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Foreword

national standards bodies (ISO member bodies). The wark of prepari
Standards is normally carried out through ISO technical committees

g International
Each member

iSO (the internationai Organization for Standardization) is-a woridwiT’e federation of

body interested in a subject for which a technical committee has been|established has
the right to be represented on that committee,-International organizations, govern-

mental and non-governmental, in liaison with\ISO, also take part in

the work. ISO

collaborates closely with the International Electrotechnical Commissfon (IEC) on all

matters of electrotechnical standardization.

Draft International Standards adopted by the technical committees aye circulated to

the member bodies for voting.«Publication as an International Sta
approval by at least 76 % of the'member bodies casting a vote.

International Standard SO 9300 was prepared by Technical Commit}
Measurement of fluidsflow in closed conduits.

ndard requires

ee ISO/TC 30,

Annexes A, Bvand C form an integral part of this International Standard. Annexes D

and E are fot-information only.
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INTERNATIONAL STANDARD

1ISO 9300 : 1990 (E)

Measurement of gas flow by means of critical flow

Venturi nozzles

This International Standard specifies the geometry and method
of use (installation in a system and operating conditions) of
critical flow Menturi nozzles used to determine the mass flow-
rate of a gag flowing through a system. It also gives the infor-
mation negessary for calculating the flow-rate and its
associated Uncertainty.

It applies to Venturi nozzles in which the gas flow accelerates to
the critical elocity at the throat (this being equal to the local
sonic velocitly). At the critical velocity, the mass flow-rate of the
gas flowing [through the Venturi nozzle is the maximum poss-
ible for the ¢xisting upstream conditions.

This International Standard is applicable only where there is
steady flow|of single-phase gases. The critical flow Venturi
nozzles dealt with can only be used within specified limits,)-e.g.
limits for thp nozzle throat to inlet diameter ratio and throat

Reynolds number. It deals with Venturi nozzles for which direct
calibration gxperiments have been made in sufficient number
and quantity to enable inherent systems of application to be
based on their results and to enable coefficients to be given

with certain|predictable limits of uncertainty.

The Venturi jnozzles specified in thi§Anternational Standard are
called “‘primpry devices’'. The other instruments necessary for
the measurdment of the flow-rate are known as ‘’secondary
devices’’. THis InternationakStandard principally covers primary
devices; secondary devices are discussed only occasionally.

Information i given_inthis International Standard for cases where

a) the gipeline upstream of the Venturi nozzle is of circular
cross-sedtion, or

internal surface of the conduit. “The tapping Is achieved such
that the pressure within the_hole is the static|pressure at that
point in the conduit.

2.1.1.2 static préssure of a gas: Actual [pressure of the
flowing gas which can be measured by conngcting a pressure
gauge to a wall pressure tapping.

NOTE ~— Only the value of the absolute static presgure is used in this
International Standard.

2.1.1.3 stagnation pressure of a gas: |Pressure which
would exist in the gas in a flowing gas stream if| the stream were
brought to rest by an isentropic process.

NOTE — Only the value of the absolute stagnation pressure is used in
this International Standard.

2.1.2 Temperature measurement

2.1.2.1 static temperature of a gas: Actugl temperature of
the flowing gas.

NOTE — Only the value of the absolute static temperature is used in
this International Standard.

2.1.2.2 stagnation temperature of a gas: Temperature
which would exist in the gas in a flowing gps stream if the
stream were brought to rest by an isentropic process.

NOTE — Only the value of the absolute stagnation t¢emperature is used

b) it can be assumed that there is a large space upstream
of the Venturi nozzle.
2 Definitions and symbols

2.1 Definitions

For the purposes of this International Standard, the following
definitions apply.

2.1.1 Pressure measurement

2.1.1.1 wall pressure tapping: Hole drilled in the wall of a
conduit in such a way that the edge of the hole is flush with the

in this International Standard.

2.1.3 Critical flow nozzles

2.1.3.1 Venturi nozzle: Convergent/divergent restriction
inserted in a system, intended for the measurement of flow-
rate.

2.1.3.2 throat: Section of minimum diameter of a Venturi
nozzle.

2.1.3.3 critical Venturi nozzle : Venturi nozzle for which the
nozzle geometrical configuration and conditions of use are
such that the flow-rate is critical.
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2.1.4 Flow

2.1.4.1 mass flow-rate, g,,: Mass of gas per unit time pass-
ing through the Venturi nozzle.

NOTE — In this International Standard, the term flow-rate always
refers to mass flow-rate.

2.1.4.2 throat Reynolds number, Re;: Dimensionless
parameter calculated from the gas velocity, the gas density at
the nozzle throat and the gas dynamic viscosity at nozzle inlet

2.1.4.7 real gas critical flow coefficient, Cg: Alternative
form of the critical flow function, more convenient for gas mix-
tures. It is related to the critical flow function as follows:

Cgr = C,Z12

2.1.4.8 critical pressure ratio, r,: Ratio of the absolute
static pressure of the gas at the nozzle throat to the absolute
stagnation pressure for which the gas mass flow-rate through
the nozzle is a maximum. ‘

stagnation condittons. The characteristic dimension is taken as
the throat diametpr at working conditions. The throat Reynolds
number is given py the formula

49m |
ndug

Red =

2.1.4.3 isentropic exponent, x: Ratio of the relative vari-
ation in pressur¢ to the corresponding relative variation in
density under elementary reversible adiabatic (isentropic) trans-
formation condit{ons:

=2 (orf) _ec
p \dells »p

p is the absplute static pressure of the gas;
© is the denpity of the gas;
¢ is the locgl speed of sound;

the subscript|S means ‘‘at constant entropy”’.

For an ideal gaT”, Kk is equal to the ratio of _specific heat

capacities y and
diatomic gases,

2.1.4.4 discha
actual flow-rate

is equal to 5/3 for monatomic'gases, 7/5 for
B/7 for triatomic gases, etc.

ge coefficient, C: Dimensionless ratio of the
fo the ideal flow-rate-that would be obtained

with one-dimendional isentropi¢ flow for the same upstream

stagnation condi

flow field curvat]

lation conditions

function of the t

tions. This coefficient corrects for viscous and
Lire effects. _For the nozzle design and instal-
specified_in this International Standard, it is a
hroat Reynolds number only.

2-+4-9—bael—pressure—ratio-—Ratio—ofthe—absqglute nozzle
exit static pressure to the absolute nozzle upstréan] stagnation
pressure at which the flow becomes critical,

2.1.4.10 Mach number, Ma, (at nozzle upstreanj static con-
ditions) : Ratio of the mean axial fluid’velocity to th¢ velocity of
sound at the inlet of the Venturi nozzle.

2.1.4.11 compressibility \factor, Z: Correction factor
expressing numerically the\deviation from the idea| gas law of
the behaviour of a real gas at given pressure and {emperature
conditions. It is defined by the formula

pM
ORT

where<R," the molar gas constant, equals 8,314 3 J/(mol.K).
245 uncertainty: Estimate characterizing the ranfe of values
within which the true value of a measurand lies, at 95 % probability.

In some cases, the confidence level which can be Jattached 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 cglculation of
flow-rate is known with a confidence level in excesg of 95 % in
such a case, reference should be made to ISO 5168.

2.2 Symbols

The symbols used in this International Standard arelspecified in
table 1.

3 Basic equations

3.1 State equation

The behaviour of a real gas can be described by the formula

2.1.4.5 critical flow: Maximum flow-rate for a particular
Venturi nozzle which can exist for the given upstream con-
ditions. When critical flow exists the throat velocity is equal to
the local value of the speed of sound (acoustic velocity), the
velocity at which small pressure disturbances propagate.

plo = (RIM) TZ

3.2 Flow-rate under ideal conditions

For ideal critical flow-rates to exist, three main conditions are

. ) . . . necessary :
2.1.4.6 critical flow function, C,: Dimensionless function

which characterizes the thermodynamic flow properties of an a) the flow is one-dimensional;
isentropic and one-dimensional flow between the inlet and the
throat of a Venturi nozzle. It is a function of the nature of the
gas and of stagnation conditions (see 3.2). c) the gasis perfect (i.,e. Z = 1and k¥ = y).

b) the flow is isentropic;

1) In real gases, the forces exerted between molecules as well as the volume occupied by the molecules have a significant effect on the gas
behaviour. In an ideal gas, intermolecular forces and the volume occupied by the molecules can be neglected.
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Symbol duantity Dimensions! Sl unit
Ay Cross-sectional area of Venturi nozzle exit 12 m2
A, Cross-sectional area of Venturi nozzle throat L2 m2

C Discharge coefficient dimensionless
Cr Real gas critical flow coefficient (for one-dimensional flow of a real gas) dimensionleés
C, Critical flow function (for one-dimensional flow of a real gas) dimensionless
C, Criti&al flow function (for one-dimensional isentropic flow of a perfect gas) dimensionless
D Diameter of upstream conduit L m
d . Diameter of Venturi nozzle throat L m
E Relative uncertainty dimensiofless
e Absolute uncertainty 2.
M Molar mass M kg kmol-1
Ma, Mach number at nozzle inlet static conditions dimensionless
P Absolute static pressure of the gas at nozzle inlet ML-1T-2 Pa
D2 Absolute static pressure of the gas at nozzle exit ML-1T-2 Pa
Po Absolute stagnation pressure of the gas at nozzle inlet ML-1T-2 Pa
D. Absolute static pressure of the gas at nozzle throat ML-1T-2 Pa
D Absolute static pressure of the gas at nozzle throat for one-dimensidnalisentropic flow ML-1T-2 Pa
of a perfect gas
(pa/ ol Ratio of nozzle exit static pressure to nozzle inlet stagnation pressure for one- dimensionless
dimensional isentropic flow of a perfect gas

dm Mass flow-rate MT-1 kg-s-1
Qi Mass flow-rate for one-dimensional isentropic flow{of an inviscid gas MT-1 kg-s-1
R Universal gas constant ME2T-2@-1 J-kmol-1 K-1
Re, Nozzle throat Reynolds number dimensionless

re ’ Radius of curvature of nozzle inlet L m

r, | Critical pressure ratio p,/p, dimensionless

Ty Absolute stagnation temperature of the gas at nozzle inlet ®

T, Absolute static temperature’of the gas at nozzle inlet 0

T, Absolute static temperature of the gas at nozzle throat (©]

v, Throat sonic flew yelocity; critical flow velocity at the throat LT-1 m-s-1

V4 Compressibility*factor dimensionless

) Diameter ratio d/D dimensionless

Y Ratigof the specific heat capacity at constant pressure ¢, to the specific heat capacity at dimensionless

constant volume ¢,

K [ TSETropiC EXPOTTENT dimensiontess——

Uo Dynamic viscosity of the gas at stagnation conditions at nozzle inlet ML-1T-1 Pa-s
U, Dynamic viscosity of the gas at nozzle throat ML-1T-1 Pa-s
Qo Gas density at stagnation conditions at nozzle inlet ML-3 kg-m-3
0, Gas density at nozzle throat ML-3 kg-m-3

1) M = mass; L = length; T = time; ® = temperature.

2) The dimension of this parameter is the dimension of the quantity to which it relates.
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Under these conditions, the critical flow-rate is given by

A*C*ipo

Imi = TR/M) Tq)12

or

Ami = A*C.i(PoQo)”Z

where

nozzle, the flow is directly proportional to the nozzle upstream
stagnation pressure and not, as in the case of the subsonic
meter, to the square root of a measured differential pressure.

The maximum flow range which can be obtained for a given
critical Venturi nozzle is generally limited to the range of inlet
pressures which are available above the inlet pressure at which
the flow becomes critical.

The most common applications to date of critical flow Venturi
nozzles have been for tests, calibration and flow control.

2 (y+1)/2(p -1
C*- = y1/2 '
! T 1/

3.3 Flow-ratg under real conditions

For flow-rates unjder real conditions, the formulae for critical
flow-rates beconle

A,CC.py

Im = URIM\Ty1172
or
dm= A.CCrlpoeo)/?
since

Cr = C,Zy"p

where Z; is the value of the compressibility factor at stagnation
conditions at noZzle inlet:

Zo = poM/Q(RTO

It should be notefl that C, and Cp are not equal to C,; because
the gas is not peffect, C is less than unity since the flowiisnot
one-dimensional pnd a boundary layer exists owing to viscous
effects.

4 Applications for which the method is
suitable

Each application [should be evaluated to determine whether a
critical flow Ventfuri nozzle orcsome other device is the most
suitable. An impg¢rtant consideration is that the flow through
the Venturi nozzlg be independent of the downstream pressure
(see 7.6) within the pressure range for which the Venturi nozzle
can be used for ¥ritical flow measurement.

b Standard critical flow Venturi nozzles

5.1 General requirements

5.1.1 The Venturi nozzle shall be\inspected to determine that
it conforms with the requireménts of this International Stan-
dard.

5.1.2 The Venturi ngzzle’shall be manufactured from material
suitable for the intended application. Some considgrations are
that

a) it should be possible to finish the material to the re-
quired-condition; some materials are unsuitable owing to
thecinclusion of pits, voids and other inhomogeheities,

b) the material, together with any surface treaiment used,
shall not be subject to corrosion in the intended gervice, and

c) the material should be dimensionally stable [and should
have known and repeatable thermal expansipn charac-
teristics (if it is to be used at a temperature other than that at
which the throat diameter has been measured) |so that the
appropriate throat diameter correction can be made.

5.1.3 The throat and toroidal inlet up the conicgl divergent
section of the Venturi nozzle shall be smoothly finighed so that
the arithmetic average roughness R, does rot exceed
15 x 10-64.

5.1.4 The throat and toroidal inlet up the conicgl divergent
section shall be free from dirt, films or other contamination.

5.1.5 The form of the conical divergent section of|the Venturi
nozzle shall be checked to ensure that any stepp, disconti-

Some other considerations are as follows.

For critical flow Venturi nozzles the only measurements re-
quired are the gas pressure and the gas temperature or density
upstream of the critical Venturi nozzle since the throat con-
ditions can be calculated from thermodynamic considerations.

The velocity in the critical Venturi nozzle throat is the maximum
possible for the given upstream stagnation conditions, and
therefore the sensitivity to installation effects is minimized
except for those of swirl which shall not exist in the inlet part of
the Venturi nozzle.

When comparing sonic Venturi nozzles with subsonic pressure-
difference meters it can be noted that in the case of the critical

nuities, irregularities and lack of concentricity do not exceed
1% of the local diameter. The arithmetic average roughness R,
of the conical divergent section shall not exceed 10-4d.

5.2 Design
There are two designs of standard Venturi nozzles, i.e. the

toroidal throat Venturi nozzle and the cylindrical throat Venturi
nozzle.

5.2.1 Toroidal throat Venturi nozzle

5.2.1.1 The Venturi nozzle shall conform with the specifi-
cations shown in figure 1.
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Inlet plane

1d min.

L——‘__—\
2,5%t0 6°

D =4d
5

L

\. Intersection of toroidal
surface and divergent section

)

1) P, gressure measurement.
2) In this region the arithmetic average roughness R, shall not

exceed |15 X 10-6d and the contour shall not deviate from
toroidal|form by more than + 0,001d.

5.2.1.2 Forpurposes of locating other elements of the Venturi
nozzle critichl flow metering system, the inlet plane of the
Venturi nozZe is defined as that plane perpendicular to the axis
of symmetry which intersects the inlet at a diameter equal
t02,5d £ 0,[ld.

5.2.1.3 Th¢ convergent section of the Venturi nozzle-(inlet)
shall be a pprtion of a torus which shall extend through the
minimum arga section (throat) and shall be tangential to the
divergent segtion. The contour of the inlet upstream of the inlet
plane (see 5|2.1.2) is not specified, except /that the surface at
each axial Igcation shall have a diametef equal to or greater
than the extgnsion of the toroidal contouf:

5.2.1.4 The toroidal surface 6fjthe Venturi nozzle located
between thelinlet plane and the divergent section (see figure 1)
shall not dgviate from the<shape of a torus by more. than
+ 0,001d. The radius ofeurvature r of this toroidal surface in a
plane in whith the axis,of symmetry lies shall be 1,8d to 2,2d.

5.2.1.5 The¢ Cdivergent section of the Venturi nozzle
downstream i i

Figure 1 — Toroidal throat Venturi fiozzle

r=18d to 2.2d

S average roughness R

In ‘this region the arithmetic

| of the —

surface shall not excded 10~4d

Inlet surface(shall lie
within thé/hatched zone

5.2.2.3 The convergent section of the Vent
shall*be a quarter of a torus tangential on one
plane (see 5.2.2.2) and on the other hand t
throat. The length of the cylindrical throat a

Uri nozzle (inlet)
hand to the inlet
b the cylindrical
hd the radius of

curvature r; of the quarter of torus shall be equal to the throat

diameter.

5.2.2.4 The inlet toroidal surface of the Venturi nozzle shall
not deviate from the shape of a torus by morg than * 0,0014d.

5.2.2.5 The flow-rate shall be calculated

from the mean

diameter at the cylindrical throat outlet section. The mean

diameter shall be determined by measurin
angularly equally distributed diameters on the
outlet. No diameter along the throat length
more than = 0,001d from the mean diameter,

The length of the throat shall not deviate
diameter by more than 0,05d.

The connection between the quarter of torus a
throat shall be inspected visually and no d

g at least four
tylindrical throat
shall deviate by

from the throat

hd the cylindrical
efect should be
rved, it shall be

checked that the local radius of curvature in a plane in which
the axis of symmetry lies is never less than 0,5d throughout the
inlet surface (quarter of torus and cylindrical throat). The total
area of the inlet surface shall be properly polished so that the
arithmetic average roughness R, does not exceed 15 x 10-6d.

a frustum of a cone with a half-angle between 2,5° and 6°. The
length of the divergent section shall be not less than the throat
diameter.

5.2.2 Cylindrical throat Venturi nozzle
v The connection between the cylindrical throat and the
divergent section shall also be visually inspected and no defect
5.2.2.1 The Venturi nozzle shall conform with the specifi- shall be observed.

cations shown in figure 2.

5.2.2.6 The divergent section of the Venturi nozzle comprises
a frustum of a cone with a half-angle between 3° and 4°. The
length of the divergent section shall be not less than the throat
diameter.

5.2.2.2 The inlet plane is defined as that plane which is
tangential to the inlet contour of the Venturi nozzle and perpen-
dicular to the nozzle centre-line.
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Inlet plane

1d min.

3°to4°

D>4d

2)

} rc=d

1) In this region the arithmetic average roughness R, of the surface shall not exceed 15 x 10-84-and the contour shall fot

deviate from toroidal and cylindrical form by more than + 0,001d.

2) In the conical divergent section the arithmetic average roughness R, shall not exceed 10-4@)

6 Installatign requirements

6.1 General

This International Standard applies to the installation of critical
Venturi nozzles when either

a) the pipelipe upstream of the Venturi nozzle is of circular
cross-section, or

b) it can bejassumed that there is a large space upstream
of the Ventur] nozzle.

For case a), the |primary device shall be-installed in a system
meeting the requirements of 6.2. Fer.case b), the primary
device shall be irjstalled in a systeprmeeting the requirements
of 6.3. In both ca|1es, swirl shall not.exist upstream of the Venturi
nozzle. Where a pipeline exists Upstream of the nozzle, swirl-free
conditions can be ensured by installing a flow straightener of the
design shown in figure 3'at-a distance /; > 5D upstream of the
nozzle inlet plane

Figure 2 — Cylindrical throat Venturi nozzle

the primaty, device or to the inlet plane of the primary device, as
defined\in 5.2.1.2 or 5.2.2.2.

6.4 Downstream requirements

No requirements are imposed on the outlet conduit|except that
it shall not restrict the flow so as to prevent critical flow in the
Venturi nozzle.

6.5 Pressure measurement

6.5.1 When a circular conduit is used upstream of|the primary
device the upstream static pressure shall prgferably be
measured at a wall pressure tapping at a distance 0,0D to 1,1D
from the inlet plane of the Venturi nozzle (see figure 1). The
wall pressure tapping may be located upstream or downstream
of this position provided that it has been demonstralted that the
measured pressure can be used reliably to give the|nozzle inlet
stagnation pressure.

6.2 Upstreaym pipeline

The primary device may be installed in a straight circular con-
duit which shall be concentric within + 0,02D with the centre-
line of the Venturi nozzle. The inlet conduit up to 3D upstream
of the Venturi nozzle shall not deviate from circularity by more
than 0,01.D and shall have an arithmetic average roughness R,
which shall not exceed 10-4D. The diameter of the inlet con-
duit shall be a minimum of 4d.

6.3 Large upstream space

It can be assumed that there is a large space upstream of the
primary device if there is no wall closer than 54 to the axis of

6.56.2 When it can be assumed that there is a large space
upstream of the primary device the upstream wall pressure
tapping shall preferably be located in a wall perpendicular to the
inlet face of the primary device and within a distance of
10d £ 1d from that plane. The wall pressure tapping may be
located upstream or downstream of this position provided that
it has been demonstrated that the measured pressure can be
used reliably to give the nozzle inlet stagnation pressure.

6.5.3 For the wall pressure tapping mentioned in 6.5.1, and
preferably also for that mentioned in 6.5.2, the centre-line of
the wall pressure tapping shall meet the centre-line of the
primary device and be at right angles to it. At the point of the
breakthrough, the hole shall be circular. The edges shall be free
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—

18010220
[2 >0 090 to 110 Nozzle inlet
1) 2) s~ plane
|
|
3) |

L=5D

| Vane thickness to be adequate
to prevent buckling

1) P, pressufe measurement.
2) T, tempefature measurement.

3) In this region the surface roughness shall not exceed 10-4D.

from burrs, pnd shall be square or lightly rounded to a radius
not exceeding 0,1 times the diameter of the wall pressure tap-
ping. It shall be confirmed by visual inspection that the wall
pressure tagpings comply with these requirements. When an
upstream pipeline is used the diameter of the wall pressure tap-
ping shall bg less than 0,08 D and preferably less than 12 mm.
The wall prgssure tapping shall be cylindrical for a minimum
length of 2,% times the diameter of the tapping (see figure 4).

d',s 0,080 (< 12 mm preferably)

>2 54+

/A

A

1) Edge of Hole flush with internal sufface of conduit, burr-free and
square to a radius not exceeding 0, ¥d,.

WD,

Figure 4| — Detail of a“wall pressure tapping when
an upstream pipeline is used

6.5.4 The downstream pressure shall be measured to ensure
that critical flow’is maintained. This pressure shall be measured
by using a ponduit wall pressure tapping located within 0,5

Figure 3 — Installation requirements for an upstream pipework-configuration

through these drain holes while the flow meas

rement is in pro-

gress. If drain‘holes are required they shall be located upstream
of the nozzle’ upstream wall pressure tapping.|The diameter of
the drain.holes should be smaller than 0,06 D. The axial distance
from the-drain hole to the plane of the upstream wall pressure
tapping shall be greater than D and the hole shall be located in an

axial plane different from that of the wall pre:

6.7 Temperature measurement

The inlet temperature shall be measured using
sors located upstream of the Venturi no
upstream pipeline is used the recommended |
sensors is 1,8 D to 2,2 D upstream of the inlet
turi nozzle. The diameter of the sensing elen
larger than 0,04D and the element shall not i
wall pressure tapping in the flow direction. If i
to use a sensing element of diameter less
sensing element shall be so located that it can
that it does not affect the pressure measuren;
can be located further still upstream provided
demonstrated that the measured temperatu
reliably to give the nozzle inlet stagnation ten

Particular care has to be exercized in the
temperature sensor and the insulation of
stagnation temperature of the flowing gas diff

ure tapping.

bne or more sen-
zzle. When an
bcation of these
lane of the Ven-
ent shall be not
e aligned with a
is impracticable
han 0,04D, the
be demonstrated
ent. The sensor
that it has been
re can be used
perature.

belection of the
bipework if the
ers from that of
re than 5 K. In

the medium surrounding the pipeline by mg

times the conduit diameter of the exit plane of the divergent
section.

6.5.5 In some applications the outlet pressure can be deter-
mined without the use of a wall pressure tapping. For example,
the Venturi nozzle may discharge directly into the atmosphere
or other region of known pressure. In these applications the
outlet pressure need not be measured.

6.6 Drain holes

The conduit may be provided with the necessary drain holes for
the removal of condensate or other foreign substances that
may collect in some applications. There should be no flow

these cases the sensor selected shall be insensitive to radiation
error and the pipework shall be well lagged to minimize heat
transfer between the flowing gas and the surrounding medium.
If the temperatures of the flowing gas and the pipe wall differ
significantly it is extremely difficult to measure the gas
temperature accurately.

6.8 Density measurement

For some applications, it may be desirable to measure directly
the gas density at the nozzle inlet, for instance when the molar
mass of the gas is not known with a sufficient accuracy.

When a densitometer is used, it shall be installed upstream
of the nozzle and of the upstream pressure and temperature
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tappings. To achieve correct measurement of the inlet gas
density, particular attention shall be given to the following
points.

a) The installation of the densitometer shall not disturb the
pressure and temperature measurements.

b) When the densitometer is located outside the main
upstream pipe, checks shall be carried out to ensure that the
gas in the device is the same as the gas flowing in the main
conduit.

7.2.2 The discharge coefficient for the Venturi nozzle may be
obtained from the following equation:

C=a—-bRe;, "
The coefficients a, b and n are given in table 2 for each type of

Venturi nozzle for the range of throat Reynolds number over
which they may be used.

7.2.3 The relative uncertainty in the discharge coefficients

c) The pressullre and temperature conditions at the den-
sitometer should be as close as possible to the nozzle inlet
conditions in qrder to avoid corrections. If necessary, the
inlet density sHall be computed from the measured density
using the equdtion of state:

0 dp T, Z,

where the supscript d indicates ‘‘relative to the den-
sitometer’’.

7 Calculation methods

7.1 Mass flow-rate

The actual mass flow-rate shall be computed from one of the
following equatioms:

R 1/2
qdm = A.CC.Ho M Ty

qm = A,CCg[poog)'/2

or

7.2 Dischargg coefficient

7.2.1 The dischdrge coefficient depends largely on the shape
of the Venturi nozgle and it.shall be noted that at small values of
the throat diametdr the nozzle geometry is very difficult to con-
trol and measure.

obtaimed-fromtheequatiorrspecifiedim72:2s—+06;% %, at the
95 % confidence level, for both types of nozzle.

Values of the discharge coefficient are givernin annex A.

7.3 Critical flow function

The value of C, used to calCulate the gas mass flow-rate may
be computed using any method of demonstrable|accuracy.
Values of C, for variods gases are given in annex B

7.4 Real gas-critical flow coefficient

The valué-of Cg used to calculate the gas mass flow-rate may
be computed using any method of demonstrable a¢curacy. A
method of computation of Cg for natural gases is given in
annex C.

7.5 Conversion of measured pressure and
temperature to stagnation conditions

The inlet stagnation pressure py may be determinegl from the
relationship

_ /i = 1)
20 _ (14 52T )
D1 2

The inlet stagnation temperature 7 may be deternined from
the formula

Ty K—1

Ma ?

Table 2 — Coefficients a, b and n

Toroidal throat Venturi Cylindrical throat Venturi

nozzle nozzle

a = 0,9887
3,6 x 105 < Re,; < 2,6 x 108

a =0,9935 b=n=0

105 < Re, < 107 b =15250 =1
n =205 2,6 x 106 < Re,; <2 x 107 b =0,2165
n =202
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7.6 Maximum permissible downstream pressure provided that it can be verified that the flow is critical. The

: pressure ratio p,/p, is not significantly affected by extending
For Venturi nozzles operating at throat Reynolds numbers the cone length such that the exit area is greater than four
greater than 2 x 105 and having exit cones longer than d the times the throat area, i.e. beyond seven diameters for a cone
maximum permissible downstream pressure is determined from half-angle of 4°.

the relationship

(Do Polmax = 0.8 [(Do/ Do) — 1] + 7. 8 Uncertainties in the measurement of
flow-rate
where . . .
Useful general information on this subject is given in ISO 5168.
2 \k/lk=1
T =\ +1) 8.1 General
The value of (p,/py); is determined from the isentropic ideal gas 8.1.1 The uncertainty in the measurement |of the flow-rate
relationship$ as a function of the area ratio of the divergent sec- shall be calculated and shall be\reported {inder this name
tion. Valueg of (p,/pg)nax May be determined from figure 5. whenever a measurement is claimed to be in[ conformity with
Higher bacK-pressure ratios than those shown may be used this International Standard.
09
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Area ratio, A,/A,
NOTE — The area ratio A,/ A, is related to the Venturi nozzle dimensions by the
following formulae :

a) for toroidal throat Venturi nozzles

Ay _ | 2/tan
A d

2
+£°—(1—cos€)+1]
d

*

b

=

for cylindrical throat Venturi nozzles

2
Ay _ (21tan0 + 1)
A d

where
| is the length of the divergent;

@ is the half-angle of the divergent.

Figure 5 — Maximum permissible back-pressure ratio for critical flow Venturi nozzles
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8.1.2 The uncertainty may be expressed in absolute or relative
terms and the results of the flow measurement may then be
given in any one of the following forms:

am * elgy,)
am[1 £ Elgy)]
q,, Within E{g,,)

where the absolute uncertainty e(g,,) shall have the same dimen-
sions as g,,, and the relative uncertainty Elg,,) = elg,)/q,, is

are functions of py and Ty, and C is a function of d, ug and
qm-)

However, it is sufficient for most practical purposes to assume
that the uncertainties in the terms-on the right-hand side of the
equations are independent of each other.

8.2.2 The practical working formula for calculating the
relative uncertainty in the mass flow-rate g, is

Elg,,) = [E2(C*) + E2(C)+ E2(A,) + E2(py) +

non-dimensional.

8.1.3 The unceftainty in the flow measurement as defined in
this International [Standard (see 2.1.5) is equivalent to twice the
standard deviatign. As for the standard deviation, the uncer-
tainty is obtained by combining the partial uncertainties of the
individual quantifies which are used in the calculation of the
flow-rate, assuming them to be small, numerous and indepen-
dent of each otHer. Although for a single measuring device,
and for the coefflcients used in one test, some of these uncer-
tainties may in reality be the result of systematic errors (of
which only an estimation of their maximum absolute amount is
known), their colnbination is permitted as if they were random
errors having a distribution conforming to the Laplace-Gauss
normal law.

8.2 Practical|computation of uncertainty

8.2.1 The basic|formula for the computation of the mass rate
of flow g,, is either

R 1/2
am = A.CClpo [\ 37 Ty

qm = A, CCq (pyoo) /2

or

In fact, the variolis quantities which@ppear on the right-hand
side of these fogmulae are not indepéndent and so it is not
strictly correct td compute the Gneertainty in g, directly from
the uncertainties|in these quantities. (For example, C, and Cgr

1 1

172
+ IEZ(M) + Z‘EZ(To)j

or

Elg,) = [EZ(CR) + E2(C) + E2145) + %—EZ 00) +
1 1/2
+ ‘ZEZ(PO)]

When the inlet gas density is not directly measured |but is com-
puted from the equation given in 6.8 c), the uncertajnty relative
to o is given by

0Z Dy 2
Elog)(={ E2 1-(25) Z4) Eo
(9g) { (04) +[ (ap)d Zd:| (pg) +

[ (BZ) Pow2
+|1- 1=} = | E2(py+

_ 712
+ 1+(a—z) —< E2(Ty) +
d
L

07 To"z 12
+ 1+ {—=] =t E2ATy
(‘37")@ Zy | ol |

which often simplifies to

E(QO) = [EZ(.Qd) + Ez(pd) +E2(p0) +E2(Td) T

+ E2(Ty)]172

10
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Annex A
(normative)

Venturi nozzle discharge coefficients

Table A.1 — Toroidal throat Venturi nozzle
discharge coefficients

ISO 9300 : 1990 (E)

Reynotds-number Discharge-coefficient
Re, C
1 x 105 0,988 7
2 x 105 0,990 1
3 x 105 0,990 7
5 x 105 0,991 3
7 x 105 0,991 7
1 x 1086 0,992 0
2 x 106 0,992 4
3 x 108 0,992 6
5 x 106 0,992'8
7 x 108 0,992 9
1 x 107 0,993 0

Table A.2 — Cylindrical'throat Venturi nozzle
discharge coefficients

Reynolds number Discharge coefficient
Rey C
3,56 x 10510 2,6 x 106 0,988 7
5 x 106 0,990 1
7 x 108 0,990 7
1 x 107 0,991 4
2 x 107 0,992 5

1"
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Tables of values of the critical flow function C, for various gases

Annex B
(normative)

Table B.1 — Values of C, for nitrogen

Stagnation C, for the following values of stagnation pressure (MPa)
temperature
°C 0 0,5 1 2 3 4 5 6 7 8 9 10
- 50 06848 | 06878 | 0,6908 | 0,6970 | 0,7035 | 0,7102 | 0,7171 | 0,7243 | 0,7315 | 0,7389 {0,746 | 0,753 6
-25 06848 | 06869 | 06891 | 06934 | 06978 | 0,7023 | 0,7069 | 0,7115 | 0,716 1 | 0,7208 [~\0,7254 | 0,729 9
0 0,6848 | 0,6863 | 06879 | 06910 | 0,6941 | 06972 | 0,7004 | 0,7035 | 0,706 7 | 0,7097 | 0,7128 | 0,7158
25 0,6848 | 0689 | 0,6870 | 06893 | 0,6915 | 06938 | 06960 | 06982 | 0,7004 |~0,7025 | 0,7046 | 0,706 6
50 0,6847 | 0,6855 | 0,6864 | 0,6880 | 0,6896 | 06913 | 0,6928 | 0,6944 | 0,6959 0,6974 | 0,6989% | 0,700 3
75 0,6846 | 0683 | 0,6859 | 06871 | 0,6882 | 06894 | 06905 | 0,6916 | 0,692)7 | 06938 | 0,6948 | 0,6958
100 0,6845 | 0,6850 | 0,6854 | 06863 | 0,6871 | 0,6880 | 0,6888 | 0,6895 |°0,6903 | 0,6910 | 0,691y | 0,6924
Table B.2 — Values of C, for oxygen
Stagnation C, for the following values of ‘stagnation pressure (MPa)
temperature
°C 0 0,5 1 2 3 4 5 6 7 8 9 10
— 50 0,6846 | 0,6886 | 0,6927 | 0,7013 | 0,7104 |.0,7201 | 0,7304 | 0,7413 | 0,7528 | 0,7650 | 0,777 9 | 0,7914
-25 0,6845 | 0,6875 | 06905 | 0,6966 | 0,7030 (~0,7096 | 0,7164 | 0,7234 | 0,7307 | 0,7381 | 0,745} | 0,753 5
0 0,6844 | 06866 | 0,6889 | 0,6934 | 0,698/ | 0,7028 | 0,7076 | 0,7125 | 0,7175 | 0,7225 | 0,727¢ | 0,732 6
25 06842 | 06859 | 06876 | 06911 {06946 | 06981 | 0,7016 | 0,7052 | 0,7087 | 0,7123 | 0,7159 | 0,7194
50 06839 | 06852 | 06865 | 0,6892 |-0,6919 | 0,6945 | 0,6972 | 0,6999 | 0,7025 | 0,7051 | 0,707 8 | 6, 7103
75 0,6835 | 06845 | 0,6855 | 0,687.6 | 06897 | 06917 | 06938 | 06958 | 0,6978 | 0.6928 | 0,701} 0,7037
100 0,6829 | 0,6837 | 0,6845 { 0,686 1 | 0,6877 | 0,6893 | 0,6909 | 0,6925 | 0,6940 | 0,6955 | 0,6970 | 0,698 4 V
Table B.3 — Values of C, for argon
Stagnation C, for the following values of stagnation pressure (MPa)
temperature
°C 0 0,5 1 2 3 4 5 6 7 8 9 10
_50 07262 | 07310 | 07358 | 07460 | 07567 | 07679 | 07797 | 07922 | 08053 | 08191 | 08336 | 0,848 4
-25 0,726 2 | 0,7297 | 0,7333 | 0,7407 | 0,7482 | 0,756 0 | 0,7639 | 0,7720 | 0,7803 | 0,7888 | 0,797 5 | 0,806 2
0 0,7262 | 0,7289 | 0,7316 | 0,7372 | 0,7427 | 0,7484 | 0,7540 | 0,7598 | 0,7655 | 0,7713 | 0,7772 | 0,783 0
25 0,7262 | 0,7283 | 0,7304 | 0,7347 | 0,7389 | 0,7432 | 0,7474 | 0,7517 | 0,7559 | 0,760 1 | 0,7643 | 0,7684
50 0,7262 | 0,7279 | 0,7295 | 0,7329 | 0,7362 | 0,7395 | 0,7427 | 0,7460 | 0,7492 | 0,7523 | 0,7555 | 0,758 5
75 0,726 2 | 0,7275 | 0,7289 | 0,7315 | 0,7342 | 0,7367 | 0,7393 | 0,7418 | 0,7443 | 0,7467 | 0,7491 | 0,7515
100 0,726 2 | 0,7273 | 0,7284 | 0,7035 | 0,7326 | 0,7347 | 0,736 7 | 0,7387 | 0,7406 | 0,7426 | 0,7444 | 0,746 3
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