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Foreword Information is also given on using square-edged orifice plate

installations under conditions not covered in Section 1.1.

This British Standard has b e d under th
1S TS andar has been prepared under the Those conditions include the following:

direction of the Industrial-process Measurement and

Control Standards Committee. It is technically equivalent (a) drain holes through the orifice plate or nozzle;

to 1SO 5167 — 1980 ‘Measurement of fluid flow by (b) orifice plates installed in pipes with diameters in the

means of orifice plates, nozzles and venturi tubes inserted range. 26 mm < D < 50 mm;

in circular cross-section conduits running full’, published {c) orifice plates, nozzles or venturi nozzles installed )
by the International Organization for Standardization where there is no upstream or downstream pipeline. ‘
(1S0). Section 1.3 (under consideration)} will deal with critical

For ease of reproduction the text of 1SO 5167 has been flow measurement and the requirements for and the

used with certain editorial changes made in order to clarify method of use of critical flow venturi nozzles inserted

the text. Some terminology and certain conventions are in a closed conduit to determine the rate of flow of the

not identical with those used in British Standards; fluid flowing in the conduit. Section 1.3 will also cover

attention is especially drawn to the following. the calculation of critical flowrates and their associated

) uncertainties.
The comma has been used throughout as a decimal

marker. In British Standards it is current practice to Section 1.4 contains sample calculations, physical data and
use a full stop on the baseline as the decimal marker. other additional information on using pressure differential

. ) . . . devices specified in Sections 1.1 and 1.2.

BS 1042 : Part 1 : 1964 is being revised in four Sections of . . . . . . )
which this is Section 1.1. Section 1.2 provides supplementary AN index is provided in Section 1.4 to facilitate the rapid
information to Section 1.1, consisting of the specification cross-referencing of subject matter.
of the geometry and method of use (installation and
operating conditions) of pressure difference devices not
dealt with in Section 1.1. Those devices are:

(a) conical orifice plates;

(b} quarter circle orifice plates;

{c) eccentric orifice plates;

(d) Borda inlets for air measurements.

it should be noted that guidance on the effects of
departure from the requirements given in this standard
can be found in BS 1042 : Part 3 : 1965.

*In course of preparation
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British Standard

Measurement of fluid flow in closed conduits

Part 1. Pressure differential devices

Section 1.1 Specification for square-edged orifice plates, nozzles and venturi tubes

inserted in circular cross section conduits running full

1 SCOPE AND FIELD OF APPLICATION

This British Standard specifies the geometry and method
of use (installation and operating conditions) of square-edged
orifice plates, nozzles and venturi tubes when they are
inserted in a conduit running full, to determine the rate of
the fluid flowing in the conduit. It also gives necessary
information for calculating the flow-rate and its associated
uncertainty.

It applies only to pressure difference devices in which the
flow remains subsonic throughout the measuring section,
is steady or varies only slowly with time and the fluid is
single-phased. In addition, each of these devices can only
be used within limits which are specified, for example of
pipe size and Reynolds number. Thus this British Standard
does not apply for pipe sizes less than 50 mm or more than
1 200 mm or for pipe Reynolds numbers below 3150.

It deals with devices for which direct calibration exper-
iments have been made, sufficient in number and quantity
to enable coherent systems of application to be based on
their results and coefficients to be given with certain
predictable limits of uncertainty.

The devices introduced into the pipe are called “primary
devices”. The term primary device also includes the
pressure tappings. All other instruments or devices required
for the measurement are known as “‘secondary devices”.
This British Standard covers the primary devices; but
secondary devices!) are mentioned accasionally.

The different primary devices dealt with are as follows:

— orifice plates, which can be used with the various
following arrangements of pressure tappings :

— corner pressure tappings,
— D and D/2 pressure tappings,2’
— flange pressure tappings,
— nozzles :
— 1SA 1932 nozzle®),
— long radius nozzle,

which differ in shape and/or in the position of the
pressure tappings,

— venturi tubes :
— classical venturi tube®),
— venturi-nozzle,

which differ in shape and/or in the position of
pressure tappings.

NOTE. The titles of the standards publications referred to in this
standard are listed on the inside back cover.

2 SYMBOLS AND DEFINITIONS

The vocabulary and symbals used in this British Standard
are defined in BS 5875, but for convenience those symbols
which are used in this British Standard are reproduced
in table 1.

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

See I1SO 21886, Fluid flow in closed conduits — Connections for pressure signal transmission between primary and secondary devices.

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

3} ISA is the abbreviation for “‘International Federation of the National Standardizing Associations", the body which was succeeded by SO
in 1946.

4} In the U.S.A. the classical venturi tube is sometimes called Herschel venturi tube.
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2.1 Symbols
TABLE 1 — Symbols
Dimensions
M : mass
Symbols Represanted quantity L :length S1 Unit
T :time
© : temperature
c Coefficient of discharge, C =% dimensionless
d Diameter of orifice or throat of primary device at operating conditions L m
D Upstream internal pipe diameter (or upstream diameter of a classical venturi tube) L m
at operating conditions
e Relative uncertainty dimensionless
E Velocity of approach factor, £ = (1 — 4)-1/2 dimensionless
k Uniform equivalent roughness (see 7.3.1) L m
! Pressure tapping spacing L m
L Relative pressure tapping spacing, L =% dimensionless
P Static pressure of the fluid ML-TT-2 Pa
I9m Mass rate of flow mT-1 ka/s
q, Volume rate of flow 371 m3/s
R Radius L m
R, Arithmetical mean deviation from the mean line of the profile? L m
Re Reynolds number dimensionless
ZZS Reynolds number referred to D or d dimensionless
t Temperature of the fluid ® °c
U Mean axial velocity of the fluid in the pipe L7-1 m/s
X Acoustic ratio, X = Ap dimensionless
Pk
o Flow coefficient dimensionless
B Diameter ratio, § = % dimensionless
¥ Specific heat capacities ratio!) dimensionless
Ap Differential pressure ML 1T-2 Pa
Aw Pressure loss mL-171-2 Pa
€ Expansibility (expansion)} factor dimensionless
K Isentropic exponent” dimensionless
M Dynamic viscosity of the fluid ML= T-1 Pa.s
v Kinematic viscosity of the fluid, » = g L2r-1 m2/s
£ Relative pressure loss ? dimensionless
P Mass density of the fluid mL-3 kg/m3
T Pressure ratio, 7 =Z—-T 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.

2) See BS 1134




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
a pressure gauge to a wall pressure tapping. Only the value
of the absolute static pressure is used in this British
Standard.

2.2.3 differential pressure : Difference between the static
pressure measured at the wall tappings, one of which is
on the upstream side and the other on the downstream
side of a primary device (or in the throat for a venturi
tube) inserted in a straight pipe -through which flow
occurs, when any difference in height between the upstream
and downstream tappings has been takien into account.

The term “differential pressure” is. used only if the pressure
tappings are in the positions specified by this British
Standard for each standard primary device.

2.2.4 pressure ratio : the absolute static pressure at the
downstream pressure tapping, divided by that at the up-
stream pressure tapping.

2.3 Primary devjces : Definitions

2.3.1 orifice or throat: Opening of minimum cross-
sectional area in a primary device.

Standard primary device orifices are circular and coaxial
with the pipe-line.

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

Standard orifice plates are described as “thin plate” and
“with sharp square edge”, because the thickness of the
plate is small compared with the diameter of the measuring
section and because the upstream edge of the orifice is
sharp and square.

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

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

If the convergent inlet is a standardized ISA 1932 nozzle,
the device is called a *“venturi-nozzle”. If the convergent
inlet is conical, the device is called a “‘classical venturi tube”.
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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 measuring
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.

2.4 Flow : Definitions

24.1 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 necessary to state
explicitly whether the mass rate of flow, expressed in mass
per time unit, or the volume rate of flow, expressed in
volume per time unit, is being used.

2.4.2 Reynolds number

The Reynolds number used in this British Standard is
referred to :

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

U, D

vy

Rep

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

Re, = Rep xp™"

2.4.3 isentropic exponent

The isentropic exponent ¥ 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 and pressure,

There are many gases and vapours for which no values for k
have been published so far. In such a case, for the purpose
of this British Standard, the ratio of the specific heat
capacities of ideal gases may be used in place of the
isentropic exponent for the computation of the rate of
flow.

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

245 'velocity of approach factor

It isequal to:
E=(1-ph 222
. - /D4 —d4
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2.4.6 flow and discharge coefficients

Calibration of standard primary devices by means of
nominally incompressible fluids (liquids) 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 V2Apxp,

The numerical value of ¢ is the same for different instal-
lations, whenever such installations are geometrically similar
and the flows are characterized by the identical Reynolds
number,

o=

o
The ratio C =—E-is called the ““discharge coefficient"’,

The equations for the numerical values of & and of C given
in this British Standard were based on data determined
experimentally.

2.4.7 expansibility (expansion) factor

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

9m

%dz V2Apxp,

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 method adopted for representing these variations
consists in multiplying the flow coefficient a of the 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
defined by the relation :

Im

n
oz-li—d2 V2Apxp,

€ =

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

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
expanent.

The numerical values of € given in this British Standard
have been based on data determined experimentally.

2.4.8 roughness criterion
The roughness criterion Ra‘) equals the arithmetic mean
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deviation from the mean line of the profile being measured.
The mean line is such that the sum aof 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).

3 PRINCIPLE OF THE METHOD OF MEASUREMENT
AND COMPUTATION

3.1 Principle of the method of measurement

The principle of the method of measurement is based on
the insertion of a primary device (such as an orifice plate,
a nozzle or a venturi tube) into a pipe-line in which a
fluid is running full. The primary device causes a static
pressure difference between the upstream side and the
throat or downstream side of the device. The rate of flow
can be determined from the measured value of this pressure
difference and from a knowledge of the characteristics of
flowing fluid as well as the circumstances under which the
device is being used. It is assumed the device is geometrically
similar to one on which calibration has been made and that
the conditions of use are the same, i.e. that it is in
accordance with this British Standard.

The rate of flow can be determined since the mass rate
of flow is related to the pressure differential within the
uncertainty stated in this British Standard, by the following
formulae :

qm=oze"ztd2\/2Ap><,o1 o (1)

or

qm=CEe%d2\/2Apxp1 . (2)

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

q
qv=—pﬂ o (3)

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

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

In practice, in determining the diameter of a primary
element to be installed in a given pipe line, a or CE used
in the basic formulae {1) or (2) are, in general, not known.
Hence the following shall be selected a priori :

— the type of primary device to be used,

— a rate of flow and the corresponding value of the
differential pressure.

1) The roughness criterion used in this standard is that given in BS 1134,
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The related values of q,, and Ap shall then be inserted in
the basic formulae rewritten in the form below :

af?= 4 9m

enD2\/2Ap xp,

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

3.3 Computation of rate of flow

Computation of the rate of flow which is a purely arith-
metic process, is effected by replacing the different terms
on the right-hand side of the basic formulae (1) or (2) by
their numerical values taking into account the following :

a) a may be dependent on Re, which is itself dependent
on gp,. In such cases the final value of &, and hence of
G, is to be obtained by iteration from an initial chosen
value of -« (or Re). Generally it may be convenient to
adopt the value of a at a Reynolds number of 108 as the
starting point.

b} Ap represents the differential pressure, as defined
under 2.2.3.

c) d and D in the formulae, are the values of the
diameters at operating conditions; measurements taken
at ambient conditions shall be corrected for any possible
expansion or contraction of the primary device and the
pipe due to the values of fluid temperature and pressure
during the measurement.

d) It is necessary to know the mass density and the
viscosity of the fluid under the. conditions of the
measurement.

3.4 Determination of mass density

The mass density of the fluid is required to be known at
the plane of the upstream pressure tapping; it can either
be measured directly or calculated from the knowledge
of static pressure, temperature and characteristics of the
fluid at this plane.

3.4.1 The static pressure of the fluid shall be measured
in the plane of the upstream pressure tapping, by means
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of an individual pipe-wall pressure tapping (as described
in 7.2.1) or by means of a carrier ring tapping (as describe
in7.2.4). .

3.4.1.1 The 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 permissible to link simultaneously one
upstream pressure tapping with a differential pressure
measuring device and a static pressure measuring device,
provided it is verified that this double connection does
not lead to any distortion of the differential pressure
measurement.

3.4.1.2 The static pressure value to be used in subsequent
computations is that existing at the level of the centre of
the upstream measured cross-section, which may differ
from the pressure measured at the wall.

3.4.2 Although the temperature of the fluid from which
the density and viscosity are calculated is that measured in
the upstream pressure tappings plane, the temperature of
the fluid shall preferably be measured downstream of the
primary device, and the thermometer well or pocket shall
take up as little space as possible, The distance between
it and the primary device shall be at least equal to 5 D if
the pocket is located downstream, and in accordance with
the last two lines of table 3 if the pocket is located
upstream.

If the measured fluid is a gas, its upstream temperature
may be calculated from the temperature measured on the
downstream side when assuming an isentropic expansion
through the primary device.

3.4.3 Any method of determining reliable values of mass
density, static pressure, temperature and viscosity is accept-
able if it does not interfere with the distribution of flow
in any way.

3.4.4 The temperature of the primary device and that of
the fluid upstream of the primary device are assumed to be
the same (see 6.1.9).
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4 SELECTION OF THE PRIMARY DEVICE

Table 2 gives criteria for the selection of the primary device to meet the required characteristics.

TABLE 2 — Selection criteria of the type of primary device

Characteristics

E . . .
to be considered actors to ba considered in selection

For each primary device, there exist limiting values of the internal pipe diameter, the diameter ratio §
and the flow Reynolds number.

If the chosen value of the differential pressure and flow-rate are such that the value of g for an orifice
plate exceeds the permissible limit, it may be possible to use a nozzle since it results in a lower g value
for the same conditions.

Pipe diameter
Diameter ratio
Reynolds number

Pressure loss For the same pressure difference, pressure losses are 4 to 6 times lower for classical venturi tubes and

venturi nozzles than for orifice plates and nozzles.

Straight lengths to be provided
upstream and downstream

Classical venturi tubes require smaller pipe straight lengths than orifice plates, nozzles and venturi
nozzles.

The required distance between flanges to mount the device into the pipe is significant for classical
venturi tubes and venturi nozzles.

Overall dimensions

Cost and manufacture

Type of fiuid With abrasive or corrosive fluids, the coefficients of orifice plates may change steadily with time 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 be less.

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

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

5 GENERAL REQUIREMENTS FOR THE
MEASUREMENTS

It is necessary to ensure that all the following requirements,
some of which are explained in detail in the following
sections, are completely fulfilled during the period of
measurement.

5.1 Primary device

5.1.1 The primary device shall be manufactured, installed
and used in accordance with this British Standard.

When the manufacturing characteristics and conditions of
use of the primary devices are outside the limits given in
this British 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 shall be checked
after each measurement or after each series of measurements
or at intervals close enough to each other so that the con-
formity with this British Standard is maintained.

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

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 British Standard.

5.1.3 The primary device shall be manufactured from
material the coefficient of expansion of which is known.

5.2 Type of fluid

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.

65.23 To carry out the measurement, it is necessary to
know the density and viscosity of the fluid under the
conditions of measurement.
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5.3 Flow conditions

5.3.1 The rate of flow shall be constant or, in practice,
vary oniy slightly and slowly with time. This British
Standard does not provide for the measurement of pulsat-
ing flow.?

5.3.2 The flow of fluid through the primary device shall
not cause any change of phase. To determine whether or
not there is a change of phase, the computation of flow
shall be carried out on the assumption that the expansion
is isentropic if the fluid is a gas, or isothermal if the fluid
is a liquid.

5.3.3 If the fluid is a gas, the pressure ratio as defined
in 2.2.4 shall be equal to or greater than 0,75.

6 INSTALLATION REQUIREMENTS
6.1 General

6.1.1 The method of measurement applies only to fluids
flowing through a pipe-line of circular cross-section.

6.1.2 The pipe shall run full at the measuring section.

6.1.3 The primary device shall be installed in the pipe-line
at a position such that the flow conditions immediately
upstream approach those of a fully developed profile and
are free from swirl (see 6.4). Such conditions may be
expected to exist if the installation complies with the
requirements given in this clause. ’

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 obstruction or branch
connection {whether or not there is flow into or out of
such connections during measurement) other than those
specified in this British Standard.

The pipe is considered straight when it appears so by
visual inspection. The required 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 the diameter ratio. They are specified in tables 3
and 4.

6.1.5 The values for the pipe diameter D to be used in the
computation of the diameter ratio shall be the mean of the
internal diameters over a length of 0,6 D upstream of the
upstream pressure tapping. This internal mean diameter
shall be the arithmetic mean of measurements at four
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diameters at least, dist ibuted in each of at least three
cross sections themselves distributed over a length of 0,6 D,
two of these sections being at distances 0 D and 0,5 D from
the upstream tapping. If there is a carrier ring (figure 4 a)
this value of 0,5 Dis 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 by mere visual
inspection. The circularity of the outside of the pipe may
be taken as a guide, except in the immediate vicinity of the
primary device where special requirements shall apply
according to the type of primary device used (see 6.5.1 and
6.6.1).

6.1.7 The internal diameter D of the measuring pipe shall
comply with the values given for each type of primary
device,

6.1.8 The inside surface of the measuring pipe shall be
clean, free from pitting and deposit and encrustations 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 pipe flanges shall be
lagged. It is, however, unnecessary to lag the pipe when the
temperature of the fluid, between the inlet of the minimum
straight length of the upstream pipe and the outlet of the
straight length of the downstream pipe, does not exceed
any limiting value for the accuracy of flow measurement
required.

6.2 Minimum upstream and downstream straight lengths
required for installation between various fittings and the
primary device

6.2.1 The minimum straight lengths are given in tables 3
and 4.

6.2.2 The straight lengths given in tables 3 and 4 are
minimum values, and straight lengths longer than those
indicated are always recommended. For research work
especially at least double the upstream values given in tables 3
and 4 are recommended for “‘zero additional uncertainty’’.

6.23 When the straight fengths are longer than or equal to
th2 values given in tables 3 and 4 for “zero additional
uncertainty"Z), 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 1SO 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” values2!, as given in tables 3 and 4, an additional
deviation of *0,6 % shall be added arithmetically to the
uncertainty on the flow coefficient.

6.2.5 If the straight lengths are shorter than ““the £ 0,5 %
additional uncertainty’’ values? given in tables 3 and 4,
this British Standard gives no information by which to
predict the value of any further uncertainty to be taken
into account; this is also the case when the upstream AND
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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 of flow be effected
by valves located downstream of the primary device. Isolat-
ing 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 if pairs of single tappings are used they
be installed so that their axis will be 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 device itself.

The unbracketed values are ‘‘zero additional uncertainty’’ values {see 6.2.3).

The bracketed values are “+ 0,6 % additional uncertainty” values {see 6.2.4).

All straight lengths are expressed as multiples of the diameter D. They shall be measured from the upstream face of the

primary device.

Down-
Upstream (inlet) side of the primary davice stream
{outlet) side
Single 90° Two or Two or more Reducer Expander | fitti
g bend or tee 90° bo MOre 1 90° bends in | (2D toD over | (0,50 to D Globe valve Gate valve _A' f'"'"%’s
(flow from one ends in different alength of over a length full n fult included in
the same plane g era leng v ope utly open this table
branch only) planes 15D0t03D) {of 1D to2D)
<0,20 10 (6) 14 (7) 34 (17) 5 16 (8) 18 (9) 12 (6) 4 (2)
0,25 10 (8) 14 (7) 34 (17) 5 16 (8) 18 (9) 12 (6) 4(2)
0,30 10 {6) 16 (8) 34 (17) 5 16 (8) 18 (9) 12 (6) 5 (2,5)
0,35 12 (6) 16 (8) 36 (18) 5 16 (8) 18 (9) 12 (6) 5 (2,6)
0,40 14 (7) 18 (9) 36 (18) 5 16 (8) 20 (10} 12 {6) 6 {3)
0,45 14 (7) 18 {(9) 38 (19) 6 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)
0,65 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 (156) 32 (16) 20 (10} 7 (3,5)
0,76 36 (18) 42 (21) 70 (35) 22 (1) 38 (19) 36 (18) 24 (12) 8 (4)
0,80 46 (23) 50 (25) 80 (40) 30 (15) 54 (27) 44 (22) 30 (15) 8 (4)
eess inimum u i
e e .
For all Abrupt symmetrical reduction having a diameter ratio > 0,6 30 (15)
Bvalues
Thermometer pocket or well of diameter < 0,03 D 6 (3)
Thermometer pocket or well of diameter between 0,03 O 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 upstream straight lengths for classical venturi tubgs,-

Minimum straight lengths required between various fittings located upstream of the classical 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 £ 0,6 %'’ (see 6.2.4).

All straight lengths are expressed as multiples of diameter D. They shall be measured from the pressure 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 < 1073).

Downstream straight lengths, Fittings or other disturbances (as indicated in table 4) situated at least four throat diameters
downstream of the throat pressure tapping plane do not affect the accuracy of the measurement.

Single 90° short Two or more 90° | Two o.r mf)re 90° | Reducer3 D to D | Expander 0,76 D Gate valve
Diameter ratio radius bend1) bends in the bends in different over a length to D over a length fully open
same planel} planest) 2} of 36D of D
0,30 0,53 1.5 (0,5) (0,5) 0,53 1,5 (0,5) 1.5 (0,5)
0,35 0,53 1,6 (0,5) {0,5) 1,5 (0,5) 1,5 (0,5) 2,5 (0,5)
0,40 0,63) 1.6 (0,5) (0.5) 2,5 (0,5) 1,6 (0,6) 2,5 (1,5)
. 0,45 1,0 (0,5) 1,5 (0,5) (0.5) 4,5 (0,5) 2,5 (1,0} 3,5 {1,5)
0,50 1,5 (0,5) 2,5 (1,5) (8,5) 5,6 (0,5) 2,5 (1,5) 3,6 (1,56)
0,55 2,5 (0,5) 2,6 (1,8) (12,5) 6,5 (0,5) 3,6 (1,5) 4,5 (2,6)
0,60 3,0 (1,0 3,5 (2,5) (17,5) 8,6 (0,5) 3,5 (1,5) 4,56 (2,5)
0,65 4,0 (1,6) 4,5 {2,5) (23,5) 9,5 (1,5) 4,5 (2,5) 4,5 (2,6}
0,70 4,0 (2,0) 4,5 (2,5) (27,5) 10,5 (2,56) 5,5 (3,5) 5,5 (3,5)
0,75 4,5 (3,0) 4,5 (3,6) (29,5) 11,6 (3,5) 6,5 (4,5) 5,6 (3,6)

1) The radius of curvature of the bend shall be equal to or greater than the pipe diameter.
2} As the effect of these fittings may still be present after 40 D, no unbracketed values can be given in the table.

3) Since no fitting can be placed closer than 0,6 D to the upstream pressure tapping in the venturi tube, the “zero additional uncertainty”
value is the only one applicable in this distance.

NOTE — The reasons for which the minimum straight lengths required for classical venturi tubes are less than those defined in tabie 3 for
orifice plates, nozzles and venturi nozzles, include the following :

a) they are derived from different experimental results and different correlation approaches;

b} the 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 identical diameter ratios, the minimum straight lengths upstream of the classical venturi tube may be less than
those required for orifice plates, nozzles and venturi nozzles.

’ 6.2.8 The values given in tables 3 and 4 were obtained in series upstream from the primary device, the
experimentally with a very long straight length upstream following rule shall be applied : between the closest

of the particular fitting in question and so it could be fitting (1) to the primary device and the primary device

assumed that the flow upstream the disturbance was virtually itself, there shall be a minimum straight length such as is

fully developed and swirl-free. As in practice such conditions indicated for the fitting (1) in question and the actual

are not realizable, the following information may be used values of 8 in tables 3 and 4. But, in addition, between

as a guide for normal installation practice. this fitting (1) and the preceding one (2}, there shall be

a straight length 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

a) [f 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) f several fittings other than 90° bends®’ are placed

~ 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,

If one of the minimum straight lengths so adopted is a
bracketed one, a £ 0,5 % addifional 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,

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

9



BSI BS*1042 PT1
BS 1042 : Section 1.1 : 1981

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
straightener ‘does not introduce any additional uncertainty
to the flow coefficient uncertainty.

SEC*1.1 81 WM Lb246L9 0138878 H -7

6.3.1 [nstallation

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

Type A : “’Zanker’ straightener

FIGURE 1 — Straighteners
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Type B : “Sprenkle” straightener

Section A-A
I

d<020D

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 fend)

1
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6.3.2 Types of straightening devices

The three standardized types of straighteners, A, B and C
are shown in figure 1. It should be noted that these devices
create a pressure loss which

2

pU)
2 ’

in the case of type A is approximately 5(

. . . 1%
in the case of type B is approximately 15 T .

2

U)-

and in the case of type C is approximately 5<p7

6.3.2.1 Tvyee A: ZANKER STRAIGHTENER

This straightener 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 of minimum thickness
yet provide adequate strength.

6.3.2.2 Tvre B:SPRENKLE STRAIGHTENER

This straightener consists of three perforated plates in series
with a length equal to one pipe diameter between successive
plates. The perforations should preferably be chamfered on
the upstream side, 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 plates shall be held together by bars or studs,
which shall be located around the periphery of the pipe
bore, and which shall be of as small a diameter as possible,
consistent with providing the required strength.

6.3.2.3 TvyrPe C:TuBE BUNDLE STRAIGHTENER

This type of straightener consist of a number of parallel
tubes fixed together and held rigidly in the pipe. It is
important in this case to ensure that the various tubes are
parallel with each other and with the pipe axis since, if this
requirement is not complied with, the straightener itself
might introduce disturbances into the flow,

There shall be at least 19 tubes. Their length shall be more
or equal to 20 d. The tubes shall be joined together and the
bundie 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 British Standard still
remains valid if the flow conditions immediately upstream
of the primary device comply with the requirements of 6.1.3.

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

12
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Acceptable velocity profile conditions can be presumed to
exist when at each pojint across the pipe cross-section the
ratio of the local axial velocity to the maximum axial
velocity at the cross-section agrees to within + 6 % with
that which would be obtainable 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 installation reguirements for
orifice plates, nozzles and venturi nozzles

6.5.1 Circularity of the pipe

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

6.5.1.1 The length of the upstream pipe section adjacent
to the primary device (or to the carrier ring if there is one)
shall be at least 2 D and cylindrical. The pipe is said to be
cylindrical when no diameter in any plane differs by more
than 0,3 % from the value of D obtained as a mean 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 upstream fitting or disturbance can be made up of one
or more sections of pipe.

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

6.5.1.3 An additional uncertainty of £ 0,2 % shall be added
arithmetically to the uncertainty for the flow coefficient, if
the step h between any two sections exceeds the limits
given in 6.5.1.2, but complies with the following relation-
ships :

s
—+04
h D
-<0,002 \ —
D. 0,1+238*
and
h
B‘ < 0,05

whera s is the distance of the step from the upstream
pressure tapping or carrier ring respectively.

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

6.5.1.8 No diameter of the downstream straight length,
considered along a length of at least 2D 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.




6.5.2 Drain holes and vent holes

The pipe can be provided with vent holes and drain holes
for the removal of solid deposits and fluids, other than the
measured fluid, However, there shall be no flow through
these drain holes and vent holes whilst 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
distance, measured on a straight line, from one of these
holes to a pressure tapping of the primary device placed on
the same side of this primary device, is always greater than
0,5 D. Furthermore, the centre-line of the drain hole or
vent hole shall be situated in an axial sector of the pipe
which does 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
direction” on the figures).

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

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

0,0005 D
0,1+23p4
0,0005 D 0,005 D .
T m e, \(),1"‘—2,334-' an additional error of

* 0,3 % shall be added arithmetically to the uncertainty on
the flow coefficient a. T

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.
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6.5.4.2 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. The gaskets shall be not 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.

6.6 Additional specific installation requirements for
classical venturi tubes

6.6.1 Circularity of the pipe

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

6.6.1.1 Over 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 withinx 1% of the
classical venturi tube entrance cylinder diameter. Moreover,

‘no single diameter of this inlet pipe section shall differ from
‘the mean of the measured diameters by more than £2 %

for a distance of two pipe diameters preceding 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 end of the venturi
tube divergent. This means that, in most cases, pipes having
the same nominal bore as that of the venturi tube may be .
used.

6.6.2 Roughness of the upstream pipe

The upstream pipe shall have a roughness of k/D < 1073
on a length 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-line 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 5 D.
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6.6.4 Drain holes and vent holes

The pipe can be provided with vent holes and drain holes
for the removal of solid deposits and fluids, other than the
measured fluid. However, there shall be no flow through
these drain holes and vent holes whilst flow measurement
is in progress.

7 ORIFICE PLATES

The various types of standard orifice plates are similar and
therefore need oply the one description. Each type of
standard orifice plate Is characterized by the arrangement
of pressure tappings.

The description given in 7.1 shall apply to orifice plates
under operating conditions.

7.1 Description

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

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

7.1.1 General shape

7.1.1.1 The part of the plate inside the pipe shall be
circular and concentric with the pipe centre-line. The faces
of this plate shall always be flat and paraliel.

7.1.1.2 Unless otherwise stated, the remainder of 7.1
applies only to that part of the plate located within the
pipe.

7.1.1.3 Care shall be taken in the design of the orifice
plate to ensure that the plastic buckling and elastic defor-
mation of the plate, due to the magnitude of the differential
pressure or of any other stress does not cause the flatness
limit given below to be exceeded.

7.1.2 Upstream face A

7.1.2,1 The upstream face of the plate A shall be flat. It
is considered as such when the slope of a straight line
connecting any two points of its surface in relation to a
plane perpendicular to the centre-line is less than 1%,
ignoring the inevitable local defects of the surface which
are invisible to the naked eye.

7.1.2.2 The upstream face of the orifice plate shall have a
roughness criterion Ra<10'4d within a circle whose
diameter is not less than 1,6d and which is concentric
with 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.

7.1.3.2 It is unnecessary to provide the same quality of
surface finish for the downstream face as for the upstream
face.

7.1.3.3 The flatness and surface condition of the down-
stream face can be judged by mere visual inspection.

Thickness £ of the plate
D e e

Upstream face A ——s{ ~ l-=—— Downstream face B

1
/I/
/
4
e
/
7

A
5
g /‘?}_ &
SN

-~

et

Thickness e of the orifice

Axial centre-line

Q ©
<l ©-
H _____»
Direction of flow
~
- Downstream edges H and |
L
Upstream
edge G - o
A
[ /]

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 e measured at any point on the
orifice shall not differ among themselves by more than
0,001 D.

7.1.4.3 The thickness £ of the plate shall be between e
and 0,05 D.

7.1.4.4 The values of £ measured at any point of the plate
shall not differ among themselves by more than 0,001 D.

7.1.5 Angle of bevel F

7.1.5.1 If the thickness £ of the plate exceeds the thick-
ness e of the orifice, the plate shall be beveiled on the
downstream side. The bevelled surface shall be well finished
(see 7.1.2.2).

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

7.1.6 Edges G, Hand |

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

7.1.6.2 The upstream edge G shall be sharp. It is
considered so if the edge radius is not greater than
0,00044d.

If d = 125 mm this requirement may generally be considered
as satisfied by mere visual inspection, checking that the
edge does not seem to reflect a beam of light when viewed
by the naked eye.

If d < 125 mm visual inspection is not sufficient but this
requirement can generally be considered as satisfied when
the upstream face of the orifice plate is finished by a very
fine radial cut from the centre outwards {see 7.1.9.2),

However if there is any doubt as to whether this require-
ment is satisfied, the edge radius shall be measured.

7.1.7 Diameter of orifice d

7.1.7.1 The diameter d shall be equal to or greater than
12,5 mm. The ratio 8 = 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 8 is chosen by the user
to define an orifice plate of a given type.

15
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7.1.7.2 The value d of the diameter of the orifice shali 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 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
circularity of an orifice bore within the accuracy required
without it being necessary to measure the mean diameter
of the orifice bore itself.

7.1.8 Symmetrical plates

7.1.8.1 |f the orifice plate is intended to be used-for
measuring reverse flows, ~ '

— the plate shall not be bevelled;

— the two faces shall be as specified for the upstream
face in 7.1.2;

— the thickness £ 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 as specified for
the upstream edge in 7.1.6.

7.1.8.2 Furthermore (see 7.2), for orifice plates with D
and D/2 tappings, two sets of upstream and downstream
pressure taps should be arranged and used alternatively,

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 remains in accordance
with the foregoing description during the flow measure-
ments.

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

7.1.9.2 The machining required to obtain a plate conform-
ing to the description of this British. 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
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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 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.

7.2.1.2 - At the point of break-through the hole shall be
circular. The edges shall be flush with the internal surface
of the pipe wall and as sharp as possible. To ensure the
elimination of all burrs or wire edges at the inner edge,
rounding shall be permitted but shall be kept as small as
possible and where it can be measured its radius shall be
less than 1/10th of the pressure tapping diameter. No
irregularity 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 Subclauses can be judged by mere visual
inspection.

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

7.2.1.5 The pressure tappings shall be cylindrical over a
length at least 2,6 times the diameter of the tapping,
measured from the inner wall of the pipe-line.

7.2.2 Angular position of pressure tappings, other than
corner tappings

7.2.2.1 The centre-lines of the pressure tappings may be
located in any axial plane of the pipe-line subject to the
comment made 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 axial
planes (see also 6.2.7).

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 has to be taken
of the thickness of the gaskets and/or sealing material,
which may be used.

7.2.3.2 The position of the pressure tappings characterizes
the type of standard orifice plate.

7.2.3.3 The position of corner tappings is described under
7.24.

7.2.34 OrIFicE PLATE WITH D AND D/2 TAPPINGS
(see figure 3)

The spacing I, of the upstream pressure tapping is
nominally equal to D, but may be between 0,9 D and 1,1 D
without modification of the flow coefficient.

The spacing [, of the downstream pressure tapping is
nominally equal to 0,5 D, but may be between following
values without modification of the flow coefficient :

between 0,48 D and 0,52 D when < 0,6
between 0,49 D and 0,51 D when 8> 0,6

Both l1 and [, spacings are measured from the UPSTREAM
face of the orifice plate.

7.235 ORIFICE PLATE WITH FLANGE TAPPINGS
{see tigure 3)

The spacing /, of the upstream pressure tapping is nomin-
ally 254 mm and is measured from the UPSTREAM face
of the orifice plate.

The spacing 1'2 of the downstream pressure tapping is
nominally 254 mm and is measured from the DOWN-
STREAM face of the orifice plate.

These upstream and downstream spacings /; and 1'2 may
be between the following values without modification of
the flow coefficient :

254 t 0,5 mm when, simultaneously, 8 > 0,6 and
58 mm <D <150 mm

25,4 = 1 mm when $ < 0,6
or3>0,6 but 50 mm < D <58 mm
or > 0,6 but 150 mm < D <760 mm

7.2.4 Orifice plate with corner tappings (see figure 4)

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).

7.2.4.2 The pressure tappings may be either single tappings
or annular slots. 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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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 accidentat
blockage and satisfactory performance.

Clean fluids and steam
For$<0,65:0,006 D<a<0,03D
Forf>065:001D0<a<0,02D
For any values of §
For clean fluids : 1 mm <a <10 mm
For steam with annular chambers ; 1 mm <a < 10 mm

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

7.2.4.4 The annular slots usually break through the pipe.

over the entire perimeter, with no break in continuity. If
not, each chamber shall connect with the inside of the pipe
by at least four openings, the axes of which are at equal
angles to one another and the individual opening area of
each is at least 12 mm2,

7245 If individual pressure tappings, as shown in
figure 4 b)), are used, the centre-line of the tappings shall
cross the centre-line of the pipe at as near an angle of
90° as possible.

If there are several individual pressure tappings for the same
upstream or downstream axial plane, their centre-lines shall
form equal angles with each other. The diameters of
individual pressure tappings are given in 7,2.4.3.

The pressure tappings shall be cylindrical over a length at
least 2,5 times the diameter of the tappings, measured from Corner taps Flange taps | D and D/2 taps
-‘the inner wall of the pipe-line. d (mm) >125 >125 > 125
D {mm) | 50< D <1000 50< D <760 50< D <760
7.2.4.6 The inner diameter b of the carrier rings shall be g 023<$<080 { 02<6<0,75 | 02<8<0,75
equal to or greater than the diameter D of the pipe to Rep |5000< Rep >1260820" | >1260p820"
ensure that they do not protrude into the pipe. The follow- < 108 for 0,23 < 108 < 108
ing relation shall be fulfilled : < g < 0,45
- 10 000 < Rep
b Dxixu)og_il___ < 108 for 0,45
D "D 0,1+23p <B<0,77
The lengths ¢ and ¢' of the upstream and downstream rings 20 0%0 < Rep
R < 10° for 0,77
{figure 4) shall not be greater than 0,5 D. <8<0,80

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

D<bh<1,04D
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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 # shall be greater than or equal
to half the total area of the opening connecting this
chamber to the inside of the pipe.

7.2.4.7 All surfaces of the ring which can be in contact
with the measured fluid shall be clean and have a good
machined finish.

7.2.4.8 The pressure tappings connecting the annular
chambers to the secondary devices are pipe-wall tappings,
circular at the point of breakthrough and with diameters f
between 4 and 10 mm. (See 7.2.1.2.)

7.2.4.9 The upstream and downstream carrier rings are not
necessarily symmetrical in relation to each other, but they
shall both comply with the foregoing requirements.

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 carrier ring being
regarded as part of the primary device. This also applies to
the length requirement given in 6.5.1.3 so that the length s
is to be taken from the upstream edge of the recess formed
by the carrier ring.

7.3 Coefficients and corresponding uncertainties of orifice
plates

7.3.1 Limits of use

The types of orifice plates specified shall only be used in
accordance with this British Standard when :

1) Where D is expressed in millimetres.

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

8 <03 032034 036|038 | 04 | 045 | 05 0.6 0.7 0,8
Corner taps 104 k/D 25 18,1 12,9 10,0 8.3 7.1 6,6 4.9 4,2 4,0 3,9
Flange taps and D and D/2 taps 104k/p| 25 18,1 | 12,9 10 10 10 10 10 10 10 10
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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.

Most of the experiments on which the values of C given in
the present British Standard are based, were carried out in
pipes with a relative roughness k/D < 3,8 x 10 as regards
corner tappings, or k/D < 10 x 10™* as regards D and
D/2 or flange tappings.

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

7.3.2 Coefficients
7.3.2.1 DISCHARGE COEFFICIENT

The discharge coefficient C is given by the Stolz equation :

C=10,5959 +0,031242.1-0,184 008 +

0,75
+ 0,002 9 32.5 1—06 +
Rep 7

+0,0000L, % (1-64) ' —0,0337 L, 3

NOTE —When L4 > 0.039 0 (=0,4333) 0,039 0 f
— n =z —— (=
1 0,090 0 K , use 0, or

coefficient of g4 (1 — g3~ 1.
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In this equation :
C is the discharge coefficient;
B is the diameter ratio, 8 = d/D;

Rep s 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;

L'2 = I'_{.Z/D is the quotient of the distance of downstream
tapping from the DOWNSTREAM face of the plate, divided
by the pipe diameter. (The notation L'2 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'2 to be entered in the equation,
when the spacings are in accordance with the conditions of
clauses 7.2.4 or 7.2.3.4 or 7.2.3.5 are as follows :

— for corner tappings :

Ly=Ly=0

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

(since L, is always > 0,433 3 ... a value of 0,039 0
will always be used for coefficient of 8% (1 - g*)?)

— for flange tappings
L, = L'2 = 25,4/D (D in millimetres)

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

Material Condition k, mm
brass, copper,
aluminium, émooth, without sediments < 0,03
plastics, glass
new, seamless cold drawn < 0,03
new, seamless hot drawn
new, seamless rolled } 0,05 to 0,10
new, welded longitudinally
new, welded spirally 0,10
steel slightly rusted 0,10 t0 0,20
rusty 0,20 t0 0,30
encrusted 0,60 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 10t0 1,56
encrusted >15
bituminized, new 0,03 to 0,05
asbestos cement insulated 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
g4 (1—p4)-1)

This formula is to be used only for the tappings arrange-
ments defined in sub-clauses 7.2.3.4 or 7.2.36 or 7.2.4. In
particular, it is not permitted to enter into the equation
pairs of values of L, and L', which do not-match one of
the three standardized tappings arrangements.

This formula is valid and so are the uncertainties as given
hereunder, when the measurement matches all the limits
stated in 7.3.1, and the general installation requirements
as stated in clause 6.

7.3.2.2 EXPANSIBILITY {EXPANSION) FACTOR

For the three tappings arrangements, the empirical formula
for computing the expansibility (expansion) factor is as
fallows : .

Ap
e=1-{0,41+0,353%)——

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

Test results for the determination of € are known for air,
steam and natural gas only. However, there is no known
objection to using the same formula for other gases and
vapours the isentropic exponent of which is known.

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

7.3.3 Uncertainties

7.3.3.1 UNCERTAINTY OF DISCHARGE COEFFICIENT

When 3, D, Rep and k/D are assumed to be known without
error, the percentage uncertainty of the vatue of C is equal
to .

Corner taps Flange taps | D and D/2 taps
<06 06 % 0,6 % 0,6%
06<8<0,8 8% - -
06<38<0,75 - 8% B %

7.3.3.2 UNCERTAINTY OF EXPANSIBILITY
(EXPANSION FACTOR)

Ap
When 8, — and k are assumed to be known without error,

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

Ap
+4—% when$<0,75
Py

Ap
+8——% when 0,756 < < 0,8 {corner taps only)
P, :
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7.3.3.3 Tables 10 to 29 which show the values of C
and & as functions of 8, Re and D are given for convenience,
They are not intended for precise interpolation. Extra-
polation is not permitted. )

7.4 Pressure loss Aw

The pressure loss, Aw, for the orifice plates described in
this British Standard is approximately related to the
differential pressure Ap by the equation,

_ 1-ap?
ox——/
14+ af?

This pressure loss is the difference in static pressure
between a wall pressure measured on the upstream side of
the primary device where the influence of the approach
impact pressure adjacent to the plate becomes negligible
and that measured on the downstream side of the device
where the static pressure recovery by expansion of the jet
may be considered as just completed.

8 NOZZLES

Thete are two types of standard nozzles :
— ISA 1932 nozzles, and
— long radius nozzle,

which are different and are described separately.

8.1 [SA 1932 nozzie

Figure 5 shows the section of an ISA 1932 nozzle at a plane
passing through the centre-line of the throat.

The letters in the following text are those shown on figure 5.

8.1.1 General shape

The part of the nozzle inside the pipe is circular, The nozzle
consists of a convergent portion, of rounded profile, and a
cylindrical throat,

8.1.2 Nozzle profile
8.1.2.1 The profile of the nozzle may be characterized by
describing :

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

— a convergent section defined by two arcs of
circumference, B and C,

— acylindrical throat E,
- a recess F which is required 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 revolution, with a diameter of 1,64,
and by the inside perimeter of the pipe, of a diameter D.
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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
figure 5 b), and 8.1.2.7).

8.1.2.3 The arc of circumference B is tangential to the flat
inlet part A, when d <2 D/3 while its radius R, is equal to
0,2d+ 10 % for $ <0,5;t0 0,2d +3 % for § 2 0,5 and its
centre is at 0,2 d from the inlet plane and at 0,75 d from
the axial centre-line,

8.1.2.4 The arc of circumference C is tangential to the
arc of circumference B and to the throat E. Its radius A,
is equal to d/3 £ 10 % for § < 0,5 and to d/3 +3 % for
8 = 0,5, lts centre is at d/2 + d/3 = 5 d/6 from the axial
centre-line and at

12 +/39

g=———d=03041d
60

from the flat inlet part A.

8.1.25 The throat E has a diameter d and a length
b=03d.

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

The throat shall be cylindrical. Any diameter of any cross-
section shall not 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 deviation from the mean,

Attention is called to the fact that it is possible to check
the circularity of the nozzle bore within the accuracy
required without it being necessary to measure the mean
diameter of nozzle bore itself.

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

c—d
of the height of the recess to its axial length shall not

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 length of the nozzle,
excluding the recess, as a function of 8.
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TABLE 7 — Total length of the nozzle (ISA 2932) related to §

Total length of the nozzle,
Values of § excluding the recess
i 2
0328 <-§ 0,604 1d
L
0,75 0,26 2
2<p<08 [0,4041+(—ﬁ—5—ﬁ——05225> :ld

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

Two diameters of the convergent inlet in the same plane
perpendicular to the axial centre-line shall not differ one
from the other by more than 0,1 % of their mean value.

8.1.2.9 The surface of the upstream face and the throat
shall have a roughness criterion R, < 1074 d.

8.1.3 Downstream face

8.1.3.1 The thickness H shall not exceed 0,1 D.

8.1.3.2 Apart from the above condition, the profile and
the surface finish of the downstream face are not specified
(see 8.1.1).

8.1.4 Material and manufacture

The equivalent details given in 7.1.8.1 and 7.1.9.2, apply,
to the manufacture of the ISA 1932 nozzle,

8.1.6 Pressure tappings

8.1.5.1 Corner pressure tappings shall be used upstream
of the nozzle.

8.1.5.2 The upstream corner tappings shall comply with
the requirements in 7.2.4.

8.1.5.3 The downstream pressure 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 shall be

< 0,15 D for $ < 0,67

and

<0,2D for > 0,67

8.1.6.4 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 British Standard when :

50 mm < D <500 mm

03<$<08
and Rep, is within following limits :

for 0,30 <$<0,44 70 000 < Rep, < 107

for 0,44 <f<0,80 20 000 < Rep, < 107

8.16.2 DISCHARGE COEFFICIENT

The discharge coefficient C is given by the following
formula :

C=0,9900-0,226 284! +

1,16
108 |
+[o,ooo 215-0,001 1258+ 0,002 49054'7][}?—]

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

Most of the experiments on which the above values of C are
based were carried out in pipes with a relative roughness
k/D<38x10"4, Pipes with higher relative roughness may
be used if the roughness of at least 10 D upstream of the
nozzle is within the limits given in table 8 (see 7.3.1 for
estimation of k/D).

8.1.6.3 EXPANSIBILITY (EXPANSION) FACTOR

The expansibility {expansion) factor, €, is calculated by
means of the following formuia :
1

2 Kk —1 2
KTk 1-84 —r X
e = g 1-7
2
k—1 1-p% 7% 1~1

This formula is applicable only for values of 8, D and Rep
as stated in 8.1.6.1. Test resuits for determination of ¢
are known for air, steam and natural gas only. However,
there is no known objection to using the same formula for
other gases and vapours the isentropic exponent of which is
known.

p
However, the formula is applicable only if—2 >0,75.
1

Table 34 which shows the corresponding values of the
expansibility factor for a range of isentropic exponents,
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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, Re and assuming that k/D is within
the prescribed limits, is equal to :

0.8% for$<0,6
(28~0,4)% for3>0,6

8.1.7.2 UNCERTAINTY OF EXPANSIBILITY
(EXPANSION) FACTOR €

The percentage uncertainty of € is equal to 2 -s—p%.
1
8.1.8 Pressure loss Aw
Clause 7.4 also applies to the pressure loss of ISA 1932
nozzles.
8.2 Long radius nozzles

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

— high-ratio nozzles (0,256 < < 0,8), and
— low-ratio nozzles {0,20 <$ < 0,5).

For 8 values between 0,26 and 0,5, either design may be
used.

Figure 6, shows the geometric shapes of long-radius nozzles
by taking planes passing through the throat centre-lines.

The reference letters used in the text are shown on the
figure.

Both types of nozzlies 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.

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

B <0,35 0,36 0,38 0,40 0,42 0,44

0,46 0.48 0,50 0,60 0,70 0,77 0.80

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

8,7 6,1 5,6 4,5 4,0 3,9 3.9
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FIGURE 6 — Long-radius nozzles
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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 one from the other by more than 0,1 % of
their mean value.

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

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

The throat shall be cylindrical. Any diameter of any cross-
section shall not differ by more than 0,06 % from the value
of the mean diameter. Measurement at a sufficient number
of cross-sections shall be made to determine that in no
circumstances is the throat divergent in the direction of
flow; it may be slightly convergent within the stated
uncertainty. The section nearest the outlet is particularly
important in this respect. 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 its deviation from the mean.

Attention is called to the fact that it 1s possible to 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 be 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 0,16 D. The thickness F of
the throat shall be between 3 and 13 mm.

8.2.1.6 The surface of the inner face shall have a
roughness criterion B, < 1074 d.

8.2.1.7 The shape of the downstream (outside) face is not
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
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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.

8.2.4 Pressure tappings

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

8.24.2 The position of the upstream tapping shall be at
1Dt 8? D, from the inlet face of the nozzle.

The centre-line of the downstream tapping shall be at
0,50 D £ 0,01 D from the inlet face of the nozzle with the
exception that it shall not in any case 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 LiMITsS OF USE

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

50 MM < D <630 mm
02<p<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 for both types of

* the long-radius nozzles when the tappings are in accordance

with 8.2.4.

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

106 ] 08
C =0,996 5 - 0,006 53 896 | —
Rep

When referring to Re-ynolds number at the throat Reg, it
becomes

0,5
108
C=0,996 50,006 563 | —
Rey

and, in this case, C is independent of the ratio .
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Tables 32 and 33, which show the corresponding values of
C or a as a function of 8, Rep and Re, are given for conve-
nience. They are not intended for precise interpolation;
extrapolation is not permitted.

8.25.3 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.

8.2.6 Uncertainties
8.2.6.1 UNCERTAINTY OF DISCHARGE

COEFFICIENTC

When § and Rey are assumed to be known without error,
the percentage uncertainty of the value of C is £ 2,0.% for
all vatues of 8 between 0,2 and 0,8.

8.2,6.2 UNCERTAINTY OF EXPANSIBILITY
(EXPANSION) FACTOR €

The relative uncertainty on € is equal to 2 Ap/p, % .

8.2.7 Pressure loss Aw

Clause 7.4 also applies to the pressure loss of long radius
nozzles.

9 VENTURI TUBES

There are two different types of venturi tubes :
— classical venturi tube,
— venturi nozzle,

They are described in 9.1. and 9.2.

9.1 Classical venturi tubes

9.1.1 Field of application

The range of use of the classical venturi tubes dealt with
in this British Standard depends on the way they are
manufactured.

Three types of standard classical venturi tubes are identified
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 SECTION

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 section similar to that of the sand
casting. The throat is machined and the junctions between
the cylinders and cones are rounded.
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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 ratios § between 0,3 and 0,75
inclusive,

9.1.1.2 CLASSICAL VENTURI TUBE WITH A MACHINED
CONVERGENT SECTION

This is defined as a classical venturi tube cast or fabricated
as above but in which the convergent section is machined,
as are the throat and entrance cylinder. The junctions
between the cylinders and cones may or may. not be
rounded.

These classical venturi tubes may be used in pipes in the
range of diameters between 50 mm and 250 mm and in
the range of diameter ratios § between 0,4 and 0,76
inclusive,

9.1.1.3 CLAssicAL VENTURI TUBE WI|TH A ROUGH
WELDED SHEET-IRON CONVERGENT SECTION

This classical venturi tube is normally fabricated by
welding. For the larger sizes it is not machined in any way,
but in the smaller sizes, has the throat machined.

These classical venturi tubes may be used in pipes in the
range of diameters between 200 mm and 1 200 mm and in
the range of diameter ratios § between 0,4 and 0,7 inclusive,

9.1.2 Geometric profile

Figure 7 shows a section passing through the centre-line
of the throat of a classical venturi tube. The letters are
for reference purposes.

The classical venturi tube is made up of an entrance cylinder
(A) connected to a conical convergent section (B), a
cylindrical throat {C) and a conical divergent section (E).
The internal surface of the device is a surface of revolution
and concentric with the pipe centre-line. The convergent
section and the cylindrical throat are considered as coaxial
by mere visual inspection.

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

The minimum cylinder length, measured from the plane
containing the intersection of cone frustum (B) with
cylinder (A), may vary as a result of the manufacturing
process {(see 9.1.2.7, 9.1.2.8, 9.1.2.9). It is however
recommended that it shall be equal to D.

The entrance cylinder diameter 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 tappings.
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Conical divergent section E

Flow direction

Cylindrical throat C

Ra

Connecting planes

Conical convergent section B

See 9.1.4.7

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
themselves.

9.1.2.2 The convergent section (B) shall be conical and
shall have an included angle of 21+ 1° for any type of
classical venturi tube. It 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) lor their prolongations).

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

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

The profile of the convergent section shall be checked by
means of a template. The deviation between the template
and the conical section of the convergent section shall not
exceed, in any place, 0,4 % of D.

The internal surface of the conical section of the convergent
section 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 0,4 %.

It shall be checked in the same way that the joining
curvature with aradius R, is a surface of revolution.

9.1.2.3 The throat (C) shall be cylindrical with a diameter
d, It is limited upstream by the plane containing the inter-
section of the 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 prolongations). The length of the throat (C),
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 section (B)
by a curvature of radius R, and to the divergent section
(E) by a curvature of radius R3. 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 vaiue of all these measure-
ments shall be taken as the value of d in the calculations.
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Diameters shall also be measured in planes other than the
plane of the pressure tappings.

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

The classical venturi tube shall be machined or be of
equivalent smoothness over the whole of its length to the
roughness level given in 9.1.2.6.

It shall be checked that the joining curvatures into the
throat with radii R, and A4 are surfaces of revolution as
described in 9.1.2.2. This requirement is satisfied when two
diameters, situated in the same plane perpendicular to the
axis of revolution, do not differ from the value of the mean
diameter by more than 0,1 %.

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

The deviation between the template and the classical
venturi tube shall evolve in a regular way for each curvature
so that the single maximum deviation that is measured
occurs at approximately mid-way along the template profile.
The value of this maximum deviation shall not exceed
0,024d.

9.1.2.4 The divergent section (E) shall be conical and can
have an included angle lying between 7 and 16°; it is how-
ever recommended that an angle between 7 and 8° be
chosen. Its smallest diameter shall not be less than the
throat diameter.

9.1.2.5 A classical venturi tube is called “truncated” when
the outlet diameter of the divergent section is less than the
diameter D and ‘“‘not truncated’”” when the outlet diameter
is equal to diameter D. The divergent section can be trun-
cated down by about 35 % of its length without greatly
modifying the pressure loss in the device.

9,1.2.6 The roughness criterion R, of the throat and that
of the adjacent curvature shall be less than 1075 d (see
5.1.2). The divergent section is roughcast. Its internal
surface shall be clean and smooth. The roughness of other
parts of the classical venturi tube depends on the type
considered.

9.1.2,7 CHARACTERISTICS OF THE PROFILE OF THE
CLASSICAL VENTURI TUBE WITH A ROUGH-CAST CONVER-

GENT SECTION

The minimum length of the entrance 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, irreguiarities
and impurities {with a roughness criterion R, less than
10~% D), i.e. of the same surface finish as the convergent
section B.
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The radius of curvature R,
(+ 20 %).

shall be equal to 1,375 D

The internal surface of the convergent section 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

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

The length of the cylindrical part of the throat shall be not
less than d/3. In addition, the length of the cylindrical
part lying between the end of the joining curvature R, and
the plane of the pressure tappings as well as the length of
the cylindrical part between the plane of the throat pressure
tappings and the beginning of the joining curvature A4
be not less than d/6 (see also 9.1.2.3 for the throat
length).

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

9.128 CHARACTERISTICS OF THE PROFILE OF THE
CLASSICAL VENTURI TUBE WITH A MACHINED
CONVERGENT SECTION

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

The radius of curvature R, shall be less than 0,256 D and
preferably equal to zero.

The radius of curvature R, shall be less than 0,26 d and
preferably equal to zero.

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

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

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

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

9.129 CHARACTERISTICS OF THE PROFILE OF THE
CLASSICAL VENTURI TUBE WITH A ROUGH WELDED
SHEET-IRON CONVERGENT SECTION

The minimum length of entrance cylinder (A) shall 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 resuiting from
the welding.

There shall be no joining curvature between the throat and
the divergent section.
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The internal surface of the entrance cylinder (A) and the
convergent section (B) shall be clean and free from
encrustation and welding deposits. It may be galvanized. Its
roughness criterion A 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

9.1.3.1 The classical venturi tube may be manufactured of
any material, provided it is in accordance with the foregoing
description and will remain so during use.

9.1.3.2 It is also recommended that the convergent section
(B} and the throat {(C) be joined as one part. It is recom-
mended that in the case of a classical venturi tube with a
machined convergent section, the throat and the convergent
section shall be manufactured from one piece of material.
If however they are made in two separate parts 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 in diameters between the two parts.

This can be established by touch before the classical venturi
tube is installed, but after the divergent section 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 never 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
viscosity and cleaness).

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 shall 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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9.1.45 The pressure tappings shall be cylindrical over a
length at least 2,6 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 visual
inspection,

9.1.4.7 The spacing of a pressure tapping is the distance,
measured on a straight line parallel to the centre-line of the
classical venturi tube, between the centre-line of the
pressure tapping and the reference planes defined below.

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

0,6 D £ 0,25 D for D between 100 mm and 150 mm,
and

06D D for D between 150 mm and 800 mm.

0
-0,25
For the classical venturi tubes with a machined convergent
section and for that with a rough welded sheet-iron conver-
gent, the spacing between the upstream pressure tappings
and the intersection plane of entrance cylinder (A) and

convergent section (B) (or their prolongations) shall be :

05D0+0,05D

For all types of classical venturi tube, the spacing between
the throat pressure tappings and the intersection plane of
conhvergent section (B} and throat (C) (or their prolongations)
shall be :

056d+0,02d

9.1.4.8 The area of the free cross-section of the annular
chamber of the pressure tappings shall be equal to or more
than half the total area of the tapping holes connecting
the chamber to the pipe.

It is recommended however that the chamber section given ]

above shall be doubled when the classical venturi tube is
used with a minimum upstream straight length from a
fitting causing non-symmetrical flows.

9.1.6 Discharge coefficient C

9,151 LimiTs oF use

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

The effects of Rep, k/D and B or C are not yet sufficiently
known for it to be possible to give reliable values of C
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outside the limits defined for each 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 SECTION

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

100 mm <D <800mm
03<pf <0,75
- 2x10% < Rep <2x10°

Under these conditions the value of the dlscharge coefficient
Cis:

C=0,984

9.1.6.3 DISCHARGE COEFFICIENT OF THE
CLASSICAL VENTURI TUBE WITH A MACHINED
CONVERGENT SECTION

Classical venturi tubes with a machined convergent section
can only be used in accordance with this British Standard
when :

50mm<D <250 mm
04<f <075
2 x10% <Rep <1x10°

Under these conditions the value of the discharge coefficient
Cis:

C=0,995

9.1.5.4 DISCHARGE COEFFICIENT OF THE
CLASSICAL VENTURI TUBE WITH A ROUGH WELDED
SHEET-IRON CONVERGENT SECTION ’

Classical venturi tubes with a rough welded sheet-iron
convergent section can only be used in accordance with
this British Standard when :

200mm<D <1200mm
04<p <07
2x10° <Rep <2x10°

Under these conditions the value of the discharge coefficient
Cis:

€ =0,985

9.1.6 Expansibility (expansion) factor €

The indications given in 8.1.6.3 also apply to the expansi-
bility factor for the different types of classical venturi
tubes, but within the limits of use of clauses 9.1.56.2 or
9.1.6.30r9.1.6.4.
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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 SECTION

The percentage uncertainty of the discharge coefficient as
given in 9.1.5.2 is equal to 0,7 %1}

9.1.7.2 CLASSICAL VENTURI TUBE WITH A MACHINED
CONVERGENT SECTION

The percentage uncertainty of the discharge coefficient as
given in 9.1.5.3 is equal to 1 %1}

9.1.7.3 CLASSICAL VENTURI TUBE WITH A ROUGH

WELDED SHEET-IRON CONVERGENT SECTION

The percentage uncertainty of the discharge coefficient as
given in 9.1.5.4 is equal to 1,5 %),

9.1.8 Uncertainty of the expansibility (expansion) factor e

The percentage uncertainty of € is equal to (4+ 10068)%0-%
1

9.1.9 Pressure Iosé

9.19.1 DEFINITION OF THE PRESSURE LOSS (see
figure 8)

The pressure 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 there is a given flow.

The value &£ =
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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"' i

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

Ap" - Apl

of the pressure loss related to the

differential pressure Ap depends in particular on :

: "ot
— the diameter ratio ( = il decreases when §
increases
"_ [
—~ the Reynolds number < = E—A—P;Ai decreases

when Rep increases

— the manufacturing characteristics of the venturi tub
angle of the divergent section, manufacturing of the col
vergent section, surface finish of the different parts, et
(£ increases when y and /D increases); .

~ the installation conditions (good alignment, rough-
nass of the upstream conduit, etc).

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

Annex C gives, for guidance only, some information on the
effect of these different factors on the values the pressure
loss £ is likely to have for classical venturi tubes.

>6D

oD

t |

— Pressure loss

—_—

o

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. It consists of a convergent portion, with a rounded
profile, a cylindrical throat and a divergent section.

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

The descriptions in 8.1.2.2, 8.1.2.3 and 8.1.2.4 apply
equally to venturi nozzles.

9.2.1.2 The throat (see figure 9) consists of a part (E) of
length 0,34d which is the same as for ISA 1932 nozzles
{figure ) and a part (E') of a length 0,4 d to 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 axial planes and at approximately even angles
to each other.

The throat shall be cylindrical. Any diameter of any cross-
section shall not 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 deviation from the mean.

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

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

The included angle of the divergent section, y, shall be
< 30°.

The length L of the divergent section has practically no
influence on the flow coefficient a. The included angle of
the divergent section, and hence the length, does influence,
however, the pressure loss.

9.2.1.4 The venturi nozzle can be truncated in the same
way as the classical venturi tube (see 9.1.2.5).

9.2.15 The internal surfaces of the venturi nozzles shall
have a roughness criterion R, < 1074 d (see 5.1.2).

9.2.2 -Material and manufacture

9.2.2.1 The venturi nozzle can 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.
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9.2.3 Pressure tappings

9.2.3.1 ANGULAR POSITION OF PRESSURE
TAPPINGS

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

9.23.2 UPSTREAM PRESSURE TAPPINGS

The upstream pressure tappings shall be corner tappings
identical with those of an ISA 1932 nozzle, as defined in
this British Standard in 7.2.4 (see also figures 9 and 10.)

9233 THROATPRESSURE TAPPINGS

Throat pressure tappings shall be single pressure tappings
leading into an annular chamber. Annular slots or
interrupted slots shall not be used.

There shall be at least four single pressure tappings; their
centre-lines shall make equal angles one to another, and lie
in the plane perpendicular to the centre-line of the venturi
nozzle, which is the imaginary border between the 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 single tappings in the throat of
venturi nozzles shall be less than or equal to 0,04 d and
moreover be between 2 and 10 mm,

9.2.4 - Coefficients

9.24.1 LIMITS OF USE

Venturi nozzles shall only be used in accordance with this
British Standard when :

66mm <D < 500 mm
d = 50mm

0316 <8 < 0,775
1,6 x 105 < Rep < 2x108

9.24.2 FLOW COEFFICIENT AND DISCHARGE
COEFFICIENT :

The discharge coefficient C is given by the formula :

€=0,9858-0,196 4.5

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 limits of 9.2.4.1, 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 1074, 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).

9.2.4.3 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 0f 9.2.4.1.

9.2.5 Uncertainties

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

¢D
a) truncated divergent section-
a<< 2 D - $2 da> 2 D
3 ¢d 3

L

¢d Y
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value of «, within the limits of the Reynolds numbers
shown in 9.2.4.1, is given by the formula :

{(12+15M%

9.25.2 UNCERTAINTY OF EXPANSIBILITY
(EXPANSION) FACTOR €

2.

The percentage uncertainty of ¢ is equal to {4+ 10088) 5
- 1

9.2.6 Pressure loss

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

b) not truncated divergent saction

/2
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sy f §; (C)
h N
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FIGURE 9 — Venturi nozzle FIGURE 10 — Carrier ring
TABLE 9 — Upper limits of relative roughness for venturi nozzles
B < 0,356 0,36 0,38 0,40 0,42 0,44 0,46 0,48 0,50 0,60 0,70 0,775
10% /D 25 18,6 13,86 10,6 8,7 7,5 6,7 6,1 5.6 4,5 4,0 3.9
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10 UNCERTAINTIES ON THE MEASUREMENT OF
FLOW-RATE

Reference shall be made to BS 5844, which gives useful
general information on this subject.

10.1 Definition of uncertainty

10.1.1 For the purpose of this British Standard the
uncertainty is defined as a range of values within which the
true value of the measurement is estimated to lie at the
95 % probability.

[n some cases, the confidence level which can be attached
to this range of values will be greater than 95 %, but this
will be so only where the value of a quantity used in the
calculation of flow-rate is known with a confidence level in
excess of 95%; in such a case, reference shall be made to
BS 5844.

10.1.2 The uncertainty on the measurement of the flow-
rate shall be calculated and given under this name whenever
a measurement is claimed to be in conformity with this

British Standard.

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

rate of flow =g * 3q
or rate of flow =g (1 t e)
or rate of flow = ¢ within (100€) %
where the uncertainty 8¢ shall have the same dimensions

asq whilee = %q and is non-dimensional.

10.1.4 The uncertainty of the flow measurement so
defined is equivalent to twice the standard deviation of
statistical terminology. Like the latter, it is obtained by
combining the partial uncertainties on the individual
quantities which are used in the calculation of the flow-
rate, assuming them to be small, numerous and independent
of each other. Although for one single measuring device and
for coefficients used in one test, some of these uncertainties
may in reality be the result of systematic errors (of which
only an estimation of their maximum absolute amount is
known) their combination is permitted as if they were
random errors having a distribution conforming to the
Laplace-Gauss normal law.

10.1.5 For convenience a distinction is made between the
uncertainties linked to measurements madé by the user and
those linked to quantities specified in this British Standard.
The latter uncertainties are on the flow coefficient 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.

SEC*1.1 81 WM lb24kLL9 0138902 & WA

10.2 Practical computation of the uncertainty

10.2.1 The basic formula of computation of the mass rate
of flow q,, is:

T
9m =ae-Zd2 V2 Ap xp,

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

For example, « is a function ofd, D, k, u,, v,

€ is a functionof d, D, Ap, py, K

10.2.1.1 However, it is sufficient, for most practical '

purposes, to assume that the uncertainties of €, Ap, and p,
are independent of each other and are also independent of
the uncertainties of @ and d.

10.2.1.2 A practical working formula for 8q,, may then
be derived, which takes account of the interdependence of
o, d and D which enters into the calculation as a conse-
quence of the dependence of a on B. 1t shall be noted
that o may also be dependent on the pipe diameter D,
as well as on the Reynolds number Rep. However, the
deviations of a due to these influences are of a second
order and are included in the uncertainty on a.

Similarly, the deviations of € which are due to uncertainties
in the value of B, the pressure ratio and the isentropic
exponent are also of a second order and are included in
the uncertainty on €.

10.2.1.3 The uncertainties which shall be included in a
practical working formula for 8q,, are therefore those of
the quantities &, ¢, d, D, Ap and p,.

10.2.2 The practical working formula for the uncertainty,
8q ., of the mass rate of flow is as follows :

<5a>2 (86>2 (54 >2 <ao>2

— +{—=) +a|—) |—] +

9 o € a D/ .
2\2 2 2 212
o d 4\ Ap 4\ p,

In the formula above some of the uncertainties, like those
on the flow and expansibility coefficients, are given in this
British Standard (see 10.2.2.1 and 10.2.2.2) while others

have to be determined by the user (see 10.2.2.3 and
10.2.2.4).

%am _

S é6cC
10.2.2.1 In the formula above, the values of—a— or of?-

be
and of—g shall be taken from the appropriate clauses of this

British Standard.
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10.2.2.2 When the straight lengths are such that an
additional uncertainty of £0,56% 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) shall be added in the same way.

10.2.2.3 In the formula above the maximum values of
8D/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,

35
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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 8D/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 8Ap/Ap and 8p,/p, shall be deter-
mined by the user because this British Standard does not
specify in detail the method of measurement of the
quantities Ap and p;.
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ANNEX A ‘

TABLES OF DISCHARGE AND FLOW COEFFICIENTS

TABLE 10 — Orifice plate with corner tappings; discharge coefficient C

Re
o 5 X103 104 2x10% | 3x10% | sx10% | 7x10% 10° 3x108 106 107

0,23 06012 | 05997 | 05987 | 05983 | 05980 | 0,5979 | 05977 | 05975 | 05974 | 05973
0,24 06018 | 06000 | 05990 | 05986 | 05982 | 05981 | 0,5979 | 0,5977 | 0,5975 | 0,5975
0,26 06031 | 06009 | 06996 | 05991 | 05987 | 05985 | 0,5983 | 0,5980 | 0,5978 | 0,597 8
0,28 06044 | 06019 | 06003 | 06997 | 05992 | 05989 | 05987 | 05983 | 0,5982 | 0,508 1
0,30 06060 | 06029 | 06011 | 06004 | 05997 | 05994 | 05992 | 05987 | 0,5983 | 0,598 4
0,32 06077 | 06040 | 06019 | 06011 | 06003 | 06000 | 05997 | 05991 | 05989 | 0,598 8 ,
0,34 0,6095 | 06063 | 0,6028 | 0,6018 | 0,6010 | 0,6005 | 0,6002 | 05996 | 0,5993 | 0,599 1 .
0,36 06115 | 06066 | 06037 | 06026 | 06016 | 06012 | 06008 | 06001 | 0,5997 | 0,599 5
0,38 06136 | 06081 | 06048 | 06036 | 06024 | 06018 | 0,6014 | 0,6005 | 0,6002 | 0,6000
0,40 0615 9 | 06096 | 06059 | 06044 | 0,6031 | 06025 | 0,6020 | 0,6011 | 0,6006 | 0,600 4
0,42 06184 | 06113 | 06070 | 0,6054 | 06039 | 06032 | 06026 | 0,6016 | 0,6011 | 0,6008
0,44 06210 | 06130 | 06082 | 0,6064 | 0,6047 | 06039 | 0,6033 | 06021 | 06016 | 0,6013
0,46 06238 | 0,6148 | 0,6095 | 06074 | 06056 | 06047 | 06040 | 0,6027 | 0,6021 | 0,6017
0,48 wxn 06167 | 0,6108 | 0,6085 | 0,6064 | 06055 | 0,6047 | 06032 | 0,6025 | 0,602 1
0,50 . 06187 ' 06121 | 06096 | 06073 | 06062 | 0,6053 | 0,6037 | 0,6030 | 0,602 6
0,52 - 06207 | 06136 | 0,6107 | 06082 | 0,6070 | 0,6060 | 06042 | 06034 | 0,6029
0,54 rn 06228 | 06148 | 06117 | 0,6090 | 06077 | 0,6066 | 06047 | 06037 | 0,603 2
0,56 - 06249 | 06162 | 06128 | 06098 | 0,6084 | 06072 | 06050 | 0,6040 | 06035
0,58 ex 06270 | 06175 | 06138 | 06105 | 0,6089 | 0,6077 | 0,6053 | 0,6042 | 0,603 6
0,60 wen 06291 | 06187 | 06147 | 06111 | 06094 | 06080 | 06055 | 06043 | 0,6036
0,62 06311 | 06198 | 06155 | 06116 | 06098 | 0,6083 | 0,6055 | 06042 | 06035
0,64 - 06330 | 06208 | 06161 | 06119 | 06099 | 06083 | 06053 | 0,6039 | 0,603 1
0,65 06339 | 06212 | 06164 | 06120 | 06099 | 06082 | 06061 | 06037 | 0,6028
0,66 06348 | 06216 | 06165 | 0,6120 | 06099 | 0,6081 | 06048 | 06033 | 06025 '
0,67 s 06356 | 06219 | 06167 | 06120 | 0,6097 | 0,6079 | 06045 | 0,6029 | 0,602 1 .
0,68 06363 | 06222 | 06167 | 06118 | 06095 | 06076 | 06041 | 06025 | 06016
0,69 s 06370 | 06223 | 06167 | 06116 | 06092 | 06072 | 06036 | 06019 | 0,6010
0,70 en 06376 | 06224 | 06165 | 06113 | 0,6088 | 0,6067 | 0,6030 | 0,6012 | 0,6003
0,71 . 06382 | 06224 | 06163 | 0,6109 | 06083 | 0,6061 | 0,6023 | 0,6004 | 05994
0,72 en 06386 | 06222 | 06160 | 0,6103 | 06076 | 06054 | 06014 | 05995 | 0,508 6
0,73 . 06389 | 06220 | 06155 | 06097 | 0,6069 | 0,6046 | 06004 | 05985 | 0,597 4
0,74 axn 06391 | 06216 | 06149 | 06089 | 06060 | 0,6036 | 05993 | 0,5973 | 0,596 2
0,75 wan 06392 | 06211 | 06141 | 06079 | 06049 | 0,6025 | 05980 | 05959 | 0,594 8
0,76 s 06391 | 06204 | 06132 | 06068 | 0,6037 | 06012 | 05966 | 0,5944 | 05932
0,77. anx 06389 | 06196 | 06121 | 06055 | 06023 | 05997 | 05949 | 05927 | 06915
0,78 wxx . 06185 | 06108 | 06039 | 06007 | 0,5980 | 0,5931 | 05008 | 05895
0,79 ns aex 06173 | 06093 | 06022 | 05988 | 05960 | 05910 | 0,5886 | 0,587 3
0,80 ex e x 06158 | 0,6076 | 06003 | 05968 | 05939 | 05887 | 0,5862 | 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 e
Rep
5x103 104 2x10% [ 3x10% | 5x10% | 7x104 105 3x108 106 107
8

0,23 0,602 1 0,600 5 0,599 5 0,599 2 0,598 9 0,598 7 0,598 6 0,598 3 0,598 2 0,598 2
0,24 0,6028 0,601 0 0,600 0 0,599 6 0,599 2 0,599 1 0,598 9 0,698 7 0,698 5 0,598 5
0,26 0,604 4 0,602 3 0,601 0 0,600 6 0,600 1 0,599 8 0,699 7 0,699 4 0,599 2 0,599 1
0,28 0,606 3 0,803 7 0,602 2 0,601 6 0,601 0 0,6008 0,6006 0,600 2 0,600 0 0,599 9
0,30 0,608 4 0,605 4 0,6035 0,602 8 0,602 2 0,601 9 0,6016 0,601 2 0,601 0 0,600 8
0,32 0,6109 0,607 2 0,605 1 0,604 2 0,603 5 0,603 1 0,6028 0,6023 0,602 1 0,6019
0,34 06136 0,609 4 0,606 8 0,605 9 0,605 0 0,604 6 '0,604 3 0,603 6 0,603 3 0,603 2
0,36 0,616 7 06118 0,608 9 06078 0,606 7 0,606 3 0,6059 0,605 2 0,604 8 0,604 6
0,38 0,620 1 0,614 5 06112 0,609 9 0,608 7 0,608 2 0,607 7 0,606 9 0,606 5 0,606 3
0,40 0,624 0 06176 0,6138 06123 06110 0,6104 0,609 8 0,608 9 0,608 5 0,608 2
0,42 0,628 3 0,621 0 0,616 7 0,615 0 0,6135 06128 0,6122 0,611 2 0,6107 06104
0,44 0,633 0 0,624 8 0,6199 0,618 1 0,616 4 06156 0,614 9 06137 0,6132 0,6128
0,46 0,638 2 0,629 0 0,623 6 0,6215 0,6196 0,618 7 06180 0,616 6 0,616 0 0,6157

. 0,48 . 0,633 8 0,627 7 0,625 3 0,623 2 0,622 2 0,621 4 06199 0,6192 0,618 8
0,50 PP 0,639 0 0,632 2 0,629 6 0,627 2 0,626 1 0,625 2 0,623 5‘ 06227 06223
0,62 e 0,644 7 0,637 2 0,634 3 0,6317 06305 0,626 4 0,6276 0,626 7 0,626 2
0,54 . 0,651 1 0,6427 06395 0,636 7 06353 0,634 2 0,632 1 0,6312 0,6306
0,56 ane 0,658 1 0,648 9 0,645 3 0,642 2 0,640 7 0,6394 0,637 2 0,636 1 063565
0,58 . 0,665 8 0,655 7 0,651 8 0,648 3 0,646 6 0,645 3 06428 | 06416 06410
0,60 . 0,674 3 0,663 2 0,658 9 0,655 0 0,653 2 0,651 7 0,649 0 0,647 7 0,647 0
0,62 [ 0,683 6 0,6714 0,666 7 0,662 5 0,660 5 0,658 9 0,656 9 0,654 6 0,653 7
0,64 e 0,693 9 0,6805 0,675 4 0,6708 0,668 6 0,666 8 0,663 5 0,6620 0,661 1
0,65 P 06994 | 06854 0,680 0 0,675 2 06729 0,671 1 0,667 6 0,666 0 0,665 1
0,66 rxn 0,705 2 0,690 6 0,684 9 0,6799 08775 0,675 5 0,671 9 0,6703 0,669 3
0,67 P 0,711 3 0,696 0 0,690 1 0,684 8 0,682 3 0,680 3 0,676 5 0,674 8 06738
0,68 YN 0,7177 0,701 7 0,695 5 0,690 0 0,687 4 0,685 2 0,681 3 0,6796 0,678 5
0,69 xn 0,724 4 0,707 7 0,701 2 0,695 5 0,6927 0,6905 0,686 4 0,684 5 0,683 4
0,70 nx 0,731 6 0,714 0 0,707 3 0,701 2 0,698 4 0,696 0 0,6917 0,689 7 0,688 6
0,71 . 0,738 9 0,720 6 0,713 6 0,707 3 0,704 3 0,701 8 0,697 3 0,695 2 0,694 1
0,72 Y 0,746 8 0,727 7 0,720 3 0,7137 0,7106 0,708 0 0,703 3 0,701 1 0,699 9
0,73 P 0,755 1 0,735 1 0,727 4 0,72056 0,717 2 0,714 56 0,709 6 0,707 3 0,706 0

’ 0,74 Y 0,763 8 0,7429 0,734 9 0,727 6 0,724 2 0,721 4 0,716 2 0,713 8 0,7125
0,75 xx 0,773 1 0,751 2 0,7428 0,735 2 0,7316 0,728 7 0,7233 0,7208 | 0,7194
0,76 P 0,782 9 0,7600 0,751 2 0,743 3 0,7395 0,736 4 0,7308 0,728 2 0,726 7
0,77 e 0,7934 0,769 4 0,760 1 0,761 9 0,747 9 0,744 7 0,7388 0,736 0 0,734 b6
0,78 xw xx 0,779 3 0,769 7 0,761 0 0,756 8 0,753 6 0,747 3 0,744 4 0,742 8
0,79 - Ewn 0,7900 0,779 8 0,770 7 0,766 4 0,762 9 0,756 4 0,763 3 0,751 6
0,80 wx e 08014 0,790 7 0,781 2 0,776 6 0,772 9 0,766 1 0,762 9 0,761 2

NOTE — This table is given for convenience. It is not intended for precise interpolation.
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TABLE 12 — Orifice plate with D and D/2 tappings; dischargs coefficient C

SEC*L.1 81 MM lb24bk9 0138906 5 W

Re
b 5x103 104 2x10% | 3x10% | 5x10% | 7x104 108 3x 105 108 107
8
0,20 05997 | 06985 | 05979 | 05976 | 05974 | 06973 | 05972 | 06970 | 05969 | 0,5969
0,22 0,6006 | 06992 | 05984 | 05980 | 06977 | 05976 | 05975 | 06973 | 06972 | 05971
0,24 06017 | 06000 | 05989 | 05985 | 05981 | 06980 | 06978 | 05976 | 05974 | 05974
0,26 0,6030 | 06008 | 05996 | 05990 | 05986 | 05984 (05982 | 05979 | 05977 | 05977
0,28 06043 | 06017 | 06002 | 05996 | 05991 | 05988 | 06986 | 05932 | 05981 | 06980
0,30 wer 0,6028 | 06010 | 06003 | 05996 | 05993 | 06991 | 06986 | 05984 | 06983
0,32 e 06039 | 06018 | 06010 | 06002 | 05999 | 05996 | 05990 | 05988 | 05987
0,34 - 06052 | 06027 | 06017 | 0,6009 | 0,6004 | 0,6001 | 05995 | 05992 | 05990
0,36 wrn 06066 | 06037 | 0,6026 | 0,6016 | 06011 | 06007 | 06000 | 05997 | 05996
0,38 wew 06080 | 06047 | 06035 | 0,6023 | 06018 | 0,6013 | 0,60056 | 06001 | 05999
0,40 . 0,6006 | 06069 | 06044 | 06031 | 0,6025 | 06020 | 06011 | 06006 | 06004
0,42 - wen 0,6071 | 06054 | 06040 | 06033 | 06027 | 06017 | 0,6012 | 0,6009
044 xn T 06084 | 06065 | 06049 | 06041 | 0,60356 | 0,6023 | 06017 | 0,6014
0,46 - e 0,6098 | 0,6077 | 0,6059 | 0,6060 | 0,6043 | 0,6030 | 06023 | 06020
048 . wer 06112 | 06089 | 06069 | 06059 | 06051 | 0,6036 | 06030 | 0,6026
0,50 - . 06127 | 06102 | 0,6079 | 06068 | 06060 | 06043 | 06036 | 0,6032
0,52 en - 06143 | 06115 | 06080 | 06078 | 0,6068 | 06051 | 0,6042 | 06038
0,54 - wex 06169 | 0,6129 | 0,6101 -| 06088 | 06077 | 06058 | 06049 | 0,6044
0,56 wan . 06176 | 06143 | 06113 | 06098 | 06087 | 06065 | 06056 | 0,6049
0,58 . " s 06157 | 06124 | 06108 | 0,6095 | 06072 | 06061 | 0,6055
0,60 . e . 06171 | 061356 | 06118 | 06104 | 06079 | 0,6067 | 0,6060
0,62 . . . 06185 | 06146 | 06128 | 06112 | 0,6035 | 06072 | 0,6065
0,64 e wan en 06198 | 06166 | 0,6136 | 06120 | 0,6090 | 0,6076 | 0,6068
0,66 . . . 06211 | 06166 | 0,6144 | 06127 | 06094 | 06079 | 0,6071
0,68 e e e 06223 | 06175 | 06151 | 06132 | 06097 | 0,6081 | 0,607 2
0,70 e s wer . 06182 | 061567 | 06136 | 06099 | 06081 | 0,607 1
0,71 . - e s 0,6185 | 0,6159 | 06138 | 06099 | 0,6081 | 0,607 1
0,72 . . wew e 06187 | 06161 | 06139 | 06008 | 0,6080 | 0,6069
0,73 v x ees wex . 06190 | 06162 | 0,6139 | 0,6097 | 06078 | 0,6067
0,74 . e . «xx | 06191 | 06163 | 06139 | 06096 | 06076 | 0,6065
0,75 e nn - e 06193 | 0,6163 | 06138 | 06094 | 06073 | 0,6062

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

Re :
b § X103 104 2x10% | 3x10%4 | sx10% | 7x10% 10° 3x10% 108 107
g
0,20 06001 | 06990 | 05984 | 05081 | 05979 | 05978 | 05977 | 05976 | 06974 | 05974
0,22 06013 | 05999 | 05991 | 05987 | 05984 | 05983 | 05982 | 05980 | 05979 | 06978
0.24 06027 | 06010 | 05999 | 05995 | 05991 | 05990 | 05988 | 06986 | 05984 | 06984
0.26 06043 | 06022 | 06009 | 06004 | 06000 | 05997 | 05096 | 05993 | 05991 | 05990
0,28 06062 | 06036 | 06021 | 06015 | 06009 | 0,6007 | 0,6005 | 0,6001 | 0,5099 | 0,5998
0,30 e 06052 | 0,6034 | 0,6027 | 0,6021 | 06018 | 06015 | 0,6011 | 06008 | 0,6007
0,32 e 06071 | 06050 | 0,6041 | 0,6034 | 0,6030 | 06027 | 0,6022 | 0,6020 | 06018
0,34 x 06093 | 0,6068 | 06058 | 06049 | 0,6045 | 06042 | 0,6035 | 0,6033 | 0,603 1
0,36 wax 06117 | 06088 | 06077 | 06067 | 06062 | 0,6058 | 06051 | 0,6048 | 0,6046
0,38 e 06145 | 06111 | 06098 | 06087 | 06081 | 0,6077 | 0,6069 | 0,6065 | 0,6063
0.40 xn 06176 | 06138 | 06123 | 06110 | 0,6104 | 06099 | 0,6089 | 0,6085 | 0,608 2
042 e 06168 | 06151 | 0,6136 | 06129 | 06123 | 06113 | 0,6108 | 0,6106
0,44 . . 06201 | 06182 | 0,6166 | 0,6158 | 06151 | 0,6139 | 0,6134 | 0,6130
046 e 06239 | 06218 | 06199 | 06190 | 06183 | 06169 | 0,6163 | 0,6169
048 evs 06281 | 062568 | 06237 | 06226 | 06218 | 0,6203 | 0,6196 | 0,6192
0,50 ver e 06328 | 06302 | 06279 | 06267 | 06258 | 06242 | 0,6234 | 0,6230
0,52 e e 06381 | 06352 | 06326 | 06313 | 06303 | 06285 | 06276 | 0,627 1
0,54 . 06439 | 06407 | 06379 | 06365 | 06354 | 06333 | 0,6324 | 0,6318
0,56 e . 0,6504 | 06469 | 06437 | 06422 | 06410 | 06387 | 0,6377 | 0,6371
0,58 —en ,ex 06538 | 06503 | 06486 | 06473 | 08448 | 06436 | 0,6430
0,60 . wx 06614 | 06576 | 0,6558 | 0,6643 | 06515 | 06603 | 0,6496
0,62 e e e 06700 | 06658 | 0,6638 | 0,6621 | 0,6591 | 0,6577 | 0,6569
0,64 . ex e 06794 | 06748 | 06727 | 06709 | 0,6676 | 0,6660 | 0,6652
0,66 wes v 06800 | 0,6860 | 06826 | 0,6806 | 06770 | 06754 | 06744
0.68 e es e 0,7019 | 0,6964 | 0,6937 | 0,6916..; 06877 | 06858 | 0,6848
0,70 . e - wxn 07091 | 0,7063 | 0,7039 | 0,6996 | 0,6976 | 0,6965
0,71 eex e 07161 | 0,7131 | 0,7107 | 0,7062 | 0,704 1 | 0,7029
0,72 e Ceex e 0,7236 | 0,7204 | 0,7178 | 0,7131 | 0,7109 | 0,709 7
0,73 es e - e 07315 | 07282 | 0,7255 | 0,7206 | 0,7183 | 0,7170
0.74 e e e cxw 07399 | 07366 | 0,7337 | 07285 | 0,7261 | 07248
0,75 e . 07490 | 0,7454 | 07424 | 06,7370 | 0,7345 | 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
ReD
5%10° 10% 2x10% | 3x104 | 5x104 | 7x10% 108 3x105 108 107
8 X
0,25 0,6023 | 06003 | 05992 | 05987 | 06983 | 05981 | 05980 | 06977 | 0,5976 | 0,597 5
0,26 0,6029 | 06008 .| 05995 | 05990 | 05986 | 05984 | 05982 | 05979 | 06977 | 0,6976
0,28 06043 | 06017 | 06002 | 05996 | 056990 | 05988 | 05986 | 05982 | 06980 | 0,5979
0,30 - 0,6028 | 0,6009 | 06002 | 05996 | 05893 | 05990 | 05986 | 0,5984 | 0,598 3
0,32 R 0,6039 | 06017 | 06009 | 0,6002 | 05998 | 05995 | 06990 | 0,5988 | 0,598 6
0,34 wax 06051 | 0,6026 | 06017 | 0,6008 | 0,6004 | 06001 | 05994 | 05992 | 0,599 0
0,36 - 06065 | 06038 | 0,6025 | 06015 | 06010 | 06006 | 05999 | 05996 | 05994
0,38 s 0,6080 | 0,6047 | 0,6034 | 06022 | 06017 | 06013 | 06004 | 06001 | 06998
0,40 ane 06068 | 06043 | 06030 | 0,6024 | 06019 | 06010 | 06006 | 0,6003
0,42 an ex 0,6070 | 06054 | 0,6039 | 06032 | 06026 | 06016 | 06011 | 06008
0,44 s nr 0,6083 | 06064 | 06048 | 0,6040 | 06034 | 06022 | 0,6016 | 0,6013
0,46 an s 06096 | 06076 | 06057 | 0,6049 | 06041 | 06028 | 06022 | 06019
0,48 - s 06111 | 06088 | 06067 | 0,6058 | 0,6060 | 0,6035 | 0,6028 | 0,602 4
0,50 e er 06126 | 0,6100 | 0,6078 | 06067 | 06058 | 06042 | 06034 | 0,6030
0,52 . v 06141 | 06113 | 06088 | 0,6076 | 06067 | 06049 | 06041 | 06036
0,54 - . 06167 | 06127 | 06099 | 06086 | 06075 | 06056 | 0,6047 | 0,604 2
0,56 - . 06174 | 06140 | 06110 | 06096 | 06084 | 06063 | 0,6053 | 0,604 7
0,58 . waw . 061654 | 06121 | 06106 | 06093 | 06070 | 06059 | 0,6053
0,60 . nn . 06168 | 06132 | 061165 | 06101 | 06076 | 06064 | 0,6057
0,62 . - . 06182 | 06143 | 06124 | 06109 | 06082 | 0,6069 | 0,606 2
0,64 . - wen 06196 | 06153 | 06133 | 06117 | 0,6087 | 0,6073 | 0,606 5
0,65 s ex vw 06201 | 06168 | 06137 | 06120 | 06089 | 06074 | 06066
0,66 . er rn 06208 | 06162 | 06141 | 06123 | 06091 | 06076 | 0,6067
0,67 s . vex 06214 | 06167 | 06144 | 06126 | 06092 | 06076 | 0,606 8
0,68 s ar . 06219 | 06171 | 06147 | 06128 | 0,6093 | 0,6077 | 0,6068
0,69 s s 06225 | 06174 | 06160 | 06130 | 06094 | 06077 | 0,6068
0,70 . - e an 06177 | 06162 | 0,6132 | 0,6094 | 0,6077 | 0,606 7
0,71 . cen . 06180 | 08164 | 0,6133 | 0,6094 | 0,6076 | 0,6066
0,72 s . e 06183 | 06156 | 0,6134 | 06094 | 0,6075 | 0,606 4
0,73 s . aer ex 06185 | 06157 | 06134 | 06092 | 06073 | 0,606 2
0.74 er . 06186 | 06157 | 0,6134 | 0,6091 | 0,6071 | 0,6059
0,75 en nw 06187 | 06157 | 0,6133 | 06088 | 0,6068 | 0,6056

NOTE — This table is given for convenience. It is not intended for precise interpolation.
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BS 1042 : Section 1.1 : 1981

TABLE 15 — Orifice plate with flange tappings; flow cosfficient o

D =50 mm
Rep
5 X 10° 104 2x104 | 3x104 | sx10% | 7x10% 10° 3x108 108 107
g
0,25 06035 | 06015 | 06004 | 05999 | 059956 | 06993 | 056992 | 05989 | 05987 | 0,598 7
0,26 06043 | 06022 | 0,6009 | 06004 | 05999 | 05997 | 05996 | 05992 | 05991 | 0,5990
0,28 06062 | 06036 | 0,6020 | 0,6014 | 0,6009 | 0,6006 | 06004 | 06001 | 05999 | 05998
0,30 wrx 06052 | 0,6034 | 06027 | 06020 | 06017 | 06015 | 06010 | 06008 | 06007
0,32 . 06071 | 06049 | 06041 | 0,6033 | 0,6030 | 06027 | 06022 | 06019 | 06018
0,34 . 06092 | 06067 | 060657 | 06049 | 06044 | 06041 | 06035 | 06032 | 0,6030
0,36 ex 06117 | 06087 | 06076 | 06066 | 06061 | 06057 | 06050 | 06047 | 0,6045
0,38 aws 06144 | 06111 | 06098 | 06086 | 06081 | 06076 | 06068 | 0,6064 | 0,6062
0,40 enn exe 06137 | 06122 | 06109 | 06103 | 06098 | 06088 | 06084 | 0,6082
0,42 s ven 06167 | 06150 | 0,6135 | 06128 | 06122 | 06112 | 0,6107 | 06104
0,44 s s 06200 | 06181 | 06165 | 06157 | 0,6150 | 06138 | 06132 | 06129
0,46 - vee 06238 | 06217 | 06198 | 06189 | 06181 | 06168 | 0,6162 | 06158
0,48 wes 06280 | 06256 | 06235 | 06225 | 06217 | 06202 | 06195 | 06191
0,50 ees 06326 | 06300 | 06277 | 06266 | 06257 | 06240 | 06232 | 06228
0,52 . ves 06379 | 06350 | 06324 | 06312 | 06301 | 06283 | 06274 | 0,6269
0,54 vex 06437 | 06405 | 06376 | 06363 | 06352 | 06331 | 06321 | 0,6316
0,56 wax 06602 | 06467 |.0,6435 | 06420 | 0,6408 | 06385 | 06374 | 0,6368
0,58 cen cen . 06635 | 06500 | 06484 | 06470 | 06445 | 06434 | 06427
0,60 an ven ees 06611 | 06573 | 06655 | 06540 | 06613 | 0,6500 | 06493
0,62 s een en 06696 | 06654 | 06634 | 06618 | 066588 | 0,6574 | 0,6566
0,64 nn re ees 06791 | 06745 | 06723 | 06705 | 06672 | 06657 | 06648
0,65 enn ve 06842 | 06794 | 06771 | 06752 | 06718 | 06702 | 06693
0,66 exs een ere 06806 | 06846 | 06822 | 06802 | 06766 | 06750 | 06740
0,67 . en . 06954 | 06001 | 06876 | 06855 | 0,6818 | 0,6800 | 0,6790
0,68 . . 07014 | 06959 | 06933 | 06911 | 06872 | 06854 | 0,684 3
0,69 een e s 0,7079 | 0,7021 | 06993 | 06971 | 0,6930 | 0,6911 | 06900
0,70 en ves an - 0,7086 | 0,7058 | 0,7034 | 06991 | 06971 | 0,6960
0,71 evn - s en 0,7156 | 0,7126 | 0,7101 | 0,7056 | 0,7035 | 0,7024
0,72 exe can es - 0,7230 | 0,7199 | 0,7473 | 0,7126 | 0,7104 | 0,708 2
0,73 - sn an ven 0,7309 | 0,7276 | 0,7249 | 0,7200 | 0,7177 | 0,7164
0,74 es - . eex 0,7393 | 0,7359 | 0,7331 | 0,7279 | 0,7255 | 0,724 2
0,75 ex ven ven exn 07483 | 0,7447 | 0,7418 | 0,7364 | 0,7339 | 0,7325

NOTE — This table is given for convenience.
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BSI BS*1042 PTL SEC*1.1 81 E lke4kL9 0138910 7 WA
BS 1042 : Section 1.1 : 1981

TABLE 16 — Orifice plate with flange tappings: discharge coefficient C

D =75 mm
Rep
5 X103 104 2x10% | 3x10% | 5x10% | 7x10% 105 3x105 108 107
3
0,20 05997 | 05986 | 05979 | 05976 | 05974-] 06973 | 05972 | 0,5970 | 0,5970 | 0,596 9
0,22 0,6006 | 06992 | 05984 | 05981 | 05978 | 05976 | 05975 | 05973 | 05072 | 0,5972
0,24 C e 0,6000 | 05989 | 08985 | 05982 | 05980 | 05979 | 05976 | 05976 | 0,697 4
0,26 0,6008 | 06996 | 05991 | 05986 | 05984 | 05982 | 05979 | 0,5978 | 0,597 7
0,28 06018 | 06002 | 05997 | 05991 | 056989 | 05987 | 05983 | 0,508 1 | 0,598 0
0,30 0,6028 | 06010 | 06003 | 05997 | 05994 | 05991 | 05987 | 055985 | 0,508 3
0,32 06040 | 06018 | 06010 | 06003 | 05999 | 05996 | 05991 | 05088 | 0,598 7
0,34 0,6027 | 06018 | 0,6009 | 06005 | 0,6002 | 05996 | 05993 | 0,599 1
0,36 06037 | 06026 | 06016 | 06011 | 06008 | 06000 | 05997 | 0,599 5
0,38 . 0,6048 | 06035 | 06024 | 06018 | 06014 | 06006 | 0,6002 | 06000
0,40 06059 | 06046 | 06032 | 06026 | 0,6021 | 06011 | 06007 | 0,60086
0,42 0,6071 | 06055 | 06040 | 06033 | 06028 | 0,6017 | 06012 | 06010
0,44 cEn exe 06084 | 06066 | 06049 | 06042 | 06035 | 06023 | 0,6018 | 0,6015
0,46 xx 0,6098 | 0,6077 | 06059 | 06050 | 06043 | 0,6030 | 0,6024 | 06020
0,48 exx 0,6089 | 0,6069 | 06059 | 06051 | 06036 | 06030 | 0,6026
0,50 06102 | 06079 | 06068 | 06059 | 0,6043 | 0,6036 | 0,603 2
0,52 - 06115 | 0,6090 | 06078 | 06068 | 0,6050 | 06042 | 06037
0,54 xx 06128 | 0,6100 | 06087 | 06077 | 06057 | 06048 | 0,604 3
0,56 06141 | 06111 | 06097 | 06085 | 06064 | 06054 | 0,6048
0,58 06122 | 06106 | 06093 | 06070 | 0,6059 | 0,6053
0,60 . 06132 | 06115 | 06101 | 06076 | 0,6064 | 0,605 7
0,62 06142 | 06123 | 06108 | 06080 | 06068 | 0,6060
0,64 . 06151 | 0,6131 | 06114 | 06084 | 06070 | 0,6063
0,65 06155 | 06134 | 06117 | 06086 | 06071 | 0,6063
0,66 0,6159 | 06137 | 06119 | 06087 | 0,6072 | 0,606 4
0,67 06162 | 06140 | 08121 | 06088 | 06072 | 06063
0,68 e 06165 | 06142 | 06123 | 06088 | 06072 | 0,606 3
0,69 06168 | 06144 | 06124 | 06088 | 0,6071 | 0,606 1
0,70 06170 | 06145 | 06124 | 06087 | 06069 | 0,6060
0,71 06172 | 06146 | 06124 | 06086 | 0,6067 | 0,605 7
0,72 v 06173 | 06146 | 06124 | 06084 | 06065 | 0,605 4
0,73 exu 06145 | 0,6122 | 0,6081 | 0,6061 | 0,605 1
0,74 06144 | 06120 | 06077 | 0,6057 | 0,604 6
0,75 . exx 06142 | 06118 | 06073 | 06052 | 0,604 1

NOTE — This table is given for convenience. It is not intended for precise interpolation.
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BSI BSxLO42 PTL SECx1.1 &1 WM L6524bkL9 0138911 9 W
BS 1042 : Section 1.1 : 1981

TABLE 17 — Orifice plate with flange tappings; flow coefficient «
. D =75 mm
Rep A4 S
5x103 104 2x10% | 3x10% | 5x10% | 7x10% 105 3x105 | " 108 107
i

0,20 0,6002 | 0,5990 | 05984 | 05981 | 05979 | 05978 | 05977 | 06975 | 05974 | 05974
0,22 0,6014 | 056999 | 0,5991 | 05988 | 05985 | 065983 | 05982 | 06980 | 06979 | 05979
0,24 . 0,6010 | 05999 | 05995 | 06992 | 05990 | 05989 | 05986 | 05985 | 0,598 4
0.26 - 0,6022 | 0,6009 | 0,6004 | 06000 | 05998 | 05996 | 0,5993 | 06991 | 0,599 1
0,28 rx 06036 | 06021 | 06015 | 06010 | 06007 | 06005 | 0,6001 | 0,6000 | 0,599 9
0,30 . 0,6053 | 06035 | 06027 | 06021 | 06018 | 06016 | 06011 | 06009 | 06008
0,32 «+s | 06072 | 06050 | 06042 | 06034 | 06031 | 06028 | 06023 | 06020 | 06019
0,34 P . 0,6068 | 06058 | 06050 | 06046 | 06042 | 0,6036 | 0,6033 | 0,603 1
0,36 e . 06089 | 06077 | 06067 | 06063 | 06059 | 06051 | 0,6048 | 0,604 6
0.38 o . 06112 | 06099 | 06088 | 06082 | 06078 | 0,6069 | 06065 | 0,6063
0,40 - - 06138 | 06124 | 06111 | 06104 | 06099 | 06090 | 060856 | 06083
042 - . 06168 | 06151 | 06137 | 06129 | 06124 | 06113 | 06108 | 06106
0,44 ean eas 06202 | 06183 | 06166 | 06158 | 06152 | 06140 | 06134 | 0,613 1

. 0,46 . s 06239 | 06218 | 06199 | 06190 | 06183 | 06170 | 06163 | 06160
0.48 cen exx cxx 06258 | 06237 | 06227 | 06218 | 06203 | 06196 | 06193
0.50 nn - xx 0,6302 | 0,6278 | 06267 | 06258 | 06241 | 06234 | 0,6229
0,52 - wex . 06351 | 06325 | 06313 | 06303 | 06284 | 06276 | 06271
0,54 . - . 06406 | 06378 | 06364 | 06353 | 06332 | 0,6323 | 06317
0,56 . - xs 06467 | 06436 | 06421 | 06408 | 06386 | 0,6375 | 0,6369
0,58 . ann e arx 06501 | 06484 | 06470 | 064456 | 06434 | 0,6427
0.60 . wxs was T~ 06573 | 06554 | 0,6539 | 06512 | 06499 | 06492
0,62 . . rx - 06653 | 06633 | 06617 | 06587 | 06573 | 06565
0,64 s . evs s 06742 | 06720 | 06702 | 06670 | 06654 | 0,6646
0,65 wes - wex xs 06791 | 06768 | 06,6749 | 06715 | 06699 | 06690
0,66 . enn ere . 06842 | 06818 | 0,6798 | 06762 | 06746 | 06736
0,67 . wan nn . 06806 | 06871 | 06850 | 06813 | 06795 | 06786
0,68 ans wnn - een 06953 | 0,6927 | 06905 | 06866 | 06848 | 06838
0,69 - pun wen rx 0,7014 | 06986 | 0,6964 | 0,6923 | 0,6904 | 0,689 3
0,70 - ax e - 0,7078 | 0,7049 | 0,7026 | 0,6983 | 06963 | 0,695 1
0,71 wnn nn . ee 0,7146 | 0,7116 | 0,7091 | 0,7046 | 0,7025 | 0,701 4
0,72 wex wan een vex 0,7218 | 0,7187 | 0,7161 | 0,7114 | 0,7092 | 0,708 0 |

‘ 0,73 wen an wnn . . 0,7262 | 0,7235 | 0,7186 | 0,7163 | 0,7150
0,74 was . e x wxs cex 0,7343 | 0,7315 | 0,7263 | 0,7239 | 0,7226
0,75 . wnn ns ras cxx 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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BS 1042 : Section 1.1 : 1981

TABLE 18 — Orifice plate with flange tappings; discharge coefficient C
D =100 mm

7 Rep

104 2x104 | 3x10% | sx10% | 7x10% 108 3x105 108 107

0,20 05986 | 05979 | 05976 0,697 4 0,597 3 0,697 2 0,5971 | 06970 | 0,6969
0,22 0,699 2 06084 | 0,698 1 06978 | 06976 0,697 5 0,697 3 0,697 2 0,697 2
0,24 0,6000 | 06990 | 05985 05982 | 05980 06979 | 05976 0,6976 0,5974
0,26 0,600 9 05996 | 05991 0,698 6 0,598 4 0,598 3 0,6979 06978 | 05977
0,28 0,6018 0,6003 | 06097 0,699 1 0,598 9 0,698 7 0,598 3 0,698 1 0,598 0

0,30 P 0,6010 { 0,6003 0,699 7 0,699 4 0,599 1 0,698 7 0,598 5 0,598 4
0,32 0,6019 | 06010 0,600 3 0,609 9 0,599 6 0,699 1 0,698 9 0,688 7
0,34 0,6028 | 0,6018 0,6009 | 06005 0,600 2 0,699 6 0,699 3 0,599 1
0,36 0,603 7 0,602 6 0,6016 | 0,6011 0,6008 0,6000 | 0,65997 0,6995
0,38 06048 | 06035 0,6024 0,6018 0,601 4 0,600 6 0,600 2 0,600 0

0,40 U 0,604 5 0,603 2 0,6025 0,6020 | 0,6011 0,6007 0,6004
0,42 *ux 0,606 5 0,604 0 0,603 3 0,602 7 0,6017 | 0,6012 | 0,6009
0,44 06065 | 0,604 9 0,604 1 0,603 5 0,6023 06017 | 06014
0,46 0,607 7 0,6058 | 06049 0,604 2 0,6029 | 0,6023 | 0,6020
048 0,608 8 06068 | 06058 0,6050 | 06035 0,6029 } 0,6025

0,50 - 06078 | 06067 | 06068 | 06042 | 0,6034 | 0,6030
0,52 e ok 0,6088 | 0,6076 | 0,066 | 06048 | 06040 | 06035
0,54 ex ww 06098 | 06085 | 06074 | 06054 | 06045 | 0,6040
0,56 - - 06108 | 06093 | 06082 | 06060 | 060560 | 0,6045
0,58 - e 06118 | 06102 | 06089 | 0,6066 | 06055 | 0,6049

0,60 nn P wrs 06127 06110 0,6096 | 06070 | 06058 | 06052
0,62 - - n aw 06135 | 06117 0,6102 0,607 4 0,606 1 0,605 4,
0,64 wu wun aaw Y 06123 06107 0,607 7 06063 | 06056

0,66 an wnn 06125 | 06108 | 06077 | 06063 | 06055
0,66 nn wen - 06127 | 06110 | 06077 | 06062 | 06054
0,67 wh - anw 06129 | 06111 | 06077 | 06061 | 0,6053
0,68 wen wrr 0,6130 | 06111 | 06076 | 0,6060 | 0,605 1
0,69 - - - 06131 | 06111 | 06075 | 06058 | 06049

0,70 e P - 0,613 1 06110 | 06073 06055 | 06045
0,71 waw o P - 06130 0,6109 0,6070 | 06052 | 0,604 2
0,72 waw *an P P 06128 06106 | 06066 | 06047 0,603 7
0,73 e n Y P 06126 0,6103 0,606 2 0,6042 |} 06031
0,74 an - rw - 06123 0,609 9 0,605 6 06036 | 0,6025

0,76 ew aw P wan v 0,609 4 06050 | 06029 | 0,6018

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 «

BS 1042 : Section 1.1 : 1981

D =100 mm
Rep
104 2x10% | 3x10% | 5x10% | 7x10% 108 3 %105 108 107
B
0,20 05991 | 05984 | 05981 | 05979 | 055978 | 05977 | 05976 | 05975 | 05974
0,22 05999 | 05991 | 05988 | 0,5985 | 05983 | 05982 | 05980 | 05979 | 0,5979
0,24 0,6010 | 055999 | 05995 | 05992 | 0,5990 | 0,5989 | 0,5986 | 0,59865 | 0,598 4
0,26 06022 | 06009 | 06005 | 0,6000 | 05998 | 05996 | 0,5993 | 0,6992 | 0,599 1
0,28 06037 | 06021 | 0,6015 | 06010 | 06007 | 06005 | 06001 | 0,6000 | 0,699 9
0,30 . 06035 | 0,6028 | 0,6021 | 06018 | 06016 | 06011 | 06009 | 0,6008
0,32 0,6050 | 0,6042 | 0,6035 | 0,6031 | 0,6028 | 0,6023 | 0,6020 | 0,6019
0,34 0,6068 | 0,6059 | 0,6050 | 0,6046 | 06042 | 0,6036 | 06033 | 0,6032
0,36 0,6089 | 0,6077 | 06067 | 06063 | 06059 | 06051 | 06048 | 0,6046
0,38 06112 | 06099 | 06087 | 06082 | 06077 | 06069 | 06065 | 0,6063
0,40 . 06123 | 06110 | 0,6104 | 06099 | 06090 | 06085 | 0,6083
0,42 06151 | 06136 | 0,6129 | 06123 | 0,6113 | 06108 | 0,6105
0,44 06182 | 06166 | 06158 | 06151 | 0,6139 | 06133 | 06130
0,46 06217 | 06198 | 06190 | 06182 | 0,6169 | 06162 | 06159
0,48 06257 | 06236 | 06225 | 06217 | 06202 | 06195 | 0,6191
0,50 06277 | 06266 | 06257 | 06240 | 06232 | 0,6228
0,52 . aex . 06323 | 06311 | 06301 | 0,6282 | 0,6274 | 0,6269
0,54 06375 | 06361 | 06350 | 0,6329 | 0,6320 | 0,6315
0,56 06432 | 06417 | 06405 | 0,6382 | 0,6372 | 0,6366
0,58 0,6496 | 0,6480 | 06466 | 0,6441 | 06429 | 06423
0,60 . arn 06567 | 06549 | 06534 | 06507 | 06494 | 06487
0,62 06646 | 06626 | 06610 | 0,6680 | 06566 | 0,6558
0,64 06712 | 06694 | 06661 | 06646 | 06637
0,65 06758 | 06739 | 0,6705 | 0,6689 | 0,6680
0,66 06807 | 06788 | 0,6752 | 0,6735 | 0,6725
0,67 06859 | 06838 | 06801 | 06783 | 0.6774
0,68 rs arx 06914 | 06892 | 06853 | 0,6835 | 0,6824
0,69 - 0,6972 | 06949 | 0,6908 | 0,6889 | 0,6878
0,70 exx 0,7033 | 0,7009 | 0,6966 | 06946 | 0,6935
0,71 exe 0,7098 | 0,7073 | 0,7028 | 0,7007 | 0,6996
0,72 0,7167 | 60,7141 | 0,7094 | 0,7072 | 0,706 0
0,73 cen es - 0,7240 | 0,7213 | 0,7164 | 0,7141 | 0,7128
0,74 - wrx exn 0,7318 | 0,7289 | 0,7238 | 0,7214 | 0,7201
0,75 - 07371 { 0,7317 | 0,7292 | 0,7278

NOTE — This table is given for convenience.
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BSI BS*x1042 PT1l SECx1.l 81 N 1L24669 0138914 4 NN
BS 1042 : Section 1.1 : 1981

TABLE 20 — Orifice plate with flange tappings; discharge coefficient C

D = 150 mm
Rep
109 2x10% | 3x10% | 5x10% | 7x104 108 3x109 106 107
B
0,20 05986 | 05979 | 05977 | 05974 | 05973 | 05972 | 06971 | 0,5970 | 0,5969
0,22 06993 | 0,5984 | 05981 | 05978 | 0,6977 | 06975 | 06973 | 05972 | 0,5972
0,24 - 06990 | 0,69086 | 0,5982 | 05980 | 05979 | 05976 | 06976 | 05974
0,26 . 05996 | 05991 | 06987 | 05984 | 05983 | 05980 [ 0,5978 | 06977
0,28 ex 06003 | 05997 | 05992 | 05989 | 05987 | 0,5983 | 0,5981 | 0,5980
0,30 rex 06010 | 06003 | 05997 | 056994 | 05992 | 05987 | 05985 | 0,5984
0,32 exx 06019 | 06010 | 06003 | 05999 | 05996 | 05991 | 05989 | 0,598 7
0,34 - - 06018 | 06009 | 06005 | 06002 | 05996 | 05993 | 0,599 1
0,36 ww . 06026 | 06016 | 06012 | 06008 | 06000 | 05997 | 05995
0,38 - . 06035 | 06024 | 06018 | 06014 | 0,6006 | 0,6002 | 0,6000
0,40 . - x 06031 | 06025 | 0,6020 | 0,6011 | 0,6007 | 0,6004
0,42 wxw - e 0,6040 | 0,6033 | 0,6027 | 06017 | 06012 | 06009
044 s - e 06048 | 06040 | 06034 | 0,6022 | 0,6017 | 0,6014
0,46 e . - 06057 | 06049 | 06041 | 06028 | 06022 | 0,6019
0,48 . ren aex 06067 | 06057 | 06049 | 0,6034 | 0,6027 | 0,6024
- 0,50 - ann . 06076 | 06065 | 0,6056 | 0,6040 | 0,6033 | 0,6029
0,52 we sux wns s 06074 | 06064 | 06046 | 06038 | 06033
0,54 - vex s - 06082 | 06071 | 06052 | 06043 | 06038
0,66 ren resx - . 06090 | 06078 | 06057 | 06047 | 0,604 1
0,58 v s . - 06098 | 06085 | 06061 | 06051 | 06044
0,60 . Exn »xx rrw 0,6106 | 06091 | 06065 | 06053 | 0,6047
0,62 - e ren rex s 06095 | 06068 | 06055 | 06048
0,64 . s e wrx rxs 06099 | 06069 | 06055 | 06047
0,65 r srx T rx ww 0,6100 | 0,6068 | 0,6054 | 0,6046
0,66 xn wen . rex wen 06100 | 06068 | 06053 | 0,6044
0,67 wen - e - - 06100 | 06066 | 06051 | 0,604 2
0,68 exx vxx rex . wax 06099 | 06064 | 06048 | 06039
0,69 P v 06098 | 0,6062 | 06045 | 0,6036
0,70 wer M- wrx wex . 0,6096 | 06058 | 0,6041 | 06031
0,71 xex ex e P . 0,6093 | 0,6054 | 06036 | 06026
0,72 xn are wex - . 06089 | 06049 | 06030 | 0,6020
0,73 e are N *xs e . 06043 | 06023 | 0,6012
0,74 " P - rex e . 0,6035 | 0,6015 | 0,6004
0,75 hx xew e - - wan 06027 | 06006 | 05994

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

BS 1042 : Section 1.1 : 1981

D = 150 mm
Rep
104 2x10% | 3x10* | 5x10% | 7x10% 105 3x108 108 107
B
0,20 05991 | 05984 | 05081 | 05979 | 05978 | 06977 | 05975 | 0,5975 | 0,597 4
0,22 0,6000 | 05991 | 0,5988 | 0,5985 | 05984 | 05982 | 0,5980 | 0,5979 | 0,5979
0,24 0,6000 | 05996 | 05992 | 05990 | 05989 | 05986 | 05985 | 0,598 4
0,26 .ee 0,6010 | 0,6005 | 06000 | 05998 | 05996 | 05993 | 05992 | 0,599 1
0,28 0,6021 | 0,6015 | 0,6010 | 0,6007 | 0,6005 | 0,6002 | 0,6000 | 0,5999
0,30 0,6035 | 0,6028 | 0,6021 | 0,6018 | 06016 | 06011 | 0,6009 | 0,6008
0,32 0,6050 | 0,6042 | 06035 | 0,6031 | 0,6028 | 0,6023 | 0,6020 | 0,6019
0,34 exr 06059 | 06050 | 06046 | 06042 | 06036 | 06033 | 0,6032
0,36 . 06077 | 06067 | 02,6063 | 06059 | 06052 | 06048 | 0,604 6
0,38 0,6099 | 06087 | 0,6082 | 0,6077 | 0,6069 | 0,6065 | 0,6063
‘0,40 . 06110 | 06104 | 06099 | 06089 | 06085 | 0,6083
0,42 cex 0,6136 | 06129 | 06123 | 06112 | 06107 | 061065
0,44 06165 | 06157 | 06150 | 0,6138 | 0,6133 | 0,6130
0,46 . 06198 | 0,6189 | 06181 | 06168 | 06162 | 0,6158
0,48 . en 06234 | 06224 | 06216 | 0,6201 | 06194 | 0,6190
0,50 . rn 06275 | 06264 | 06255 | 0,6238 | 06231 | 0,6226
0,52 06309 | 06299 | 06280 | 0,6271 | 0,6267
0,54 exe 06358 | 06347 | 06327 | 06317 | 06312
0,56 . ses 0,6414 | 06401 | 06379 | 06368 | 0,6362
0,58 axx 06476 | 06462 | 06437 | 06425 | 0,6419
0,60 06643 | 0,6528 | 06501 | 0,6488 | 0,648 1
0,62 exx 06603 | 0,6573 | 0,6569 | 0,656 1
0,64 0,6685 | 0,6652 | 06637 | 0,6628
0,65 cex 0,6730 | 0,6695 | 0,6679 | 0,6670
0,66 rex xx 06777 | 06741 | 06724 | 06715
0,67 - M xea - xx 06827 | 06789 | 06771 | 0,6762
0,68 . vex - 0,6879 | 0,6840 | 06821 | 0,6811
0,69 en exx 06934 | 06893 | 06874 | 06863
0,70 rs 0,6993 | 0,6050 | 0,6930 | 0,6919
0,71 . 0,7055 | 0,7010 | 0,6989 | 06977
0,72 wxx 0,7121 | 0,7073 | 0,7052 | 0,703 9
0,73 . 0,7141 | 0,7118 | 0,7105
0,74 e res . rex e rer 0,7213 | 0,7189 | 0,7175
0,75 0,7289 | 0,7264 | 0,7250

NOTE — This table is given for convenience.
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BS 1042 : Section 1.1 : 1981

TABLE 22 — Orifice plate with flange tappings; discharge coefficient C

D = 200 mm
Rep
2x104 | 3x104 | 5x104 | 7x10% 105 3x%105 10° 107
g
0,20 05979 | 05977 | 0,5974 | 0,6973. | 06972 | 06971 | 06970 | 05970
0,22 05984 | 05981 | 05978 | 05977 | 06975 | 056973 | 06972 | 05972
0,24 056990 | 05986 | 0,5982 | 06980 | 0,5979 | 06976 | 05975 | 0,5974
0,26 06996 | 06991 | 05987 | 069856 | 0,5983 | 0,5980 | 05978 | 05977
0,28 06003 | 056997 | 05992 | 05989 | 05987 | 05983 | 05981 | 05980
0,30 wasx 06003 | 06997 | 05994 | 05992 | 06987 | 05985 | 0,56984
0,32 e 0,6010 | 0,6003 | 05999 | 06997 | 05991 | 05989 | 06987
0,34 rx 06018 | 0,6009 | 06005 | 06002 | 05996 | 05993 | 0,699 1
0,36 wnn yun 06016 | 06012 | 06008 | 0,6001 | 0,6997 | 0,6995
0,38 - ex 06024 | 06018 | 06014 | 06006 | 06002 | 06000
0,40 - R 06031 | 06025 | 06020 | 06011 | 06007 | 0,6004
042 - - 06040 | 06033 | 06027 | 06016 | 06011 | 060089
0,44 - - 06048 | 06040 | 06034 | 06022 | 06017 | 06014
046 - xen wx 0,6048 | 06041 | 0,6028 | 0,6022 | 0,6018
0,48 rr s xx 06056 | 06048 | 06034 | 06027 | 06023
0,50 - . ras 06065 | 06056 | 06040 | 06032 | 06028
0,62 wew . wnw 06073 | 0,6063 | 06045 | 06037 | 0,6032
0,54 nx ex x x 0,6070 | 06060 | 06041 | 06036
0,56 wew P *nx e 0,6077 | 0,6055 | 06045 | 06040
0,58 ex s ww wex 06083 | 06059 | 06048 | 06042
0,60 - Exn wenx «xx | 0,6088 | 0,6063 | 06051 | 0,6044
0,62 xn xun . srx 06092 | 06064 | 06052 | 0,604 4
0,64 . . ex - v 06065 | 06051 | 06043
0,65 wrn rxn wex rrx - 06064 | 06050 | 0604 1
0,66 xn - - wxn - 06063 | 06048 | 06039
0,67 - I - A xn 06061 | 06045 | 06037
0,68 un - - sy nn 06059 | 06042 | 06033
0,69 en rx - - wesn 06055 | 06039 | 06029
0,70 - sxx res wxx . 06051 | 06034 | 06024
0,71 xw . s x e 06046 | 06028 | 06018
0,72 wrx - - wex - 06040 | 06021 | 06011
0,73 s wan wax e w 06033 | 06014 | 06003
0,74 - P e xxx - 0,6025 | 0,6005 | 05993
0,76 rx sex ‘e rew xw 06015 | 06994 | 0,598 3

NOTE — This table is given for convenience. It is not intended for precise interpolation.
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BS 1042 : Section 1.1 : 1981

TABLE 23 — Orifice plate with flange tappings; flow coetficient «
D = 200 mm
Rep
2x10% | 3x10% | 5x10% | 7x10% 1058 3x105 108 107
B
0,20 05984 | 05981 | 05979 | 05978 | 055977 | 05976 | 05975 | 06974
0,22 05991 | 06988 | 06985 | 05984 | 05982 | 06980 | 06979 | 05979
0,24 06000 | 05996 | 05992 | 05990 | 0,6989 | 05986 | 05985 | 05984
0,26 06010 | 06005 | 06000 | 05998 | 0,6997 | 05993 | 05992 | 0,599 1
0,28 06021 | 06015 | 06010 | 06008 | 0,6005 | 0,6002 | 0,6000 | 05999
0,30 0,6028 | 06022 | 06018 | 06016 | 0,6011 | 0,6009 | 06008
0,32 en 06042 | 06035 | 06031 | 06028 | 06023 | 06020 | 06019
0,34 - 06059 | 06050 | 06046 | 06042 | 0,6036 | 0,6033 | 0,6032
0,36 sex rex 06067 | 06063 | 06059 | 06052 | 0,6048 | 0,604 6
0,38 - ces 06087 | 06082 | 06077 | 06069 | 06065 | 0,6063
0,40 ne ns 06110 | 06104 | 06099 | 06089 | 06085 | 0,608 2
0,42 s 06136 | 06129 | 06123 | 06112 | 0,6107 | 0,6104
0,44 - 06165 | 06157 | 0,6150 | 06138 | 0,6133 | 06129
0,46 . 06188 | 06181 | 06168 | 06161 | 06158
0,48 - ves - 06224 | 06216 | 0,6201 | 0,6194 | 06190
0,50 rrn eas 06263 | 06254 | 06238 | 06230 | 06225
0,52 rex M. 06308 | 06208 | 06279 | 0,6270 | 0,6266
0,54 - N e 06346 | 06325 | 06316 | 0,6310
0,56 en . . wan 06400 | 06377 | 06366 | 0,6361
0,58 rn - 06459 | 06434 | 06423 | 0,6416
0,60 rex . 06526 | 06498 | 06486 | 06478
0,62 Y PN s rxs 0,6599 0,656 9 0,655 5 0,654 7
0,64 P . xxx e . 06648 | 06633 | 06624
0,65 cer x s - - 06691 | 06675 | 0,6666
0,66 . s asr xxx 06736 | 06719 | 06709
0,67 - _— - xw 06783 | 06765 | 06756
0,68 P Py P e P 0,683 3 0,6815 0,680 4
0,69 P P exx trE xs 0,688 6 0,686 7 0,685 6
0,70 ren e wes rxx s 06942 | 06922 | 06910
0,71 - - - exs 0,7001 | 0,6980 | 0,6968
0,72 - cex es wes . 0,7063 | 0,7041 | 0,7029
0,73 - rrer - s xex 0,7130 | 0,7107 | 0,7094
0,74 . wes xex er x 0,7200 | 0,7176 | 07163
0,75 war e - s S 0,7275 | 0,7250 | 0,7236

NOTE — This table is given for convenience.
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BS 1042 : Section 1.1 : 1981

TABLE 24 — Orifice plate with flange tappings; discharge coefficient C
D = 250 mm

Rep
2 x10% 5x104 | 7x104 105 3 %105 106 107

0,20 0,597 9 05974 | 06973 | 05972 | 05971 | 05970 | 05970
0,22 0,598 4 05978 | 05977 { 05976 | 05973 | 06972 | 0,697 2
0,24 0,599 0 06982 | 05980 | 05979 | 05976 | 06975 | 05975
0,26 xna 05987 | 05985 | 06983 | 0,6980 | 0,5978 | 06977
0,28 - 06992 | 05989 | 05987 | 05983 | 0,5981 | 0,5980

0,30 - 05997 | 05994 | 05992 | 05987 | 05985 | 05984
0,32 . wax 06003 | 05999 | 06997 | 05991 | 05989 | 05987
0,34 e wEx 0,6009 | 06005 | 06002 | 05996 | 06993 | 0,599 1
0,36 . x 06016 | 06012 | 0,6008 | 0,6001 | 0,5997 | 0,599 5
0,38 - s 06024 | 06018 | 06014 | 06006 | 0,6002 | 0,6000

0,40 - . . 0,6025 | 06020 | 06011 | 0,6006 | 0,6004
042 - wan rex 06032 | 06027 | 06016 | 06011 | 06009
044 ex . - 06040 | 06034 | 06022 | 0,6016 | 0,6013
046 wan re . 0,6048 | 0,604 1 0,6028 | 06022 | 0,6018
0,48 . ren - rrx 06048 | 06033 | 06027 | 06023

0,50 e xax *ur e 0,605 & 0,603 9 0,603 2 0,602 7
0,62 - - . nx 0,6062 , 06045 0,603 6 0,603 2
0,54 P P wxx . 0,606 9 0,605 0 0,604 1 0,603 5
0,66 e . . 0,607 6 0,605 4 0,604 4 0,603 9
0,58 P P *ax e 0,605 8 0,604 7 0,604 1

0,60 . wax - P 06061 | 0,6049 | 06042
0:62 xR *ER x % T Eax 0,606 3 0,605 0 0,604 2
0164 EX XS * % xEn e 0,606 2 0,604 8 0,604 1

0,65 T e rxw xx e 0,606 1 0,604 7 0,603 9
0,66 e xxx w s *xx 0,606 0 0,604 5 0,603 7
0,67 . . wex xxx e x 0,605 8 0,604 2 0,603 4
0,68 wa ex . xxx xxz 0,605 5 0,603 9 0,603 0
0,69 rxs . . . - 0,605 1 0,603 5 060265

0,70 raw .ex M . 0,6047 | 0,6029 | 0,6020
0,71 - ex ren - 06041 | 06023 | 06013
0,72 axx x wrx ex 06035 | 0,6016 | 0,6006
0,73 . - res wrx . 06027 | 0,6008 | 0,599 7
0,74 ex - . xx N 06018 | 05998 | 05987

0,75 . . - x rux 0,6008 | 06987 | 0,5976

NOTE — This table is given for convenience, It is not intended for precise interpolation.
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TABLE 25 — Orifice plate with flange tappings; flow coefficient o
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BS 1042 : Section 1.1 : 1981

D = 250 mm
Rep
2x10% | 3x10% | sx10% | 7x10% 108 3x10% 108 107
g

0,20 05984 | 05981 | 05979 | 05978 | 05977 | 05976 | 05975 | 06974
0,22 05991 | 05988 | 05985 | 05984 | 05983 | 05980 | 05979 | 05979
0.24 0,6000 | 05996 | 05992 | 05990 | 05989 | 05986 | 05985 | 0,598 4
0,26 ees 0,6005 | 06000 | 05998 | 05997 | 05993 | 05992 | 0,599 1
0,28 e 06015 | 0,6010 | 0,6008 | 0,6006 | 0,6002 | 0,6000 | 0,599 9
0.30 06028 | 06022 | 06019 | 06016 | 06012 | 0,6009 | 0,6008
0,32 . 0,6035 | 0,6031 | 0,6028 | 0,6023 | 0,6020 | 0,6019
0,34 0,6050 | 06046 | 06042 | 06036 | 06033 | 06032
0,36 06067 | 06063 | 0,6059 | 0,6052 | 0,6048 | 06046
0.38 06087 | 06082 | 0,6077 | 06069 | 0,6065 | 06063
0,40 e e rs 06104 | 06099 | 06089 | 0.6085 | 0,608 2
042 cxx | 08129 | 06123 | 06112 | 06107 | 06104
0,44 06157 | 06150 | 06138 | 06132 | 06129
. 0,46 06188 | 06181 | 06167 | 06161 | 06158
0,48 06215 | 06200 | 06193 | 06189
0,50 - . 06254 | 06237 | 06229 | 06225
0,52 .. 062907 | 06278 | 06270 | 06265
0,54 06345 | 06325 | 06315 | 06310
0,56 ees . - 0,6399 | 06376 | 0,6365 | 0,6360
0,58 06433 | 06421 | 06415
0,60 06497 | 06484 | 06477
0,62 ers 06567 | 06553 | 0,654 5
0,64 06645 | 06630 | 06622
0,65 «es | 06688 | 06672 | 06663
0.66 06732 | 06716 | 06706
0,67 wes | 06779 | 06762 | 0.6752
0.68 e | 06829 | 06811 | 06800
0,69 . ees - 06881 | 06862 | 0,6852
0,70 06937 | 06917 | 06906
0,71 ens | 06995 | 06974 | 06963
‘ 0,72 ere ere ers . e 0,7057 | 0,7035 | 07023
073 exs | 07123 | 0,7100 | 0,708 7
0.74 0,7193 | 0,7169 | 07155
0,75 wes | 07267 | 07242 | 07228

NOTE — This table is given for convenience.
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BS 1042 : Section 1.1 : 1981

TABLE 26 — Orifice plate with flange tappings; discharge coefficient C ’
D =375 mm
ReD
2x10% | 3x10% | 5x10% | 7x10% 105 3x108 108 107
B8

0,20 05979 | 05977 | 05974 | 06973 | 05872 | 05971 | 05970 | 06970
0,22 - 06981 | 05978 | 05977 | 05976 | 05973 | 05973 | 08972
0,24 wen 05986 | 05982 | 0,5980 | 05979 | 05976 | 05975 | 0,5975
0,26 05987 | 05986 | 05983 | 05980 | 05978 | 05977
0,28 05992 | 05989 | 05987 | 05983 | 05982 | 0,598 1
0,30 wun - 05997 | 05994 | 05992 | 05987 | 05985 | 05984
0,32 e v 0,6003 | 06000 | 05997 | 05991 | 0,56989 | 0,598 8
0,34 e 0,6005 | 06002 | 05996 | 0,5993 | 0,599 1
0,36 s 0,6012 | 06008 | 06001 | 06997 | 05995
0,38 -0,6018 | 06014 | 06006 | 0,6002 | 0,6000
0,40 .« | 06020 | 06011 | 06006 | 0,6004
042 ren s ses . 06027 | 06016 | 0,6011 | 0,6009
0,44 e . R e 06033 | 06022 | 06016 | 06013 .
0,46 0,6040 | 06027 | 06021 | 0,6018
0,48 - . aaw 06033 | 06026 | 0,6022
0,50 vos 0,6038 | 06031 | 06027
0,62 wrs . - xr “wxx 1 06044 | 06035 | 06031
0,54 . 06049 | 06040 | 06034
0,56 . P 0,6053 | 06043 | 0,603 7
0,68 06056 | 06046 | 06039
0,60 0,6059 | 0,6047 | 0,6040
0,62 .- 0,6060 | 06047 | 06040
0,64 U L ene - 0,6069 | 06045 | 06037
0,65 P P T ews 06058 | 06043 | 06035
0,66 P 0,6056 | 06041 | 06033
0,67 e . s wan 0,6054 | 06038 | 06029
0,68 arx e - 0,6060 | 06034 | 06025
0,69 06046 | 06029 | 06020
0,70 0,6041 | 06024 | 06014
0,71 0,6035 | 06017 | 06007
0,72 x| 06028 | 06009 | 05099 .
0,73 aaw © mws wae 06020 | 06000 | 05989
0,74 P 06010 | 056990 | 05979
0,76 . . 05999 | 06978 | 0,5966

NOTE — This table is given for convenience, It is not intended for precise interpolation.
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BS 1042 : Section 1.1 : 1981

‘ TABLE 27 — Orifice plate with flange tappings; flow coefficient o
D = 375 mm
Rep
2x10% | 3x10% | sx10% | 7x10% 105 3x10° 108 - 107
i

0,20 05984 | 06982 | 05979 | 05978 | 05977 | 05976 | 05975 | 05974
0,22 ere 05988 | 05985 | 06984 | 05983 | 0,5981 | 0,5980 | 0,5979
0,24 . 05996 | 05992 | 05990 | 05989 | 055986 | 05985 | 0,5985
0,26 0,6000 | 0,5098 | 0,5997 | 0,6993 | 05992 | 0,699 1
0,28 . 06010 | 0,6008 | 0,6006 | 06002 | 0,6000 | 0,599 9
0,30 ver 06022 | 06019 | 0,6016 | 0,6012 | 0,6009 | 0,6008
0,32 0,6035 | 06031 | 06028 | 06023 | 06021 | 06019
0,34 s 06046 | 06042 | 0,6036 | 0,6033 | 0,6032
0,36 06063 | 06059 | 06052 | 0,6048 | 06046
0,38 06082 | 0,6077 | 06069 | 06065 | 0,6063
0.40 eve . 0,6099 | 06089 | 0,6085 | 0,608 2
0,42 06123 | 06112 | 06107 | 06104
0,44 06150 | 06138 | 06132 | 06129

‘ 0,46 06180 | 06167 | 06161 | 0,6157
048 06200 | 06193 | 06189
0,50 06236 | 0,6229 | 06224
0,52 06278 | 06269 | 0,6264
0.54 0,6323 | 0,6314 | 0,6309
0,56 06376 | 06364 | 0,6358
0,58 06431 | 06420 | 06413
0,60 06494 | 06482 | 064756
0,62 wen cer rn exe 0,6564 | 0,6550 | 0,654 3
0,64 - e "o - e 06642 |- 06627 | 0,6618
0,65 e axe . 06684 | 06668 | 0,6659
0,66 . 06728 | 06711 | 06702
0,67 06775 | 06757 | 0,674 7
0,68 0,6824 | 0,6805 | 06795
0,69 06876 | 06856 | 0,6846
0,70 06930 | 06910 | 06899
0,71 . 06988 | 06967 | 06955

. 0.72 ess | 07049 | 07027 | 0,701 5
0,73 0,7114 | 0,7091 | 0,7078
0,74 0,7183 | 0,7159 | 0,714 5
0,75 07255 | 0,7230 | 0,721 6

NOTE - This table is given for convenience. 1t is not intended for precise interpolation.
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TABLE 28 — Orifice plate with flange tappings; discharge coefficient C

D = 760 mm
Rep
5 x10% | 7x104 105 3 X105 108 107
B
0,20 05974 | 05973 | 05972 | 05971 | 06970 | 05970
0,22 06978 | 05977 | 06976 | 05974 | 05973 | 05972
0,24 s 05981 | 05979 | 05977 | 05975 | 05975
0,26 . 06986 | 05983 | 0,6980 | 05978 | 05978
0,28 eas - 05987 | 05983 | 05982 | 05981
0,30 e rn 05992 | 05987 | 05985 | 05984
0,32 e . 05997 | 056991 | 05989 | 05988
0,34 was rrr e 05996 | 05993 | 05991
0,36 - rnx was 06001 | 05997 | 05995
0,38 - wen s 06005 | 06002 | 06000
0,40 ex e 0,6011 | 06006 | 06004
0,42 . rs - 06016 | 06011 | 06008
044 e - 0,6021 | 0,6016 | 06013
046 - re et 06027 | 06021 | 06017
0,48 . . - 06032 | 06026 | 06022
0,50 - wes P 0,6038 | 06030 | 06026
0,52 wan wex 06043 | 06035 | 0,6030
0,54 erx wes 0,6048 | 06038 ;| 06033
0,66 *ex - ek . 0,6042 | 06036
0,58 rw war e was 06044 | 06038
0,60 ren . 06045 | 06038
0,62 - wr an - 06044 | 0,6037
0,64 e R e e 0.6042 | 06034
0,65 - - w . 06040 | 06032
0,66 - . cas 0,6037 | 06029
0,67 wxx en xw . 06034 | 0,6025
0,68 . e - 0,6029 | 06020
0,69 - . ras - 06024 | 06015
0,70 sas e . 0,6018 | 06008
0,71 e 0,601 1 0,600 1
0,72 - . rew 06002 | 0,599 2
0,73 - ans 05992 | 05982
0,74 wxw ra e res 0,598 1 05970
0,75 wnn - e 05969 | 05957

NOTE — This table is given for convenience. [t is not intended for precise interpolation.
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BS 1042 : Section 1.1 : 1981

‘ TABLE 29 — Orifice plate with flange tappings; flow coefficient o
D =760 mm
Rep
5x104 | 7x104 105 3 x108 108 107
B

0,20 06979 | 05978 | 06977 | 05976 | 05975 | 05974
0,22 05985 | 06984 | 05983 | 0,598 1 0,5980 | 05979
0,24 ex 05990 | 06989 | 05986 | 05985 | 0,569856
0,26 P 05998 | 05997 | 05994 | 05992 | 0,599 1
0,28 P e 06006 | 06002 | 06000 | 05999
0,30 *xn . 06016 | 06012 | 06010 | 06008
0,32 s senr 0,6028 | 06023 | 0,6021 0,601 9
0,34 P . e 0,6036 | 06033 | 06032
0,36 e e e 0,605 2 0,604 8 0,604 6
0.38 P s - 0,6069 | 06065 | 0,6063
0.40 - P “se 06089 | 06085 | 0,6082
0,42 P ‘v ™ 0,611 2 0,6107 0,6104
0,44 P ree e 0,6138 | 06132 | 06129

‘ 0,46 - P e 06167 | 06160 | 06157
0,48 M P ax 06199 | 06192 | 06188
0,50 an ne ex 06236 | 06228 | 0,6224
0,62 P rxn - 06277 | 06268 | 06263
0,54 P P P 06322 | 06313 | 0,6307
0,56 xw e wxr e 06363 | 06357
0,58 ver P . rxx 06418 | 06411
0,60 PP asx xew rxw 06479 | 06472
0.62 P e P sex 06548 | 06540
0,64 e rs xs »ew 06623 | 06615
0,65 P P - e 0,666 4 0,665 5
0,66 ns res xn e 0,670 7 0,669 8
0,67 P P P P 06752 | 0,674 2
0,68 can an P es 0,6800 | 0,6790
0,69 P exs P P 0,6860 | 06840
0.70 P P ax P 0,6904 0,689 2
0,71 xx e P . 06960 | 06948

. 0,72 rnn e e PP 0,701 9 0,700 7
0,73 e e aea - 0,7082 | 0,706 9
0,74 rax R P exx 0,714 8 0,713 5
0,75 e ax e x wrs 0,721 9 0,720 5

NOTE — This table is given for convenience. It is not intended for precise interpolation.
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TABLE 30 — 1SA 1932 nozzle; discharge coefficient C . .
ReD

2x10% | 3x10? | sx10% | 7x10% 105 3x108 108 2 x108
0,30 09860 | 09868 | 09879 | 09883 | 09883
0,32 en - 09850 | 0,9860 | 0,9874 | 09878 | 09878
0,34 en e - 09841 | 09861 | 09867 | 09871 | 09872
0,36 ex cex eex 0,830 | 09842 | 09859 | 09864 | 09865
0,38 . ens an 09818 | 09831 | 09850 | 09856 | 09856
0,40 s - 09804 | 09819 | 09839 | 09845 | 09846
0,42 . xn 09790 | 09805 | 09827 | 09833 | 09834
0,44 00617 | 09694 | 09751 | 09773 | 09790 | 09813 | 09820 | 09821
0,46 00503 | 09672 | 09732 | 09756 | 09773 | 09797 | 09804 | 09805
0,48 00567 | 09650 | 09711 | 09736 | 09754 | 09779 | 09786 | 09787
0,50 09542 | 09626 | 09689 | 09716 | 09733 | 09758 | 09766 | 09767
0,52 00516 | 00601 | 09665 | 09691 | 09709 | 09735 | 09743 | 09744
0,64 0,490 | 09575 | 09639 | 09665 | 09683 | 09709 | 09717 | 09718
0,56 00464 | 09548 | 09611 | 09636 | 09655 | 09680 | 09688 | 0,9689
0,58 00437 | 09519 | 09581 | 09605 | 09623 | 09648 | 09655 | 09656 .
0,60 0,941 1 0,9423 o | oos48 | 09572 | 09588 | 0,9612 | 0,9619 | 09620
0,62 0,0384 | 094568 | 09513 | 09535 | 09560 | 09573 | 09579 | 0,9580
0,64 0,9358 | 00425 | 09475 | 09495 | 09609 | 09529 | 095635 | 0,953 6
0,66 09332 | 09390 | 00434 | 09451 | 09464 | 09481 | 09487 | 09487
0,68 0,306 | 09354 | 09390 | 09404 | 09414 | 09429 | 09433 | 09434
0,70 00280 | 09316 | 09342 | 09353 | 09361 | 09372 | 09376 | 09375
0,72 09265 | 09276 | 09292 | 09298 | 09303 | 09309 | 09311 | 09311
0,74 09230 | 09235 | 09238 | 09239 | 09240 | 09241 | 09242 | 09242
0,76 ] 09207 | 09191 | 09180 | 09175 | 09172 | 00168 | 09166 | 09166
0,78 00184 | 09146 | 09118 | 09107 | 00099 | 09088 | 09084 | 0,908 4
0,80 09162 | 09100 | 09053 | 09034 | 09020 | 09001 | 0,8996 | 08995

NOTE — This table is given for convenience. It is not intended for precise interpolation.
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Re
o 2x10% | 3x10% | 5x104 | 7x10% 105 3x108 108 2 X108
8

0,30 en axe - 0,9900 | 09908 | 09919 | 09923 | 00924
0,32 - en e 09903 | 09912 | 0,9926 | 09930 | 09930
0,34 wes 09907 | 09918 | 09933 | 0,9938 | 09939
0,36 - 09913 | 09925 | 09943 | 09948 | 09949
0,38 . . eee 09922 | 0,9935 | 0,9954 | 0,9960 | 0,996 1
0,40 e e 09932 | 09947 | 09968 | 09974 | 09975
042 . . 09946 | 09961 | 09983 | 09990 | 0,999 1
0,44 09803 | 09881 | 09939 | 09962 | 09979 | 1,0002 | 1,0009 | 1,0010
0,46 09816 | 09896 | 09957 | 09982 | 09999 | 1,0024 | 1,0031 | 1,0032
048 09832 | 09917 | 09980 | 1,0005 | 1,0023 | 1,0049 | 10057 | 1,0058
0,50 09856 | 09942 | 1,0007 | 1,0033 | 1,0052 | 1,0078 | 1,0086 | 1,0087
052 09884 | 09973 | 1,0039 | 1,0066 | 10085 | 1,0112 | 10120 | 1,0121
0.54 09921 | 1,0010 | 1,0077 | 1,0104 | 1,0123 | 1,0150 | 1,0168 | 1,0160
0,56 09966 | 1,0065 | 1,0122 | 1,0148 | 10167 | 1,0194 | 1,0202 | 1,0204
0,58 1,0021 | 1,0109 | 1,0174 | 1,0200 | 1,0219 | 10245 | 1,0263 | 10254
0,60 10087 | 1,0171 | 1,0234 | 1,0269 | 1,0277 | 1,0303 | 1,0310 | 1,031 2
0.62 10165 | 1,0245 | 1,0304 | 1,0328 | 1,0345 | 1,0369 | 1,0376 | 1,0378 .
0.64 10268 | 1,0331 | 1,0386 | 1,0408 | 1,023 | 10446 | 1,0452 | 1,0453
0,66 1,0367 | 1,0432 | 1,0480 | 1,0500 | 71,0514 | 1,0533 | 1,0639 | 1,0840
0,68 1,0495 | 1,049 | 1,0690 | 1,0606 | 10618 | 10634 | 1,0639 | 1.0640
0,70 10646 | 1,0687 | 1,0717 | 1,0730 | 1,0738 | 1,07561 | 1,0754 | 1,0755
0,72 10823 | 1,0847 | 1,0866 | 1,0873 | 1,0879 | 1,0886 | 1,0888 | 1,0889
0,74 1,1031 | 1,1036 | 1,040 | 1,1042 | 1,043 | 1,1044 | 1,1045 | 1,104 5
0,76 11278 | 1,1260 | 1,1246 | 1,1240 | 1,236 | 1,1230 | 1,1229 | 1,1228
0,78 115672 | 1,1525 | 1,1489 | 1,1475 | 1,1466 | 1,1451 | 1,1447 | 1,144 6
0,80 1,1924 | 1,843 | 1,1782 | 1,1757 | 1,740 | 1,1716 | 1,1708 | 1,1706

NOTE — This table is given for convenience. It is not intended for precise interpolation.
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TABLE 32 — Long radius nozzle; discharge coefficient C ‘
Rep
104 2x10% | 5x10% | 108 2x105 | 5x105% | 108 5x10% | 107
B
0,20 0,967 3 09759 0,983 4 0,987 3 0,990 0 09924 0,993 6 0,995 2 0,996 6
0,22 0,965 9 09748 09828 0,986 8 0,989 7 0,992 2 0,9934 | 0,9951 09955
0,24 09645 | 09739 | 09822 | 09864 | 09893 | 098920 | 09933 | 09951 0,995 5
0,26 09632 | 09730 | 09816 | 09860 | 0,989 1 09918 | 09932 | 09950 | 09954
0,28 00619 | 09721 | 09810 | 09856 | 09888 | 09916 | 09930 | 09950 | 09954
0,30 0,960 7 0,971 2 098065 0,986 2 0,9885 0,991 4 0,9929 0,994 9 0,995 4
0,32 0,959 6 0,9704 0,980 0 0,984 8 0,988 2 0,991 3 09928 0,994 8 0,996 3
0,34 0,968 4 0,969 6 0,9795 0,984 6 09880 0,991 1 0,992 7 0,994 8 0,995 3
0,36 0,957 3 0,968 8 0,979 0 0,984 1 0,987 7 09910 0,9926 0,994 7 0,995 3
0,38 0,956 2 0,968 0 09785 0,983 8 0,987 5 0,9208 09925 0,994 7 0,995 2
040 0,955 2 0,967 3 0,978 0 0,983 4 0,987 3 0,990 7 0,9924 0,994 7 0,995 2
0,42 0,954 2 0,966 6 09776 0,983 1 0,987 0 0,990 5 09923 0,994 6 0,995 2
0,44 0,963 2 0,965 9 09771 09828 0,986 8 0,990 4 0,992 2 0,994 6 0,995 1
046 0,952 2 0,965 2 09767 09825 0,986 6 0,990 2 0,9921 0,994 56 0,995 1
048 09513 0,964 5 09763 0,982 2 0,986 4 0,990 1 0,9920 0,994 5 0,995 1 ‘
0,60 0,950 3 0,963 9 09759 0,981 9 0,986 2 0,9900 0,9919 0,994 4 0,995 0
0,52 09494 | 09632 | 09754 | 09816 | 09860 | 09898 | 0,9918 | 09944 | 0,9950
0,54 094856 0,9626 09750 0,981 3 0,985 8 0,989 7 09917 0,994 4 0,995 0
° 0,66 09476 0,9619 0,974 6 0,981 0 0,985 6 0,989 6 09916 0,994 3 0,9950
0,68 09468 | 09613 | 09743 | 09808 | 09854 | 09895 | 09915 | 0,9943 | 09949
0,60 09459 0,960 7 09739 0,9805 0,985 2 0,989 3 0,991 4 0,994 2 0,994 9
0,62 0,945 1 09601 | 09735 | 09802 | 0,9850 | 09892 | 09914 | 09942 | 09949
0,64 0,944 3 0,959 6 0,973 1 0,980 0 0,984 8 0,989 1 0,9913 0,994 2 0,994 8
0,66 0,9438 0,959 0 09728 09797 0,984 6 0,989 0 0,991 2 0,994 1 0,994 8
0,68 09427 0,958 4 09724 09795 0,984 5 0,988 9 0,991 1 0,924 1 0,994 8
0,70 09419 | 09579 | 09721 09792 | 09843 | 09888 | 09910 | 0,994 1 0,994 8
0,72 0,941 1 0,957 3 09717 0,979 0 0,984 1 0,988 7 0,991 0 0,994 0 0,994 7
0,74 0,940 3 0,956 8 0,971 4 09787 0,983 9 0,988 6 0,9909 0,994 0 0,994 7
0,76 00396 | 09562 | 09710 | 09785 | 09838 | 09884 | 09908 | 09940 | 09947
0,78 0,9388 0,955 7 0,970 7 0,978 3 0,983 6 0,988 3 0,9907 0,9939 0,994 7
0,80 0,938 1 09552 | 0,9704 | 09780 | 0,9834 | 09882 | 0,9907 | 09939 | 0,9947

NOTE — This table is given for convenience. It is not intended for precise interpolation. ‘
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TABLE 33 — Long radius nozzle; flow coafficient o
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Re
b 104 2x10% | 5x10% 10P 2x10% | 5x108 108 5x 108 107
i .
0,20 0,968 1 09766 | 09842 | 09881:1 09908 | 09932 | 09944 | 09960 | 09964
0,22 0,9670 | 09760 | 09840 | 09880 | 09908 | 09933 | 09946 | 09963 | 0,9967 -
0,24 0,966 1 09755 | 09838 | 098380 | 0,9910 | 09936 | 09950 | 09967 | 09971
0,26 09654 | 09752 | 09839 | 09882 | 09913 | 0,994 1 0,995 4 09973 | 09977
0,28 09649 | 09751 0,984 1 09886 | 09918 | 09947 | 09961 09980 | 09985
0,30 09646 | 09752 | 09845 | 0,9892 | 0,9925 | 09955 | 09970 | 09990 | 0,999 4
0,32 09646 | 09765 | 09852 | 09900 | 09935 | 09965 | 0,998 1 1,000 1 1,000 6
0,34 0,9649 | 0,976 1 0,986 1 0,991 1 09947 | 09978 | 09994 10015 | 10020
0,36 09655 | 09770 | 09873 | 09925 | 0,996 1 0,999 4 1,001 0 1,0032 | 1,0037
0,38 09664 | 09783 | 09889 | 09942 | 0,9980 1,001 3 1,003 0 1,005 2 1,005 8
0,40 09677 | 08799 | 09908 | 0,996 3 1,000 2 1,003 6 1,005 3 1,007 6 1,008 2
0,42 09694 | 09820 | 09931 0,998 8 1,002 8 1,006 3 1,0081 | '1,0105 10110
0,44 09716 | 09846 | 09960 1,001 8 1,005 8 1,009 5 1,011 3 1,0137 | 1,0143
0,46 09743 | 09875 | 09993 1,006 3 1,009 6 1,0132 1,016 1 1,017 6 1,0182
' 0,48 09776 | 09912 1,003 3 1,009 3 1,0137 1,017 6 1,0194 1,0220 | 1,0226
0,60 09816 | 09955 1,007 9 1,014 1 1,0185 1,0224 | 1,0244 1,027 0 1,0277
0,62 0,986 1 1,000 5 1,013 2 1,'019 6 1,024 1 1,028 1 1,030 2 1,0329 1,0335
0,54 0,991 6 1,006 3 1,0193 1,025 9 1,030 6 1,034 7 1,036 8 1,039 5 1,0402
0,66 0,998 0 1,0130 1,026 4 1,033 2 1,0379 10422 | 1,0443 1,047 1 1,047 8
0,58 1,005 4 1,0208 1,034 6 1,041 5 1,046 4 1,050 7 1,0529 1,055 8 1,066 5
0,60 1,0139 1,029 8 1,0439 1,061 0 1,056 0 1,060 4 1,062 7 1,066 7 1,066 4
0,62 1,023 7 1,040 1 1,054 5 1,061 8 1,067 0 1,0716 1,0739 1,076 9 1,077 7
0,64 1,035 1 1,051 8 1,0667 | 1,074 2 1,0795 1,084 2 1,086 6 1,089 8 1,0905
0,66 1,048 1 1,065 4 1,0807 1,088 4 1,0939 1,098 7 1,101 2 1,104 4 1,106 2
0,68 1,063 1 1,080 9 1,096 7 1,104 7 1,1103 1,1153 1,1178 1,121 2 1,1219
0,70 1,0805 1,098 8 1,116 1 1,123 3 1,1291 1,134 3 1,136 9 1,140 3 1,141 2
0,72 1,100 5 1,119 6 1,136 3 1,144 8 1,150 8 1,156 1 1,158 8 1,162 4 1,163 3
0,74 1,1238 1,143 5 1,160 9 1,169 7 1,176 9 1,181 4 1,184 2 1,1879 | 1,1888
0,76 1,1610 1,171 4 1,1895 1,198 7 1,205 1 1,210 9 1,2137 1,2176. | 1,2185
0,78 1,183 0 1,204 2 1,223 1 1,232 6 1,239 4 1,245 3 1,248 4 1,252 4 1,2633
0,80 1,220 9 1,243 1 1,262 9 1,2729 1,279 9 1,286 1 1,289 3 1,293 5 1,294 5
. NOTE — This table is given for convenience, It is not intended for precise interpolation.
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TABLE 34 — Nozzles; expansibility {expansion) factor ¢

pz/p.I 1,0 0,98 0,96 0,94 0,92 0,90 0,85 0,80 0,75

62 ﬁ4 fork=1,2
0 0 1,000 0,987 0,975 0,962 0,949 0,936 0,903 0,869 0,834
0,316 0,100 1,000 0,986 0,971 0,957 0,942 0,928 0,891 0,854 0,817
0,447 0,200 1,000 0,983 - 0,967 0,950 0,934 0,918 0,877 0,837 0,797
0,548 0,300 1,000 0,980 0,961 0,942 0,924 0,905 0,860 0,816 0,773
0,632 0,400 1,000 0,977 0,954 0,932 0,910 0,889 0,839 0,79 0,745
0,640 0,410 1,000 0,976 0,953 0,931 0,909 0,888 0,837 0,788 0,742

fork=13
0 0 - 1,000 0,988 0,977 0,965 0,953 0,941 0,910 0,878 0,846
0,316 0,100 | 1,000 0,987 0,973 0,960 0,947 0,933 0,899 0,864 0,829
0,447 0,200 1,000 0,986 0,969 0,954 0,939 0,924 0,886 0,848 0,810
0,548 0,300 1,000 0,982 0,964 0,947 0,929 0,912 0,870 0,828 0,787
0,632 0,400 1,000 0,978 0,957 0,937 0,917 0,897 0,849 0,804 0,760
0,640 0,410 | 1,000 0,978 0,957 0,936 0,915 0,895 0,847 0,801 0,757

fork =14
0 0 1,000 0,989 0,978 0,967 0,956 0,945 0,916 0,886 0,856
0,316 0,100 1,000 0,988 0,975 0,962 0,950 0,938 0,906 0,873 0,840
0,447 0,200 1,000 0,986 0,971 0,957 0,943 0,929 0,893 0,858 0,821
0,648 0,300 1,000 0,983 0,967 0,950 0,934 0,918 0,878 0,839 0,800
0,632 0,400 1,000 0,980 0,960 0,941 0,922 0,904 0,859 0,815 0,773
0,640 0,410 1,000 0,980 0,960 0,940 0,92 0,902 0,857 0,813 0,770

for K = 1,66

0 0 . 1,000 0,991 0,982 0,972 0,963 0,953 0,929 0,903 0,877
0,316 0,100 1,000 - 0,990 0,979 0,968 0,958 0,947 0,920 0,892 0,863
0,447 0,200 1,000 0,988 0,976 0,964 0,957 0,939 0,909 0,878 0,846
0,548 0,300 1,000 0,986 0,972 0,958 0,944 0,930 0,895 0,86 0,826
0,632 0,400 1,000 0,983 0,966 0,950 0,934 0,918 0,878 0,840 0,802
0,640 0,410 1,000 0,983 0,966 0,949 0,932 0,916 0,876 0,837 0,799

NOTE — This table is given for convenience. It is not intended for precise interpolation.
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TABLE 35 - Venturl nozzles;
‘ discharge and flow coefficients
¢ c o
0,316 0,984 7 0,989 6
0,320 0,984 6 0,989 8
0,340 0,984 3 0,990 9
0,360 09838 0,992 2
0,380 - 0,983 3 0,993 7
0,400 0,982 6 099556
0,420 0,9818 09975
0,440 0,980 9 09998
0,460 0,979 8 1,0025
0,480 09786 1,005 6
0,600 09771 1,009 2
0,520 09755 1,013 2
0,540 09736 1,017 8
0,560 09714 1,0230
‘ 0,580 0,968 9 1,028 9
0,600 0,966 1 1,035 6
0,620 0,963 0 1,043 1
0,640 0,959 5 1,051 8
0,660 0,955 6 1,061 6
0,680 0,951 2 1,0728
0,700 0,946 4 1,085 7
0,720 09411 1,100 6
0,740 0,935 2 1,117 7
0,760 0,928 8 1,137 8
0,775 0,9236 1,165 1

NOTE - This table is given for convenience. It is
not intended for precise interpolation.
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ANNEX B

CLASSICAL VENTURI TUBES USED OUTSIDE THE SCOPE COVERED
BY THIS BR!TISH STANDARD

B.1 GENERAL

As indicated in 9.1.56.1 of this British Standard the effects
. of Rep, k/D and § on C are not yet well enough known to
allow standardization outside the limits specified in this
British Standard.

This annex therefore aims at summarising the data which
can be used from all the available results; the values or the
direction of variation of discharge coefficients and the
uncertainties are given in terms of the various parameters
(8, Rep and k/D) in order to allow an assessment of the
rate of flow. These various effects will be dealt with
separately though some results show that they are not
independent,

In particular the number of tests available on this subject is .

small and these tests were mostly carried out on venturi

tubes whose geometry was not strictly in accordance with

this British Standard. As a result the reliability not only
of the discharge coefficients but also of the uncertainties
is relatively low,

B.2 EFFECTS OF THE DIAMETER RATIO

From an examination of the results available for venturi
tubes with diameter ratios around and above § = 0,75% it
has been noted that the spread of measured discharge
coefficients is wider than for smaller diameter ratios. Hence
an increase in the uncertainty on the coefficient should be
adopted.

In order to allow an assessment of the uncertainty on the
flow, it is recommended to double the uncertainty on C
when § is above the maximum permissible value.

B.3 INFLUENCE OF THE REYNOLDS NUMBER Rej,

B.3.1 General

The effects of the Reynolds number Rep, vary according to

the type of classical venturi tube. They are shown by a

variation in the discharge coefficient and by an increase of
the uncertainty.

These variations are more important when Rey, is less than
the specified minimum of Rep than when Rep, is greater
than the specified maximum of Rep.

B.3.2 Case of the classical venturi tube with a rough-cast
convergent

The effects of Reynolds number are as described below.

When Rep decreases below 2 x10°% the discharge coeffi-
cient C decreases steadily and the uncertainty increases.

When Rep, increases above 2 x 108 the discharge coefficient
does not appear to change with Reynolds number nor does
the uncertainty.

For an approximate estimation of the rate of flow, the
following values of the discharge coefficient C and the
uncertainty, given as guidance, may be used

Uncertainty
ReD c %
4 x104 0,957 2,5
6 x 104 0,966 2
1 X105 0,976 1.5
1,6 X108 0,982 1

B.3.3 Case of the classical venturi tube with a machined
convergent

The effects of Reynolds number are as described below.

When Rep, decreases below 2 x 105 it is often found that
there is a small increase in the discharge coefficient C
before there is a steady decrease with decreasing Rep. The
uncertainty on C increases slowly at first and then rapidly.

When Rep increases above 2 x 108 it is found occasionally
that there is a slight increase of C with Rep; the uncer-
tainty on C also increases stightly.

It is believed that there is sufficient evidence available to
justify the statement that the discharge coefficient of this
type of venturi tube is a function of ARey, the Reynolds
number based on the throat diameter, and not a function
of Rep. The results available show that better correlation
is achieved in terms of Re, than in terms of Rep.

The position of the highest point of the curved hump
referred to above corresponds to a value of Re, lying
between 2 x 105 and 4 x 105,

* Values given below are based on tests carried out on venturi tubes of diameter ratio § up to 0,8.

62




BSI BSx1L042 PTL

In order to allow an assessment of the rate of flow the
following values of the discharge coefficient and the uncer-
tainty, given as guidance, may be used :

R e, c Unce;:‘ainty
6 X104 0,970 3
1x10° 0,977 2,5
2 X108 0,992 2,5
3x10% 0,998 1,56
5 X 105 0,995 1

* For low Reynolds number, the spread of experimental results is
not a Gaussian distribution, the mean deviation of results smaller
than the mean value of C being greater than that of greater values.

B.3.4 Case of the classical venturi tube with a rough-
welded sheet-iron convergent

When Rep decreases below 2 x 10% the discharge coef-
ficient C decreases slightly while the uncertainty on C
increases.

Through there is relatively less information on this type of
venturi tube, the following values of the discharge coef-
ficient and the uncertainty, given as guidance, may be used
to obtain an assessment of the rate of flow :

Uncertainty
Rep c %
4 x10% 0,96 2,3
6 x104 0,97 2,56
1x105 0,98 2,5

The discharge coefficient does not appear to change when
Rep is greater than 2 x 108,

SEC*1.1 61 B lb24bkd 0138931 4 WM
BS 1042 : Section 1.1 : 1981

Above Rep = 2 x 108, it is advisable to make the uncer-
tainty equal to 2 %.

B.4 EFFECTS OF THE RELATIVE ROUGHNESS /D

B.4.1 Rougness of the classical venturi tube

It can be said that an increase of the convergent roughness
reduces the discharge coefficient C. Considering the present
stage of knowledge, it is not possible to determine the value
of that reduction, but it does not seem to exceed 2 %.

Classical venturi tubes with a machined convergent seem to
be more sensitive to that effect than classical venturi tubes
with rough-cast or rough-welded sheet-iron convergents.

The pressure loss of the venturi tube is also affected by an
increase of the roughness.

B.4.2 Roughness of the upstream pipe

An increase of the upstream pipe roughness involves an
increase of the discharge coefficient C for the classical
venturi tube. It appears that this effect becomes all the
more marked as f§ becomes greater.

There are insufficient satisfactory data to provide quanti-
tative results on this subject.

In order to allow an estimation of the discharge coefficient
and the uncertainty, it may be noted that transfer from a
hydraulically smooth pipe to a pipe the relative roughness
of which is 5 x 1074 may involve increases of the discharge
coefficient ranging from 0,2 to 0,7 % for § = 0,5.

Considering the present knowledge in this field, it is
recommended to increase the uncertainty on C by a
quantity at least equal to half the correction made on C.
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ANNEX C

PRESSURE LOSS IN A CLASSICAL VENTURI TUBE

All values mentioned in this annex are indications given for
guidance only. -

C.1 For a classical venturi tube with a total angle of the
divergent equal to 7° and a pipe Reynolds number Rep
Ap” _ A !

. Ap

generally lie in the hatched area shown on figure 11 a). The
values of & close to the upper threshold of this area should
meet for the upper values of the relative roughness k/D and,
therefore for a given manufacturing design, for the classical
venturi tubes the diameters of which are the smallest.

greater than 106, the relative loss & = should

C.2 For a given venturi tube, & decreases when Rep

SEC*1.1 81 B 1L24kbd 0134932 L M

increases and it seems to reach a limiting value above
about Rep = 1086. Figure 11b) gives an approximation
on how varies the ratio of £ to its limiting values.

C.3 The relative pressure loss increases with the angle of
the divergent. Figure 11 ¢) shows, everything else being
equal, the ratio of the valtes of £ for two venturi tubes the
angles p of which dre equal to 15° and 7°.

C.4 No precise indication is at present available on the
pressure loss of a truncated venturi tube. It is however
considered that the length of the divergent may be reduced
by about 35 % without a significant increase of the pressure
loss,
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FIGURE 11 — Value of the pressure loss across a classical venturi tube
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