

9.1.2.3 and 9.2.1.2, can be adopted or alternatively the
smaller actual values can be computed by the user. (The
maximum values for 6D/D may be taken as + 0,4 % while
the maximum value. for 8d/d may be taken as = 0,07 %).

10.2.2.4 The values of 6Ap/Ap and 8p,/p, shall be deter-
mined by the user because this International Standard does
not specify in detail the method of measurement of the
quantities Ap and p,.
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TABLES OF DISCHARGE AND FLOW COEFFICIENTS

ANNEX A

TABLE 10 — Orifice p,laie with corner tappings; discharge coefficient C

R
5 x103 104 2x10% | 3x10% | 5x10% | 7x10% 105 3x10° 108 107
8
0,23 06012 | 05997 | 05987 | 05983 | 05980 | 05979 | 05977 | 05975 | 05974 | p5973
0,24 06018 | 06000 | 05990 | 05986 | 05982 | 05981 | 05979 | 0,597 7 (~0:5975 | P,5975
0,26 06031 | 06009 | 05996 | 05991 | 05987 | 05985 | 05983 | 05980 | 05978 | p5978
0.28 06044 | 06019 | 06003 | 05997 | 05992 | 05989 | 05987 | 05983 | 05982 | P,598 1
0,30 0,6060 | 0,6029 | 06011 | 06004 | 05997 | 05994 | 05992 {06987 | 05983 | D598 4
0,32 06077 | 06040 | 06019 | 06011 | 06003 | 06000 | 059975 05991 | 05989 | p,5988
0,34 06095 | 06053 | 0,6028 | 06018 | 06010 | 06005 | 0,6002 | 05996 | 0,5993- | P,599 1
0,36 06115 | 06066 | 06037 | 06026 | 06016 | 06012 | 06008 | 06001 | 05997 | P,5995
0,38 06136 | 06081 | 06048 | 06035 | 0,6024 | 0,6018 |{06014 | 0,6005 | 0,6002 | P600O
0.40 06159 | 06096 | 06059 | 06044 | 0,6031 | 06025 | 06020 | 06011 | 06006 | P,6004
0,42 06184 | 06113 | 06070 | 0,6054 | 0,6039 | 06032 | 0,6026 | 06016 | 06011 | p,6008
0,44 06210 | 06130 | 06082 | 06064 | 06047 } 06039 | 06033 | 06021 | 06016 | p,6013
0,46 06238 | 06148 | 06095 | 06074 | 06056 06047 | 06040 | 06027 | 06021 | P,6017
0,48 P 06167 | 06108 | 06085 | 0,6064 | 06055 | 0,6047 | 06032 | 06025 | 06021
0,50 o 06187 | 06121 | 0,6096 /(06073 | 06062 | 06053 | 06037 | 0,6030 | [5,6026
0,52 0,6207 | 06135 | 0,6107.| 06082 | 06070 | 0,6060 | 06042 | 0,6034 | p,6029
0,54 wn 06228 | 06148 | 06117 [ 06000 | 06077 | 06066 | 06047 | 0,6037 | 6032
0,56 v 06249 | 06162 | 06128 | 06098 | 06084 | 06072 | 06050 | 06040 | p,6035
0,58 0,6270 | 06175% 06138 | 06105 | 06089 | 06077 | 06053 | 0,6042 | P,6036
0,60 06291 | 06187 | 06147 | 06111 | 06094 | 06080 | 06055 | 0,6043 | 0,603 6
0,62 06311 | 06198 | 06155 | 0,6116 | 06098 | 06083 | 06055 | 06042 | P6035
0,64 . 0,6330.| 06208 | 06161 | 06119 | 06099 | 06083 | 06053 | 0,6039 | 6031
0,65 06339 | 06212 | 06164 | 0,6120 | 06099 | 06082 | 06051 | 06037 | p,6028
0,66 06348 | 06216 | 061656 | 06120 | 06099 | 06081 | 06048 | 0,6033 | pP6025
0,67 06356 | 06219 | 06167 | 06120 | 06097 | 06079 | 06045 | 06029 | p6021
0,68 06363 | 06222 | 06167 | 06118 | 06095 | 06076 | 06041 | 0,6025 | p,6016
0,69 06370 | 06223 | 06167 | 06116 | 06092 | 06072 | 0,6036 | 06019 | p,6010
0,70 06376 | 06224 | 06165 | 06113 | 06088 | 06067 | 06030 | 06012 | P,6003
0,71 wen 0,6382 | 0,6224 | 06163 | 06109 | 06083 | 06061 | 06023 | 06004 | p5994
0,72 0,6386 | 06222 | 06160 | 06103 | 06076 | 06054 | 06014 | 05995 | 0,5985
0,73 0,6389 | 06220 | 06155 | 06097 | 06069 | 06046 | 06004 | 05985 | 0,5974
0,74 06391 | 06216 | 06149 | 06089 | 06060 | 06036 | 05993 | 0,69073 | 0,596 2
0,75 . 06392 | 06211 | 06141 | 06079 | 06049 | 0,6025 | 05980 | 059569 | 0,5048
0,76 . 06391 { 06204 | 06132 | 0,6068 | 06037 | 06012 | 05966 | 05944 | 05932
0,77 wwn 06389 | 06196 | 06121 | 06055 | 06023 | 05997 | 05949 | 05927 | 05915
0,78 - en 06185 | 06108 | 06039 | 06007 | 05980 | 05931 | 05008 | 05895
0,79 . wax 06173 | 06093 | 06022 | 05988 | 05960 | 05910 | 05886 | 05873
0,80 wrn . 06158 | 06076 | 06003 | 05968 | 05939 | 05887 | 05862 | 06849

NOTE — This table is given for convenience, It is not intended for precise interpolation.
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TABLE 11 — Orifice plate with corner tappings; flow coefficient o

Re
21 sx10 104 2x10% | 3x10% | 5x10% | 7x104 108 3x10% 108 107
ﬁ .
0,23 06021 | 06005 | 05995 | 05992 | 065989 | 05987 | 05986 | 05983 | 05982 | 0,598 2
op4 06028 | 06010 | 06000 | 05996 | 05992 | 05991 | 05989 | 05987 | 0,5985| [ 0,5985
0pe6 06044 |.06023 | 06010 | 06005 | 0,6001 | 05998 | 05997 | 05994 | 0,5992 | 0599 1
0ps 06063 | 06037 | 06022 | 06016 | 06010 | 06008 | 06006 | 06002 |"06000 | 05999
030 06084 | 06054 | 06035 | 06028 | 06022 | 0,6019 | 06016 | 06012 06010 | 06008
02 06109 | 06072 | 06051 | 06042 | 0,6035 | 06031 | 06028 | 06023 | 06021 | 06019
04 06136 | 06094 | 0,6068 | 06059 | 0,6050 | 06046 | 06043 {~0,6036 | 06033 | 06032
ojse 06167 | 06118 | 06089 | 06078 | 06067 | 06063 | 0,6059 70,6052 | 06048 | 06046
0,58 06201 | 06145 | 06112 | 06099 | 06087 | 06082 | 06077 | 06069 | 06065 | 06063 '
00 06240 | 06176 | 06138 | 06123 | 06110 | 06104 |(06098 | 06089 | 06085 | 06082
o2 06283 | 06210 | 06167 | 06150 | 0,6135 | 0,6128.(|)06122 | 06112 | 06107 | 06104
o4 06330 | 06248 | 06199 | 06181 | 06164 | 06156 | 06149 | 06137 | 06132/ | 06128
046 06382 | 06290 | 06236 | 06215 | 06196 | 06187 | 06180 | 06166 | 06160/ | 06157
ops8 *rx 06338 | 06277 | 06253 | 06232 ;06222 | 06214 | 06199 | 06192/ | 06188
0,50 e 06390 | 06322 | 06296 | 06272 | 06261 | 06252 | 06235 | 06227 | 06223
062 - 06447 | 06372 | 06343 | 06317 | 06305 | 06294 | 06276 | 06267 | 06262
0, P 06511 | 06427 | 06395 |\'06367 | 06353 | 06342 | 0,6321 | 0,6312| | 06306
056 rx 06581 | 06489 | 06453~ 06422 | 06407 | 06394 | 06372 | 06361 | 063556
0,68 wrx 06658 | 06557 | 06518 | 0,6483 | 06466 | 06453 | 0,6428 | 06416[ | 06410
0,60 - 06743 | 06632 [~0,6589 | 06550 | 06532 | 06517 | 0,6490 | 06477/ | 06470
0,p2 e 0,683 6 0,671 4 06667 | 06625 0,660 5 0,6589 0,655 9 0,654 5 0,663 7
0, «x« | 06939 | 06805°| 06754 | 06708 | 06686 | 06668 | 066365 | 06620 06611
0,65 . 06994 | (06854 | 06800 | 06752 | 06729 | 06711 | 0,6676 | 0,6660|| 0,665 1
0,66 - 0,7052 | 06906 | 06849 | 06799 | 06775 | 06755 | 06719 | 0,6703|] 0,6693
0p7 xn 0,7113) | 06960 | 06901 | 06848 | 06823 | 06803 | 06765 | 06748|| 06738
0,p8 - 0;7177 | 0,7017 | 06955 | 0,6900 | 06874 | 06852 | 06813 | 0,6796(| 06785
0,69 - 07244 | 0,7077 | 0,7012 | 06955 | 06927 | 06905 | 0,6864 | 0,6845|| 06834
oo HN 07315 } 0,7140 | 07073 | 0,7012 | 06984 | 0,6960 | 06917 | 06897|| 06886
o.p1 . 0,7389 | 0,7206 | 0,7136 | 0,7073 | 0,7043 | 0,7018 | 06973 | 0,6952| | 0,694 1
0,2 Ve x 0,7468 | 0,7277 | 07203 | 0,7137 | 0,7106 | 0,7080 | 0,7033 | 0,701 1| | 0,699 9
0,3 *hw 0,751 |.0,7361 | 0,7274 | 0,7205 | 0,7172 | 0,7145 | 0,7096 | 0,707 3| | 0,706 0
0,p4 - 0,7638 | 0,7429 | 0,7349 | 0,7276 | 0,7242 | 0,7214 | 0,7162 | 0,7138|| 0,7125
0,75 - 0,773 1 07572 | 0,7428 | 0,7352 | 0,7316 | 0,7287 | 0,7233 | 0,7208 | 0,7194
0,76 P 0,7829 | 0,7600 | 07512 | 0,7433 | 0,7395 | 0,7364 | 0,7308 | 0,7282 | 0,726 7
0,77 *ax 0,7934 | 0,7694 | 0,7601 | 0,7519 | 0,7479 | 0,7447 | 0,7388 | 0,7360 | 0,7345
0,78 P PP 07793 | 07697 | 0,7610 | 0,7568 | 0,735 | 0,7473 | 0,7444 | 07428
0,79 P *en 0,7900 | 0,7798 | 0,7707 | 0,7664 | 0,7629 | 0,7564 | 0,7533 | 0,751 6
080 *rx PP 08014 | 07907 | 07812 | 0,7766 | 0,7729 | 0,7661 | 0,7629 | 0,761 2

NOTE - This table is given for convenience. It is not intended for precise interpolation.
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TABLE 12

Orificopl ith-D_and DJ2 inges disch Hiciont C

Re
o 5 x103 104 2x10% | 3x10% | 5x10% | 7x104 105 3x108 10° 107
B8
05907 | 05985 | 05979 | 05976 | 05974 | 05973 | 05972 | 05970 | 05969 | 0,5969
06006 | 05992 | 05984 | 05980 | 05977 | 05976 | 05975 | 05973 | 05972 | 05971
06017 | 06000 | 05989 | 05985 | 05981 | 05980 | 0,5978.°.0,5976 | 05974 | 05974
06030 | 06008 | 05995 | 05990 | 05986 | 05984 | 05982 | 05979 | 05977 | 05977
06043 | 06017 | 06002 | 05996 | 05991 | 05988 | 05986 | 05932 | 05981 | 05980
iwn 06028 | 06010 | 0,6003 | 05996 | 05993 05991 | 05986 | 05984 | 05983
wen 06039 | 06018 | 06010 | 0,6002 | 05999 | 05996 | 05990 | 05988 | 05987
wex 06052 (06027 | 06017 | 06009 | 066004 | 06001 | 05995 | 06992 | 05990
wex 06066 | 06037 | 06026 | 06016 | @6011 | 06007 | 06000 | 05997 | 05995
wxw 06080 | 06047 | 06035 | 0,6023%) 0,6018 | 06013 | 0,6005 | 06001 | 05999
. 06096 | 06069 | 06044 | 0,6031 | 06025 | 0,6020 | 0,6011 | 06006 | 0,6004
wer wan 06071 | 06054 | 06040 | 0,6033 | 06027 | 06017 | 0,6012 | 06009
wew - 06084 | 06065 (06049 | 06041 | 06035 | 06023 | 06017 | 06014
rx e 06098 | 06077 | 06059 | 0,6050 | 06043 { 0,6030 | 06023 | 06020
. ” wew 06112 (06089 | 06069 | 06059 | 06051 | 0,6036 | 06030 | 06026
- wex 06127 | 06102 | 06079 | 06068 | 06060 | 06043 | 06036 | 0,603 2
- s 06143 | 06115 | 06090 | 06078 | 06068 | 06051 | 06042 | 0,6038
. o 06159 | 0,6129 | 06101 | 06088 | 06077 | 0,6058 | 06049 | 06044
. axx 06176 | 06143 | 06113 | 06098 | 06087 | 060656 | 06055 | 06049
e x . 0,6157 | 06124 | 0,6108 | 06085 | 06072 | 06061 | 06055
. P e 06171 | 06135 | 06118 | 06104 | 06079 | 0,6067 | 0,6060
. en 06185 | 06146 | 06128 | 06112 | 06035 | 0,6072 | 06065
o s wex 06198 | 06156 | 06136 | 06120 | 06090 | 06076 | 0,6068
e wan e 06211 | 06166 | 06144 | 06127 | 06094 | 06079 | 0,607 1
e e . 06223 | 06175 | 06151 | 06132 | 06097 | 06081 | 06072
rex wax wxn 06182 | 06157 | 06136 | 06099 | 06081 | 06071
wxx . . . 06185 | 06159 | 06138 | 06099 | 0,6081 | 0,607 1
ek - " e 06187 | 06161 | 06139 | 06098 | 0,6080 | 0,6069
. xx xx ex 06190 | 06162 | 06139 | 06097 | 06078 | 06067
wan o . Krx 06191 | 06163 | 06139 | 06096 | 06076 | 06065
wnx wax wex - 06193 | 06163. | 06138 | 06094 | 0,6073 | 0,6062

NOTE — This table is given for convenience. It is not intended for precise interpolation,
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TABLE 13 — Orifice plate with D and D/2 tappings; flow coefficient

Rep
§x-to3 ro4 2 X103 X0 T 5 X104 T 7XT0% T0° IXT0° 10° 107
0,20 06001 | 05990 | 05984 | 05981 | 05979 | 05978 | 05977 | 05976 | 05974 | 05974
0,22 06013 [ 05999 | 05991 | 05987 | 05984 | 05983 | 05982 | 06980~ 05979 || 0,597 8
0,24 06027 | 06010 | 05999 | 05995 | 05991 | 05990 | 05988 | 0,598'6. 0,598 4 0,598 4
0,26 06043 ;| 06022 | 06009 | 06004 | 0,6000 | 05997 | 05996 | 05993 | 05991 |l 0,8990
0,28 06062 | 06036 | 06021 | 06015 | 06009 | 06007 | 06005 |-0,6001 | 05999 || 05998
0,30 «#« | 06062 06034 | 06027 | 06021 | 06018 | 06015 | 0,6011 | 0,6008 || 0,6007
0,32 e 06071 | 06060 | 06041 | 06034 | 06030 | 0,6027 | 06022 | 0,6020 || 0,6018
0,34 wan 06093 | 06068 | 06058 | 06049 | 0,6045 |-0,6042 | 06035 | 0,6033 || 0,603 1
0,36 - 06117 | 06088 | 06077 | 06067 | 06062<) 0,6058 | 06051 | 0,6048 || 0,604 6
0,38 wax 06145 | 06111 | 06098 | 0,6087 | 0,608 | 0,607.7 | 06069 | 0,6065 ||0,6063
0,40 x 06176 | 06138 | 06123 | 06110 | 0,6104 | 0,6099 | 06089 | 06085 || 0,6082
0,42 wn Caxs 06168 | 06151 | 06136.](0,6129 | 06123 | 06113 | 06108 || 06105
0,44 wxw wxe 06201 | 06182 | 06166, | 06158 | 06151 | 06139 | 0,6134 [|0,6130
046 wun - 06239 | 06218 | 06199 | 06190 | 0,6183 | 0,6169 | 0,6163 ||0.6159
048 o - 06281 | 06258 | 06237 | 0,6226 | 06218 | 06203 | 0,6196 ||0,6192
0,50 o - 06328 | 0,6302 | 0,6279 | 06267 | 0,6258 | 0,6242 | 06234 ||0,6230
0,52 rn . 06381 | 06352 | 06326 | 06313 | 0,6303 | 06285 | 0,6276 |(|0,627 1
0,54 Ew wex 06439 | 06407 | 06379 | 06365 | 0,6354 | 06333 | 0,6324 [|06318
0,56 *xx s 06504 |.06469 | 06437 | 06422 | 06410 | 06387 | 0,6377 {|0,6371
0,58 - *rw xwn 06538 | 06503 | 06486 | 06473 | 06448 | 06436 ||0,6430
0,60 - Ckew %ot 06614 | 06576 | 06558 | 065643 | 0,6515 | 0,6503 ||0,6496
0,62 *ex wxn () wnn 06700 | 06658 | 06638 | 06621 | 0,6591 | 0,6577 ||0,6569
0,64 *rx *r xx 06794 | 06748 | 06727 .| 06709 | 06676 | 0,6660 | |0,665 2
0,66 wn (@2 "ww 06900 | 06850 | 06826 | 0,6806 | 0,6770 | 06754 | |0,674 4
0,68 *x A x wnx 0,7019 | 06964 | 0,6937 | 06916 | 0,6877 | 0,6858 | |0,6848
0,70 wug . rix waw 0,7091 | 0,7063 | 0,7039 | 0,6996 | 0,6976 | |0,6965
0,71 A - o rw 07161 | 0,7131 | 0,7107 | 0,7062 | 0,704 1 | |0,7029
0,72 N, « . . o 0,7236 | 0,7204 | 0,7178 | 0,7131 | 0,7109 | [0,709 7
0,73 xw . o a 0,7315 | 0,7282 | 0,7255 | 0,7206 | 0,7183 | [0,7170
0,74 . rx exs e 07399 | 07366 | 07337 | 07285 | 07261 | lo,7248
0,75 . o o e 0,7490 | 0,7454 | 0,7424 | 0,7370 | 07345 | 0,7331

NOTE — This table is given for convenience. It is not intended for precise interpolation.
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TABLE 14 -~ Orifice plate with flange tappings: discharge coefficient C

. D = 50 mm
|
fep
5 x10% 10% 2x10% | 3x10% | 5x10% | 7x10% 105 3x10° 108 107
i
0,25 06023 | 06003 | 05992 | 05987 | 05083 | 05981 | 05080 | 059771 05976 || 05975
0,26 0,6029 | 06008 | 05095 | 05090 | 05986 | 05984 | 05982 | 05979 | 05977 || 056976
0,28 06043 | 06017 | 06002 | 05996 | 05990 | 05988 | 05986 |~05982 | 05980 || 05979
0,30 0,6028 | 0,6009 | 06002 | 05996 | 05993 | 05990 " 05986 | 05984 || 0,5983
0,32 nx 0,6039 | 06017 | 06009 | 06002 | 05998 | 06996 | 05990 | 05988 || 0,598 6
0,34 06051 | 06026 { 06017 | 06008 | 06004 (/06001 | 05994 | 05992 || 0,599 0
0,36 nn 06065 | 06038 | 0,6025 | 06015 | 0,6010%) 0,6006 | 05999 | 05996 | 0,5994
0,38 xn 0,6080 | 06047 | 06034 | 06022 | 06007 | 0,6013 | 06004 | 06001 || 05998
0,40 nn 06058 | 06043 | 06030 | 90,6024 | 06019 | 06010 | 0,6006 || 06003
0,42 06070 | 06054 | 0,6039:].0,6032 | 06026 | 06016 | 0,6011 | 06008
0,44 exn s 0,6083 | 06064 | 0,6048, | 06040 | 06034 | 06022 | 06016 || 06013
0,46 www wax 06096 | 06076 | 06057 | 06049 | 06041 | 06028 | 06022 || 0,6019
0,48 - 06111 | 06088 | 06067 | 06058 | 06050 | 06035 | 0,6028 || 06024
0,50 06126 | 06100 | 06078 | 06067 | 06058 | 06042 | 06034 | 0,6030
0,52 . . 06141 | 083 | 06088 | 06076 | 06067 | 0,6049 | 06041 | 06036
0,54 - ex 06157 |(06127 | 06099 | 06086 | 06075 | 06056 | 06047 |l 06042
0,56 e wan 06174 _1-06140 | 06110 | 06096 | 06084 | 06063 | 06063 | 0,604 7
0,58 w 06154 | 06121 | 06106 | 06083 | 06070 | 06059 | 06053
0,60 - Yux 0,6168 | 06132 | 06115 | 0,6101 | 0,6076 | 06064 | 0,6057
0,62 xx . xx 06182 | 06143 | 06124 | 06109 | 06082 | 06069 | 0,606 2
0,64 s, 06195 | 06153 | 06133 | 06117 | 06087 | 06073 | 06068
0,65 VT s wew 0,6201 | 06158 | 0,6137 | 0,6120 | 06089 | 06074 | 06066
0,66 en e 06208 | 06162 | 06141 | 06123 | 06091 | 06076 | 06067
0,67 —x wen 06214 | 06167 | 06144 | 06126 | 06092 | 06076 | 0,6068
0,68 06219 | 06171 | 06147 | 06128 | 06093 | 0,6077 | 06068
0,69 o 0,6225 | 06174 | 06150 | 06130 | 06094 | 0,6077 | 06068
0,70 wxx 06177 | 06152 | 06132 | 06094 | 06077 (| 06067
0,71 Yy T Y e 0;6180 O;6154 0;613-3 0,604 0;607-6 0,606 6
0,72 wen 06183 | 06156 | 0,6134 | 06094 | 0,6075 | 0,606 4
0,73 en 06185 | 061567 | 0,6134 | 06092 | 06073 | 0,606 2
- 0,74 06186 | 06157 | 06134 | 06091 | 06071 | 06059
0,75 i 06187 | 06157 | 06133 | 06088 | 0,6068 | 0,6056

NOTE - This table is given for convenience.

1t is not intended for precise interpolation.
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TABLE 15 — Orifice plate with flange tappings; flow coefficient o

1SO 5167-1980 (E)

D =50 mm
Rep _
5 x10° 104 2x10% | 3x10% | 5x10% | 7x10% 105 3x10% 109 107
B

0,25 0,603 5 0,6015 0,600 4 0,599 9 0,599 5 0,599 3 0,599 2 0,598 9 0,594 7 0,598 7
0,26 0,604 3 0,602 2 0,600 9 0,600 4 0,599 9 0,599 7 0,599 6 0,599 2 0,599 1 0,599 0
0,28 0,606 2 0,603 6 0,6020 0,601 4 0,6009 0,600 6 0,6004 0,600 1 0,599 9 0,599 8
0,30 *xx 0,605 2 0,603 4 0,602 7 0,6020 0,601 7 0,6015 0,6010 0,604 8 0,600 7
0,32 fEx 0,607 1 0,604 9 0,604 1 0,603 3 0,603 0 0,602 7 0,602 2 0,6019 0,601 8
0,34 *xx 0,609 2 0,606 7 0,605 7 0,604 9 0,604 4 0,604 1 0,603 5 0,603 2 0,603 0
0,36 x 0,611 7 0,608 7 0,607 6 0,606 6 0,60861 0,6057 | 0,605 0 0,604 7 0,604 5
0,38 .xx 06144 06111 0,609 8 0,608 6 0,608 1 0,607 6 0,606 8 0,6064 | 0,606 2
0,40 ¥ ew 0,6137 06122 06109 06103 0,609 8 0,608 8 0,6084 0,608 2
0,42 P . 0616 7 0,6150 0,613 5 0,6128 0,6122 0,611 2 0,6197 0,6104
0,44 o P 0,6200 0,618 1 0,616.5 0,615 7 06150 06138 06132 06129
0,46 fxx P 06238 0,621 7 06198 0,6189 06181 0,616 8 0,612 0,615 8
0,48 R P 0,628 0 0,625 6 06235 06225 06217 0,620 2 0,6195 0,619 1
0,50 X xw 0,6326 0,6300 06277 0,626 6 0,625 7 0,624 0 0,6232 06228
0,52 . . x % 0,637 9 0(635 0 06324 0,6312 | 06301 0,628 3 0,627|4 0,626 9
0,54 * % e K 06437 0,640 5 0,6376 0,636 3 0,6352 0,633 1 0,632/1 0,631 6
0,56 *w % P, 0,650°2 0,646 7 0,643 5 0,6420 0,6408 0,638 5 0,637|4 0,636 8
0,568 P *xx Nk 0,653 5 0,650 0 06484 | 06470 0,644 5 0,643|4 0,642 7
0,60 P % P 0,661 1 0,657 3 0,655 5 0,654 0 0,651 3 0,650(0 0,649 3
0,62 xx . . 0,669 6 0,665 4 0,663 4 0,6618 0,658 8 0,657|4 0,656 6
0,64 . x % o P 0,679 1 0,674 5 0,6723 00,6706 0,667 2 0,665(7 0,664 8
0,65 % oL x . 0,684 2 0,6794 0,677 1 0,675 2 06718 0,670[2 0,669 3
0,66 rxx . "% 0,689 6 0,684 6 0,682 2 0,680'2 0,676 6 0,675(0 0,674 0
0,67 +&4 xx o 0,695 4 0,690 1 0,6876 0,685 5 0,6818 0,680|0 0,6790
0,68 Vol - . xx 0,701 4 0,695 9 0,693 3 0,691 1 0,687 2 0,685|4 0,684 3
0,69 . PN k% 0,707 9 0,702 1 0,699 3 0,697 1 0,693 0 0,691|1 0,690 0
0,70 . o EE P 0,708 6 0,705 8 0,703 4 0,699 1 0,697|1 0,696 0
071 %% cxn P ran 0,715 6 0,7126 0,7101 0,705 6 0,703|5 0,702 4

12 TT) * % ok e 0,7230 U, 7199 U, 7173 U, 7726 0,770 4 0,709 2
0,73 o w R kw P 0,7309 0,727 6 0,724 9 0,7200 0,717 7 0,716 4
0,74 P P fxx o 0,739 3 0,7359 0,733 1 0,727 9 0,726 5 0,724 2
0,75 P - . rxx 0,748 3 0,744 7 0,741 8 0,736 4 0,7339 0,7325

NOTE - This table is given for convenience. It is not intended for precise interpolation.
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TABLE 16 — Orifice plate with flange tappings; discharge coefficient C

D-=75 mm
Re
5 x10° 104 2x104 | 3x10% | 5x10% | 7x10% 10° 3X10° 10° 107
0,20 0,599 7 0,508 6 0,597 9 0,597.6 0,597 4 0,597 3 0,597 2 0,597 0 0,597\0 4,596 9
0,22 0,600 6 0,599 2 0,598 4 0,598 1 0,597 8 0,597 6 05975 0,597 3 0,597 2 4,597 2
0,24 ek 0,600 0 0,598 9 0,598 5 0,598 2 0,598 0 05979 0,597 86 05975 q,597 4
0,26 o 0,600 8 0,599 6 0,599 1 0,598 6 0,598 4 0,598 2 0,597 9 0,597 8 q,597 7
0,28 X 0,6018 | 0,6002 0,599 7 0,599 1 0,598 9 05987 0,598 3 0,598 1 (4,598 0
0,30 o n 0,602 8 0,601 0 0,600 3 0,599 7 0,599 4 0,599 1 0,508 7 0,598 5 Q0,598 3
0,32 e 0,604 0 0,601 8 0,601 0 0,6003 0,599 9 05996 0,599 1 0,598 8 45987 |
0,34 PN rxx 0,602 7 0,6018 0,600 9 0,600 5 0,600 2 0,599 6 0,599 3 (4,599 1
0,36 . * %% 0,603 7 0,602 6 0,6016 0,601 1 0,6008 0,6000 0,599 7 (J,599 5
0,38 " x P 0,604 8 0,603 5 0,6024 0,601 8 0,601 4 0,600 6 0,600 2 Q4,600 0
0,40 xn *xx 0,605 9 0,604 5 0,603 2 0,602 6 0,602 1 06011 | 06007 d,600 5
0,42 % Py 0,607 1 0,605 5 0,604 0 0,603 3 0,602 8 0,601 7 0,601 2 0,601 0
044 P xx 0,608 4 0,606 6 0,604 9 0,604 2 0,6035 0,602 3 0,6018 0,601 5
0,46 *%x P 0,609 8 0,607 7 0,6059 0,605 0 0,604 3 0,603 0 0,6024 40,6020
048 en X% N xx 0,608 9 0,606 9 0,605 9 0,605 1 0,603 6 0,603 0 0,602 6
0,50 . xn o 06102 0,607 9 0,606 8 0,6059 0,604 3 0,603 6 Q0,603 2
0,52 xx o % 0,6115 0,609 0 0,607 8 0,606 8 0,605 0 0,604 2 (4,603 7
0,54 xx x o x 0/612'8 | 0,6100 | 06087 | 06077 | 06057 | 06048 | Q6043
0,66 [ ** % *%x 0,614 1 06111 0,609 7 0,608 5 0,606 4 0,605 4 q,604 8
0,58 xx X x np X w 06122 0,6106 0,609 3 0,607 0 0,605 9 0,605 3
0,60 P . ) fxw 06132 0,6115 0,6101 0,607 6 0,606 4 Q0,605 7
0,62 P rxw e . 0,614 2 06123 0,6108 0,608 0 0,606 8 0,606 0
0,64 P " . P 0,6151 0,613 1 0,6114 0,608 4 0,607 0 0,606 3
0,65 X% Y . %% 06155 06134 0,6117 0,608 6 0,607 1 0,606 3
0,66 xw > % rxw rna 0,6159 0,6137 06119 0,608 7 0,607 2 {4,606 4
0,67 . X nx . xw 06162 06140 06121 0,608 8 0,607 2 ,606 3
‘0,68 P, rxx xx xw 0,6165 0,614 2 06123 0,608 8 0,607 2 (0,606 3
0,69 P % * ¥ w P 06168 0,614 4 06124 0,608 8 0,607 1 (1,606 1
0,70 P *xw [ P 0,6170 06145 0,‘6124 0,608 7 0,606 9 4,606 0
0,71 P P PN P UBT7 2 U514 6 06723 0,608 6 0,606 7 ,605 7
0,72 *wx P - - 06173 06146 0,6124 0,608 4 0,606 5 0,605 4
0,73 rxw rxE . * %% P 0,614 5 06122 0,608 1 0,606 1 0,605 1
0,74 Sxx N e . [ 0,614 4 0,6120 0,607 7 0,605 7 0,604 6
0,75 . %% % P P e 0,614 2 06118 0,607 3 0,605 2 0,604 1

NOTE - This table is given for convenience.
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TABLE 17 — Orifice plate with flange tappings; flow coefficient o

D =75mm
Repn g
5 X109 104 2x10* | 3x10% | 5x10% | 7x10% 108 3x10° 108 107
g8

9,20 0,6002 | 05990 | 05984 | 05981 | 05979 | 05978 | 05977 | 05975 |°0,597{4 | 0,597 4
Q.22 0,6014 ) 05999 | 05991 |. 05988 | 05985 | 05983 | 05982 | 0,598-0° | 05979 | 0,597 9
0,24 s 0,6010 | 05999 | 05995 | 05992 | 05990 | 05989 | 05986 | 05986 | 0,5984
0,26 rxx 0,6022 | 0,6009 | 0,6004 | 0,6000 | 05998 | 05996105993 | 0,509 0,599 1
9,28 wxn 0,6036 | 0,6021 | 06015 | 06010 | 0,6007 | 0,6008~] 06001 | 0,6000 | 0,599 9
.30 cxx 0,6053 | 06035 | 06027 | 06021 | 06018 | 06016 | 06011 | 060096 | 0,6008
4,32 s 06072 | 06050 | 06042 | 06034 | 06031 {06028 | 06023 | 06020 | 06019
0,34 o wax 06068 | 06058 | 06050 | 06046 )| 06042 | 06036 | 0,6033 | 0,603 1
9,36 wxx xx 0,6089 | 06077 | 06067 | 06063 | 06059 | 06051 | 06048 | 0,604 6
9,38 wxn . 06112 | 06099 | 06088 |, 06082 | 06078 | 06069 | 0606% | 0,6063
q,40 wan wrn 06138 | 06124 | 06111(}, 06104 | 06099 | 06090 | 060885 0,608 3
q.42 x ixx 06168 | 06151 | 06137 | 06129 | 06124 | 06113 | 06108 | 06105
Q.44 oxx ex 06202 | 06183 | 06166 | 06158 | 0,6152 | 06140 | 06134 | 06131
4.46 wxx wer 06239 | 06218 [\ 06199 | 06190 | 06183 | 06170 | 06163 | 06160
d.48 wan - 06258 | 06237 | 06227 | 06218 | 06203 | 06196 | 06193
4,50 .xx wxn 0,6302 | 06278 | 06267 | 06258 | 06241 | 06234 | 0,6229
d,52 wxn wex inx 06351 | 06325 | 06313 | 06303 | 06284 | 06276 | 0,627 1
d,54 rx wrn rx 0,6406 | 06378 | 06364 | 06353 | 0,6332 | 0,632 0,631 7
d.56 o . 06467 | 06436 | 06421 | 06408 | 06386 | 06375 | 06369
q,58 F. wan wxn 0,6501 | 06484 | 06470 | 06445 | 06434 | 06427
d,60 . wxx exx wax 0,6573 | 06554 | 0,6539 | 06512 | 0,6499 | 0,649 2
d,62 wrk + L - wxs 0,6653 | 06633.| 06617 | 06587 | 06573 | 06565
d.64 o) xx 06742 | 06720 | 06702 | 06670 | 06654 | 06646
d.65 . - wrw ixx 06791 | 06768 | 06749 | 06715 | 06699 | 06600
d,66 R 4 wan . . 06842 | 06818 | 06798 | 06762 .| 06746 | 06736
d,67 X: ern enn ww 06896 | 06871 | 06850 | 06813 | 06799 | 06785
068 . wn . 06953 | 06927 | 06905 | 06866 | 06848 | 06838
ds9 n oy s 0,7014 | 06986 | 06964 | 06923 | 06904 | 06893
0,70 xx e 0,7078 | 0,7049 | 0,7026 | 06983 | 06963 | 0,695 1

T e r or 0,7146 | 0,7116 | 0,7001 | 0,7046 | 0,7025 | 0,7014
0,72 - xn exn 0,7218 | 0,7187 | 0,7161 | 0,714 | 0,7092 | 0,708 0
0.73 e wex rx vxx eox 0,7262 | 0,7235 | 0,7186 | 0,7163 | 0,7150
0,74 . xx o wxx 0,7343 | 0,7315 | 0,7263.| 0,7239 | 0,7226
0,75 wan wwn axx wxx ves 0,7429 | 0,7399 | 0,7345 | 0,7320 | 0,7306

NOTE — This table is given for convenience. It is not intended for precise interpolation.
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TABLE 18 — Orifice plate with flange tappings; discharge coefficient C

D = 100 mm
Rep ) ] ) . p 5 . & 2
U Z X110 S ATO OXTU AT LAY} S ATY U T
B8
o,po 0,598 6 0,597 9 0,597 6 0,697 4 0,697 3 0,597 2 05971 | 05970 0,596 9
op2 0,599 2 0,598 4 0,598 1 0,597 8 0,597 6 0,597 5 0,597 3 0,697.2\|°0597 2
0ps 0,6000 0,599 0 0,598 5 0,598 2 0,698 0 0,597 9 0,5976 0,597'6 0,697 4
0,p6é 0,600 9 0,599 6 0,599 1 0,598 6 0,598 4 0,698 3 05979 0,597 8 0,597 7
0,p8 0,6018 0,600 3 0,699 7 0,599 1 v 0,698 9 0,598 7 0,698 3 0,698 1 0,598 0
0,80 P 0,6010 | 06003 0,699 7 0,599 4 0,699 1 0,598 7 0,598 5 0,598 4
0,32 e 0,6019 0,601 0 0,600 3 0,599 9 0,599 6 0,599 1 0,598 9 0,698 7
04 . 0,6028 0,6018 0,6009 0,6005 0,600 2 0,699 6 0,599 3 0,599 1
0,86 P 0,603 7 0,602 6 0,601 6 0,601 1 0,600'8 0,600 0 0,599 7 0,599 5
0,58 M 0,604 8 0,603 5 0,602 4 0,6018 0,601 4 0,6006 0,600 2 0,600 0
040 wwn " 0,604 5 0,603 2 0,602 5 0,602 0 0,601 1 0,600 7 0,600 4
on2 wnx - 0,605 5 0,604 0 0,6033 0,602 7 0,601 7 0,601 2 0,6009
ona *ew "% 0,606 5 0,604 9 0,604 1 0,603 5 0,602 3 0,601 7 0,6014
0.p6 - - 0,607 7 0,605 8 0,604 9 0,604 2 0,6029 0,602 3 0,6020
0,48 P * % 0,608 8 0,606 8 0,605 8 0,605 0 0,603 5 0,602 9 0,6025
0,p0 e %% e 0,607'8 0,606 7 0,605 8 0,604 2 0,603 4 0,6030
0,p2 - n . 0608 8 0,607 6 0,606 6 0,604 8 0,604 0 0,603 5
0,b4 *w - few 0,609 8 0,608 5 0,607 4 0,605 4 0,604 5 0,604 0
0,p6 *wew %% *xx 06108 0,609 3 0,608 2 0,606 0 0,605 0 0,604 5
0,p8 nn e ) 06118 0,6102 0,608 9 0,606 6 0,605 5 0,604 9
0,p0 . xxx *ww 06127 06110 0,609 6 0,6070 0,605 8 0,605 2
0,62 . * %o rwx 06135 06117 0,6102 0,607 4 0,606 1 0,605 4
0,p4 P o *kx . 06123 0,610 7 0,607 7 0,606 3 0,605 5
0,65 P % P I 06125 0,6108 0,607 7 0,606 3 0,6055
0,p6 *wn *ux *o P 06127 06110 0,607 7 0,606 2 0,605 4
0,67 T e e e 06129 0,6111 0,607 7 0,606 1 0,605 3
0,68 "M e "o x " 0,6130 0,6111 0,607 6 0,606 0 0,605 1
0,69 *wx . . . 0,6131 0,611 1 0,607 5 0,605 8 0,604 9
Q,fo . P e * k% 0,613 1 06110 0,607 3 0,605 5 0,604 5
0,11 06130 06109 06070 0 605 2 0604 2
¢ 0,72 e *wn > w P 06128 0,6106 0,606 6 0,604 7 0,603 7
0,73 P rw U . 06126 0,6103 0,606 2 0,604 2 0,603 1
0,74 w x Y " h 06123 0,609 9 0,605 6 0,603 6 0,6025
0,75 - . - «xs | 06094 | 06050 | 06029 | 06018

NOTE — This table is given for convenience. It is not intended for precise interpolation.
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TABLE 19 — Orifice plate with flange tappings; flow coefficient o

D =100 mm
Rep
54 > tgd S tod 5ot el +5 3-te5 +6 107 -
B8

0,20 05991 | 05984 | 05981 | 05979 | 05978 | 0,5977 | 05975 | 05975 | 05974
0,22 05999 | 05991 | 05988 | 05985 | 05983 | 0,5982 | 0,5980 | 0,697 9 5979
0,24 0,6010 | 05999 | 05995 | 05992 | 05990 | 05989 | 0,598 61[%0,598 5 598 4
0,26 0,6022 | 06009 | 06005 | 06000 | 05998 | 0,5996 | 0,599'3) | 0,599 2 /599 1
0,28 0,6037 | 06021 | 0,6015 | 06010 | 06007 | 0,6005 | 06001 | 0,6000 ,599 9
0,30 rxx 0,6035 | 06028 | 0,6021 | 06018 | 0,6016¢| 06011 | 0,6009 ,600 8
0,32 - 0,6060 | 06042 | 0,6035 | 06031 | 0,6028)| 06023 | 0,6020 6019
0,34 . 0,6068 | 0,6059 | 06050 | 06046 | 0,6042 | 0,6036 | 0,603 3 ,603 2
0,36 wax 0,6089 | 06077 | 06067 | 06063 ;06059 | 06051 | 0,604 8 ,604 6
0,38 - 06112 | 06099 | 0,6087 | 0,6082)\] 06077 | 06069 | 06065 ,606 3
0,40 i 06123 | 06110 | 0,6104 | 06099 | 06090 | 0,6085 ,608.3
0,42 wnn vex 06151 | 06136 |.06729 | 06123 | 06113 | 06108 | 06105
0,44 yax 06182 | 06166 . 06158 | 06151 | 0,6139 | 06133 6130
0,46 en s 0,6217.| 0,6198>| 06190 | 06182 | 06169 | 06162 6159
0,48 0,6257 | 0,6236 | 0,6225 | 06217 | 0,6202 | 06195 6191
0,50 wxx 06277 | 06266 | 06257 | 06240 | 0,6232 6228
0,52 wax 0,6323 | 06311 | 06301 | 06282 | 0,6274 6269
0,54 e PN 06375 | 06361 | 06350 | 06329 | 0,6320 6315
0,56 - ax 06432 | 06417 | 06405 | 0,6382 | 06372 6366
0,58 . wax 06496 | 06480 | 06466 | 06441 | 06429 6423
0,60 e Ten - 06567 | 06549 | 06534 | 06507 | 0,6494 | 0,6487
0,62 . P xn 06646 | 06626 | 06610 | 065680 | 0,656 6 ,655 8
0,64 e - 06712 | 06694 | 06661 | 06646 663 7
0,65 & van 06758 | 06739 | 06705 | 0,6689 | 04,6680
0,66 W cnn P 06807 | 06788 | 06752 | 0,6735 | 0.6725
0,67 - e . e 06859 | 06838 | 06801 | 06783 | 0,6774
0,68 wrn s exn 06914 | 06892 | 06853 | 06835 | 04,6824
0,69 P . wax 06972 | 06949 | 0,6908 | 06889 | 06878
0,70 cxn 0,7033 | 0,7009 | 0,6966. | 0,6946 | (6935
071 0,709 8 0707 3 07028 07007 699 5
0,72 xn xx exn 0,7167 | 0,7141 | 0,7094 | 0,7072 | 0,706 0
0,73 exn 0,7240 | 0,7213 | 0,7164 | 0,7141 | 0,7128
0,74 was wxn wr s 0,7318 | 0,7289 | 0,7238 | 0,7214 | 0,7201
0,75 - wrn e 0,7371 | 0,7317 | 0,7292 | 0,7278

NOTE ~ This table is given for convenience. It is not intended for precise interpolation.
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TABLE 20 — Orifice plate with flange tappings; discharge coefficient C

D = 150 mm
ReD a y a 4 sl 5 af anB anl
U Z XU 3 AU o] LAY 7 1A%} TU ) TV 18~ O
B8
0,20 05986 | 05979 | 05977 | 05974 | 05973 | 05972 | 05971 | 05970 (10,5969
0,22 05993 | 05984 | 05981 | 05978 | 05977 | 05975 | 06973 | 0,587.2'\( 0,597 2
0,24 *rw 05990 | 05986 | 05982 | 05980 | 05979 | 05976 | 05975 | 06974
0,06 wew 05996 | 05991 | 05987 | 0,5984 | 05983 | 05980 | 06978 | 05977
0,p8 wxw 06003 | 05997 | 06992 | 05989 | 05087 | 0,6983-.1.05981 | 05980
0,80 - 06010 | 06003 | 05997 | 05994 | 05992 | 05987 | 0,5985 | 05984
0,82 wxw 06019 | 06010 | 06003 | 056999 | 05996 | 05991 | 0,5989 | 05987
0,34 xx 0,6018 | 06009 | 06005 | 0,6002,0,5996 | 05993 | 05991
0,36 - "wx 06026 | 0,6016 | 06012 | 0,6008 | 06000 | 05997 | 05995
0,38 Xrx wax 0,6036 | 0,6024 | 06018 | 06014 | 06006 | 06002 | 0,6000
0,40 " wxw 06031 | 0,6025 | 06020 | 06011 | 06007 | 06004
042 ‘rx . ,rx 0,604 0 | 0,6033(\\70,6027 | 0,6017 | 06012 | 06009
0,44 . wxx 06048 | 06040 | 06034 | 06022 | 0,6017 | 06014
046 *rx - 06057 |.0B049 | 06041 | 06028 | 06022 | 06019
048 " xx "o . 06067 [~0,6057 | 06049 | 0,6034 | 06027 | 0,6024
0,50 xx xx - 06076~ 06065 | 0,60566 | 0,6040 | 0,6033 | 06029
0%$2 - . wax P 0,6074. | 06064 | 06046 | 0,6038 | 06033
0,54 - ‘e wex - 06082 | 06071 | 06052 | 0,6043 | 06038
056 - - 0,6090 | 0,6078 | 06057 | 0,6047 | 06041
0,58 . . Faea 06098 | 06085 | 06061 | 0,6051 | 0,604 4
0,60 *xw rxx Tan 06105 | 0,6091 | 06065 | 0,6053 | 0,604 7
0,62 xxx .o - 06095 | 06068 | 06065 | 0,6048
0.64 *hx Lo wrw - wxx 06099 | 06069 | 06055 | 0,604 7
0,65 - dax wxw o 06100 | 0,6068 | 06054 | 0,6046
0,66 - e - - 06100 | 0,6068 | 0,6053 | 0,604 4
0,67 « N wux rrw *rx 06100 | 06066 | 0,6051 | 0,604 2
0,68 M nn wwx "xr wxw 06099 |.0,6064 | 06048 | 0,6039
0,869 xxn xxx - . - 06098 | 06062 | 06045 | 0,6036
0,70 . xx . - wxx 06096 | 06058 | 06041 | 06031
0,1 ——r —r v — —r 06003 | 06054 | 06036 | 06026
0,72 wrx wxx rwx o wxr 06089 | 06049 | 06030 | 0,6020
0,73 xxw ex xx wrw " - 06043 | 06023 | 06012
0,74 . xx x rrx - - 06035 | 06015 | 06004
0,756 fxx P wrw 06027 | 06006 | 0,5994

NOTE — This table is given for convenience. It is not intended for precise interpolation.
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TABLE 21 — Orifice plate with flange tappings; flow coefficient o

D =160 mm
Rep
104 2x104 | ax104 | 5xi04 | 7x104 105 3 %105 106 107
B
0,20 05991 | 05984 | 05981 | 05979 | 05978 | 05977 | 05975 | 0,5976) | 0,597 4
0,22 06,6000 | 05991 | 05988 | 05985 | 05984 | 05982 | 05980 | 0ls979 | o597 9
0,24 wxn 06000 [ 05996 | 05992 | 05990 | 05989 | 05986 |0,5985 | 05984
0,26 rw 06010 | 0,6005 | 0,6000 | 05998 | 05996 | 059937 05992 | 05991
0,28 o 06021 | 06015 | 06010 | 06007 | 060056 | 06002 | 06000 | 05999
0,30 xw 06035 | 06028 | 0,6021 | 06018 | 06016 ( 06011 | 06009 | 0,6008
0,32 . x 0,6050 { 06042 | 0,6035 [ 06031 | 06028} 0,6023 | 06020 | 06019
0,34 *xx wkx 06059 | 06050 | 06046 | 06042 | 06036 | 06033 | 06032
0,36 . wrx 06077 | 06067 | 0,6063 ;06059 | 06052 | 0,6048 | 0|604 6
0,38 - wan 06099 | 06087 | 06082, 06077 | 06069 | 06065 | 0]606 3
0,40 xn rx S, 06110 | 0,6104-| 06099 | 06089 | 0,6085 | 0|6083
042 I M - 06136 | 06129 | 06123 | 06112-| 0,6107 | 0|6105
0,44 s x - 06165 [ 09,6157 | 06150 | 06138 | 0,6133 | 0|6130
0,46 *rx - wxr 06198~ 06189 | 06181 | 06168 | 0,6162 | 0[6158
0,48 nx axx e 06234 | 06224 | 06216 | 06201 | 0,6194 | 0/6190
0,50 nn wrx ik 0,6275 | 0,6264 | 06255 | 0,6238 | 06231 | 0l6226
0,52 wxn - ww . 06309 | 06299 | 06280 | 0,627 1 | 06267
0,54 - P 06358 | 06347 | 06327 | 06317 | 0|6312
0,56 *rs rxn g wx 06414 | 06401 | 06379 | 06368 | 06362
0,58 .ix wx xw xn 06475 | 06462 | 06437 | 06425 | 0)6419
0,60 xw A xn wnn 06543 | 06528 | 06501 | 06488 | 06481
0,62 wrw e - - s 06603 | 06573 | 06559 | 0J655 1
0.64 - i faw . wan 06685 | 06652 | 06637 | 06628
0,65 4 wrx aw 06730 | 06695 | 0,6679 | 0/6670
0,66 ) e P 06777 | 06741 | 06724 | 0le715
0,67 wrx Chxw rxs ras wx® 06827 | 06789 | 06771 | 0/6762
0,68 ox ox oxn . 06879 | 06840 | 06821 | ole811
0,69 wan . wrw 06934 | 06893 | 06874 | 0/6863
0,70 "k M wxx 06993 | 0,6950 | 06930 | 0/6919
0,71 . wxx sxk wxx wxw 0,7055 | 0,7010 | 06989 | 0977
0,72 wrn N - - wrx 0,7121 | 0,7073 | 0,7052 | 0,703 9
0,73 N wxx - - 0,7141 | 0,7118 | 0,7105
0,74 xs s e exs o 0,7213 | 0,7189 | 0,7175
- 0,75 - wxx wrx wxw P 0,7289 | 0,7264 | 0,7250

NOTE — This table is given for convenience. It is not intended for precise interpolation,
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TABLE 22 — Orifice plate with flange tappings; discharge coefficient C

D = 200 mm :
Rep,
2xX10% | 3x10% | 5X10° | 7 X10°¥ T0° IXT0° TO 07
g8
0,20 05979 [ 05977 | 055974 | 05973 | 05972 | 05971 05970 | 05970
0,22 0,5984 | 0,5981 05978 | 06977 | 05975 | 05973 | 06972 |-06972
0,24 05990 | 05986 | 05982 | 056980 | 05979 | 0,5976 | 05975 10,6974
0,26 05996 | 0,599 1 05987 | 05985 | 05983 | 05980 | 0,5978.| 06977
0,28 0,600 3 0,599 7 0,699 2 0,698 9 0,598 7 0,598 3 0,598 1 0,598 0
0,30 P 0,6003 05997 | 05994 0,599 2 0,598 7 0,598 5 0,598 4
0,32 N w 0,601 0 0,6003 0,599 9 0,599 7 0,599 1 0,598 9 0,698 7
0,34 P 0,601 8 0,600 9 0,600 5 0,600 2 0,599 6 0,599 3 0,599 1
0,36 xw X% 0,601 6 0,601 2 0,600 8 0,600 1 0,599 7 0,5995 .
0,38 xn ww 0,6024 | 06018 | 0,6014\} 06006 | 0,6002 | 06000
0,40 . ww - 0,603 1 06025 | 06020 | 0,6011 0,6007 | 06004
0,42 - wx 0,6040 | 06033 |, 06027 | 0,6016 | 0,6011 0,600 9
0,44 xx . 06048 | 06040} 06034 | 06022 | 06017 | 06014
0,46 xx rx P 0,604.8 0,604 1 0,602 8 0,602 2 0,601 8
0,48 . . rx xn 06056 | 06048 | 06034 | 06027 | 06023
0,50 . xx xs 0,6065 | 06056 | 06040 | 06032 | 06028
0,52 P P %k 0,607 3 0,606 3 0,604 5 0,603 7 0,603 2
0,54 4% P & e P 0,607 0 0,605 0 0,604 1 0,603 6
0,56 r . v R 06077 | 06055 | 06045 | 0,6040
0,68 rx X n g P *Hx 0,608 3 0,605 9 0,604 8 0,604 2
0,60 .o ) wx . 0,6088 | 06063 | 06051 0,604 4
0,62 . Sus wxx xx 06092 | 06064 | 0,60562 | 0,6044
0,64 *h - wxw xne wxn 06065 | 0,605 1 0,604 3
0,65 ~ e fhx X %% - 0,606 4 0,6050 0,604 1
0,66 e s - rx P rxw 06063 | 06048 | 06039
0.67 wxx A . %% wx 0,606 1 06045 | 06037
0168 W * * % * * % * * % * * * X 01605 9 0;604 2 01603 3
0169 * % * ¥ * O x LR Y * * % 0:605 5 0:603 9 01602 9
0,70 * % * * ¥ * % K LE R * %K 0,605 1 0,6034 0,602 4
U:7" * %% * * % ' E] [T ey 0,594 & n,nnzo n,Rn1 8
0172 EX R * % * * * X * % ¥ * K ¥ 01604 0 01602 1 01601 1
0,73 wrr wes ’ex - o 06033 | 06014 | 06003
0174 * K ¥ * * % * F * * ¥ ¥ * K K 01602 5 0:600 5 0'599 3
0,75 . xx rax . 06015 | 05994 | 05983

* %K

NOTE — This table is given for convenience. It is not intended for precise interpolation,
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TABLE 23 — Orifice plate with flange tappings; flow coefficient o

D = 200 mm
Rep ) . . . .
X107 3 X107 5 X107 7 X107 107 3 X107 10° 107
B
0,20 05984 | 05981 | 05979 | 05978 | 05977 | 05976 | 05975, |\ 0,597/4
0,22 05991 | 05988 | 05986 | 05984 | 05982 | 05980 | 05979 | 05970
0,24 0,6000 | 06996 | 05992 | 05990 | 05989 | 05986 | 055985 | 0508l
0,26 06010 | 06005 | 06000 | 05998 [ 05997 | 05093 .| 05992 | 05991
0,28 06021 | 06015 | 0,6010 | 06008 | 0,6005 | 06002} 06000 | 05999
0,30 06028 | 06022 | 06018 | 06016 | 06011 | 06009 | 0,600[8
0,32 xs 06042 | 06035 | 06031 | 06028 4 06023 | 0,6020 | 0,601[0
0,34 06059 | 06050 | 06046 | 06042~} 0,6036 | 0,6033 | 0603[
0,36 xi wxs | 08067 | 06063 | 06059 | 06052 | 06048 | 0,6046
0,38 06087 |.06082 | 06077 | 0,6069 | 0,6065 | 0,606B
0,40 exn «xx | 06110 | 06104./%0,6099 | 06089 | 06085 | 0,608F2
0,42 06136 | 06129] 0,6123 | 06112 | 06107 | 0610k
0,44 06165 | 06157 | 06150 | 06138 | 06133 | 06120
0,46 % 06188 | 06181 | 06168 | 06161 | 08158
0,48 O wrx 0,6224 | 06216 | 06201 | 0,6194 | 0619p
0,50 06263 | 06254 | 06238 | 06230 | 0,622k
0,52 0,6308 | 06298 | 06279 | 06270 | 0,626F
0,54 0,6346 | 06325 | 06316 | 0,631
0,56 wn A 0,6400 | 06377 | 06366 | 0,636
0,58 T ks 0,6459 | 06434 | 06423 | 0,641
0,60 0,6526 | 06498 | 06486 | 0,647B
0,62 06599 | 06569 | 06555 | 0654p
0,64 06648 | 06633 | 06624
0,65 o . - . «xx | 06691 | 06675 | 0666p
0,66 0,6736 | 06719 | 0670b
0,67 w wax yx wax s 0,6783 | 06765 | 06756
0,68 06833 | 06815 | 06804
0,69 0,6886 | 06867 | 0,685 6
0,70 06942 | 06922 | 06910
074 TER IR e IXT) T ;7601 0,698 00,6068
0,72 wax 0,706 3 | 0,704 1 | 0,702 9
0,73 exn 0,7130 | 0,7107 { 0,700 4
0,74 0,7200 | 0,7176 | 0,7163
0,75 0,7275 | 0,7250 | 0,7236

NOTE — This table is given for convenience. It is not intended for precise interpolation.
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TABLE 24 - Orifice piate with flange tappings; discharge coefficient C

D = 250 mm
Rep
‘ 5 134 3 134 5 134 2 134 105 2. v105 108 107
B8

0,20 05979 | 05977 | 05974 | 05973 | 05972 | 05971 | 05970 | 05970
0,22 05984 | 05981 | 0,5978 | 08977 | 05976 | 05973 | 05972 /05972
0,24 05990 | 05986 | 05982 | 05980 | 05979 | 05976 | 05975, 1.05975
0,26 P 05991 | 05987 | 05985 | 05983 | 0,5980 | 0,59748) | 0,597 7
0,28 . 05997 | 05992 | 05989 | 05987 | 05983 | 05981 | 0,598 0
0,30 P 06003 | 05997 | 05994 | 05992 | 0,598 7 [\05985 | 0,598 4
0,32 PR wxx 0,6003 | 05999 | 05997 | 05994)1 05989 [ 05987
0,34 wan o 0,6009 | 06005 | 06002 | 05996 | 05993 | 05991
0,36 wan wrx 06016 | 06012 | 0,6008 )0,6001 | 05997 | 0,599 5
0,38 " wws wrx 06024 | 06018 | 0,6014\/°06006 | 0,6002 | 0,6000
0,40 Cwew wri wan 06025 | 06020 | 06011 | 0,6006 | 0,6004
042 P ke wo 06032 |060627 | 06016 | 06011 | 06009
0,44 . wxw - 0,604 0, |~0,6034 | 06022 | 06016 | 06013
0,46 P exs | 060481 06041 | 06028 | 06022 | 06018
0,48 wan i - 06048 | 06033 | 0,6027 | 06023 .
0,50 P s e wax 0,6055 | 06039 | 0,6032 | 06027
0,52 ns wwu P, own 0,6062 | 06045 | 06036 | 06032
0,54 wan . N . 06069 | 06050 | 06041 | 0,6035
0,56 - . . g . 0,6076 | 06054 | 06044 | 06039
0,58 wen " wak exx 06058 | 06047 | 0,604 1
0,60 s = N e 06061 | 06049 | 0,6042
0,62 s i xs e 0,6063 | 06050 | 0,604 2
0,64 wax wnn - wax 06062 | 06048 | 0,604 1
0,65 & o ern - 0,6061 | 06047 | 0,6039
0,66 PR P P wns W 0,6060 | 0,6045 | 06037
0,67 o . wxw - whn 0,6058 | 06042 | 0,6034
0,68 ww wrn - o 0,6055 | 0,6039 | 0,6030
0.69 - wwx wax yon wr 0,6051 | 0,6035 | 0,6025
0,70 - . wn s wxn 0,6047 | 06029 | 0,6020
0,71 . ias s eax 06041 | 06023 | 06013
0,72 . wnu e . rn 0,6035 | 0,6016 | 06006
0,73 s . wwx wns wrx 06027 | 06008 | 05997
0,74 i exe e - wns 0,6018 | 05098 | 0,598 7
0,75 wwn - exn xx 0,6008 | 05987 | 0,5976

NOTE — This table is given for convenience.

1t is not intended for precise interpolation.
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TABLE 25 — Orifice plate with flange tappings; flow coefficient o

1SO 5167-1980 (E)

D = 250 mm
Rep
L)\IUA QAlUA D?\IUA i )‘\IU/l IUR o)\IU‘: IUA IU.’
B N

0,20 05984 | 05981 | 05979 | 05978 | 05977 | 05976 | 05975 \0/597 ¢
0,22 05991 | 05988 | 05985 | 05984 | 05983 | 05980 | 05979, | 0,597 9
0,24 06000 | 05996 | 05992 [ 05990 | 05989 | 0,5986 | 0,985 | 0,5984

0,26 xx 0,6005 | 06000 | 05998 | 05997 | 05993 | 05992 | 0,599
0,28 wx 0,6015 | 06010 | 06008 | 06006 | 0,6002\]/0,6000 | 05999
0,30 - 06028 | 06022 | 06019 | 06016 | 06012 | 06009 | 0,6008
0,32 e rax 0,6035 | 0,6031 | 0,6028 | 06023 | 0,6020 | 0,6019
0,34 - - 0,6050 | 06046 | 0,6042~/406036 | 06033 | 0,603
0,36 nw cwn 06067 | 06063 | 0,6050"V| 06052 | 06048 | 0,604 6
0,38 ok o 06087 | 06082 | 06077 | 06069 | 06065 | 0,606 ]
0,40 Kax n - 06104 | 06099 | 0,6089 | 06085 | 0,608 ]
042 shn . 061281 06123 | 06112 | 06107 | 06104
0,44 e wxx 06157 | 06150 | 06138 | 06132 | 06129
0,46 xx A 06188 | 06181 | 06167 | 06161 | 0,615 §
0,48 - - 06215 | 0,6200 | 06193 | 0,618
0,50 wr e Ml e 06254 | 06237 | 06229 | 0,622

0,52 wx wax 0,6297 | 06278 | 0,6270 | 0,626

0,54 . P wwn wux 06345 | 06325 | 06315 | 0631

0,56 - rak www s 0,6399 | 06376 | 06365 | 0,636
0,58 . A - www wns 06433 | 0,6421 | 0,641¢
0,60 xx rx iwx xn 06497 | 0,6484 | 0,647 ]
0,62 * 4% A . rrx . 06567 | 06553 | 0,654 1
0,64 > fxx cxn wrx wan 06645 | 06630 | 0,662
0,65 . s v x 06688 | 06672 | 0,666 ]
0,66 - wan . o 06732 | 06716 | 0,670
0,67 xx . wxn .xx - 06779 | 06762 | 0,675
0,68 xn wn I ek wxw 06829 | 06811 | 0,680
0,69 A wxn wnn . wnw 06881 | 06862 | 0,685 ]
0,70 xx wx wnx . 06937 | 06917 | 0,690 ¢
0,21 — o N — 06995 | 06974 | 06063
0,72 wxw - wrn . 0,705 7 | 0,7035 | 0,702 3
0,73 e wxx rx i - 0,7123 | 0,7100 | 0,708 7
0,74 wex . wxx - 0,7193 | 0,7169 | 0,71556
0,75 ok nn o o . 0,726 7 | 0,7242 | 0,7228

NOTE — This table is given for convenience. It is not intended for precise interpolation.
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TABLE 26 — Orifice plate with flange tappings; discharge coefficient C

05978

D =375 mm
Re
Y1 2x10% | 3x10% | 5x10% | 7x10? 108 3x10% 108 107
B
0,20 05979 | 05977 | 05974 | 05973 | 05972 | 05971 | 05970 | 05970
0,22 e x 05981 | 05978 | 05977 | 05976 | 05973 | 05973 | ©;5972
0,24 05986 | 05982 | 05980 | 05979 | 05976 | 05975(-| 05975
0,26 exx . 05987 | 05985 | 05983 | 05980 | 05978 | 05977
0,28 - wrs 05992 | 05989 | 05987 | 05983 | 05982 | 0,598 1
0,30 wax ww 05997 | 05994 | 05992 | 05987 A.\05985 | 0,598 4
0,32 ek wxx 0,6003 | 06000 | 05997 | 05991 | 05989 | 05988
0,34 "k . xrn 06005 | 06002 | 05996 | 05993 | 0,599 1
0,36 wrx crx 0,6012 | 06008 | 6001 | 05997 | 05995
0,38 wxw P wxx 0,6018 | 0,6014[~'0,6006 | 06002 | 0,6000
0,40 rrx fxx M rxx 0,6020 | 0,6011 | 0,6006 | 0,6004
042 . rax e oxx 0,6027 | 06016 | 06011 | 0,6009
0,44 ers crx ens 06033 | 06022 | 06016 | 06013
0,46 wn wex wax . 06040 | 06027 | 06021 | 0,6018
0,48 P wrx *xx T # . 0,6033 | 0,6026 | 06022
0,50 . wan wxx 06038 | 06031 | 0,6027
0,52 - en R i erx 06044 | 06035 | 0,603 1
0,54 xx e - M ok 06049 | 06040 | 06034
0,56 . . . 06053 | 06043 | 0,603 7
0,58 wxx xw wan e - 06056 | 06046 | 06039
0,60 wxs - xx xxx . 06059 | 06047 | 06040
062 - Lxx - - 06060 | 06047 | 06040
0,64 wrn wox . e - 06059 | 06045 | 0,6037
0,65 Koo wxn . .xs s 06058 | 06043 | 0,6035
0,66 i - cxx en 06056 | 06041 | 0,6033
0,67 . . exx wxn s 06054 | 06038 | 06029
0,68 wen cx% . wxx o 06050 | 06034 | 0,6025
0,69 . wx ex vn wx 06046 | 06029 | 06020
0,70 . "hn - - 06041 | 0,6024 | 06014
0,71 xn wen wrn s 0,6035 | 0,6017 | 0,6007
0,72 wan exx wax wrn 06028 | 06009 | 05999
0,73 wen xn . e wxn 0,6020 | 0,6000 | 0,5989
0,74 ww v exn wwx wnx 06010 | 05990 | 05979
0,75 . wrx wxw . . 0,599 9 0,596 6

NOTE — This table is given for convenience.

It is not intended for precise interpolation.
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