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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International $tandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main tagk of technical committees is to prepare International Standards. Draft International Starjdards
adopted by the technical committees are circulated to the member bodies for voting)yPublication gs an
International $tandard requires approval by at least 75 % of the member bodies casting a vote.

Attention is dfawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shill not be held responsible for identifying any or all such patent rights.

ISO 9300 wag prepared by Technical Committee ISO/TC 30, Measurement of fluid flow in closed comduits,
Subcommitte¢ SC 2, Pressure differential devices.

This second gdition cancels and replaces the first edition (ISO 9300:1990), which has been technically re¢vised.
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INTERNATIONAL STANDARD

I1ISO 9300:2005(E)

Measurement of gas flow by means of critical flow Venturi
nozzles

1

Scope

This |

nternational Standard specifies the geometry and method of use (installation in a system

conditions) of critical flow Venturi nozzles (CFVN) used to determine the mass flow-rate) of

throug
uncer

Itis a
being
critica
the ex
throat
which
to be

Inform
be as
cluste

h a system. It also gives the information necessary for calculating the flow-rate“and
ainty.

and operating
A gas flowing
ts associated

bplicable to Venturi nozzles in which the gas flow accelerates to the critical’velocity at the throat (this

equal to the local sonic velocity), and only where there is steady flaw,of single-phase

gases. At the

velocity, the mass flow-rate of the gas flowing through the Venturinozzle is the maximufn possible for

isting upstream conditions while CFVN can only be used within spécified limits, e.g. limits
to inlet diameter ratio and throat Reynolds number. This Interrational Standard deals V
direct calibration experiments have been made in sufficientnumber to enable the resultin
ised with certain predictable limits of uncertainty.

ation is given for cases where the pipeline upstreamcef the CFVN is of circular cross-seq
sumed that there is a large space upstream of the CFVN or upstream of a set of CFVN
r. The cluster configuration offers the possibility«of installing CFVN in parallel, thereby 3

flow-rates.

For h
numb

2 T

For th

21

211

wall p
hole ¢
the cg

gh-accuracy measurement, accurately “machined Venturi nozzles are described for
br applications.

erms and definitions

e purposes of this document, the following terms and definitions apply.

Pressure measurement

ressure tapping
rilled in-the wall of a conduit in such a way that the edge of the hole is flush with the inter
nduit

for the nozzle
vith CFVN for
g coefficients

tion, or it can
mounted in a
chieving high

ow Reynolds

nal surface of

[ in the conduit.

NOTE

The tapping is achieved such that the pressure within the hole is the static pressure at that poin

21.2
static

pressure of a gas

actual pressure of the flowing gas which can be measured by connecting a pressure gauge to a wall pressure

tapping

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

21.3

stagnation pressure

pressure which would exist in a 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.
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2.2 Temperature measurement

2.21

static temperature
actual temperature of a flowing gas

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

2.2.2

stagnation temperature
temperature which would exist in a gas in a flowing gas stream if the stream were brought to rest by an
isentropic process

NOTE On

2.3 Ventur

2.31
Venturi nozz
convergent/di

2.3.2
normally ma

y the value of the absolute stagnation temperature is used in this International Standard.

i nozzles

e
vergent restriction inserted in a system intended for the measurement-of flow-rate

chined Venturi nozzle

Venturi nozzl¢ machined by a lathe and surface polished to achieve the desired smoothness

233
accurately
Venturi nozzl

2.3.4
throat
section of mir

2.3.5
critical flow \
CFVN

Venturi nozzlg for which the nozzle gegmetrical configuration and conditions of use are such that the flo

is critical at th

2.4 Flow

2.41

chined Venturi nozzle
machined by a super-accurate lathe to achieve a mirror finish without polishing

imum diameter of a Venturi nozzle

/enturi nozzle

e nozzle throat

mass flow-rate

9m
mass of gas [

er-Unit time passing through the CFVN

w-rate

NOTE In t

2.4.2

is International Standard, the term flow-rate always refers to mass flow-rate.

throat Reynolds number

Rent

dimensionless parameter calculated from the gas flow-rate and the gas dynamic viscosity at nozzle inlet
stagnation conditions

NOTE The characteristic dimension is taken as the throat diameter at stagnation conditions. The throat Reynolds
number is given by the formula:
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243

isentropic exponent

K

ratio of the relative variation in pressure to the corresponding relative variation in density under elementary
reversible adiabatic (isentropic) transformation conditions

NOTE 1 The isentropic exponent is given by the formula:

2

P (dp] _pe
K = — —_— =

p \dp /g 2

where

p| s the absolute static pressure of the gas;
p| is the density of the gas;

c¢| isthe local speed of sound;

s| signifies “at constant entropy”.

NOTE|2 For an ideal gas, «is equal to the ratio of specific heat capacities y and is equal to 5/3 for monatomic gases,
7/5 for|diatomic gases, 9/7 for triatomic gases, etc.

NOTE|3 In real gases, the forces exerted between molecules as well @s the volume occupied by the molecules have a
signifigant effect on the gas behaviour. In an ideal gas, intermolecular\ferces and the volume occupied by the molecules
can b neglected.

244
dischprge coefficient
Cy
dimensionless ratio of the actual flow-rate to the jdeal flow-rate of non-viscous gas that would be|obtained with
one-d|mensional isentropic flow for the same.upstream stagnation conditions

NOTE This coefficient corrects for viscous and flow field curvature effects. For each type of nozgle design and
installgtion conditions specified in this International Standard, it is only a function of the throat Reynolds number.

245
criticrII flow
maxinpum flow-rate for a particular Venturi nozzle, which can exist for the given upstream conditipns

NOTE When critical flow ‘exists, the throat velocity is equal to the local value of the speed of sound (acpustic velocity),
the velocity at which small) pressure disturbances propagate.

24.6
critical flowfunction
C.
dimensionless function which characterises the thermodynamic flow properties of an isentrgpic and one-
dimensional flow between the inlet and the throat of a Venturi nozzle

NOTE It is a function of the nature of the gas and of stagnation conditions (see 4.2).

2.4.7

real gas critical flow coefficient

Cr

alternative form of the critical flow function, more convenient for gas mixtures

NOTE It is related to the critical flow function as follows:

Cr=CiZ

© 1SO 2005 - All rights reserved 3
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2438
critical pressure ratio
r*

ratio of the static pressure at the nozzle throat to the stagnation pressure for which the gas mass flow-rate

through the nozzle is a maximum
NOTE This ratio is calculated in accordance with the equation given in 8.5.

249
back-pressure ratio
ratio of the nozzle exit static pressure to the nozzle upstream stagnation pressure

2.4.10
Mach numbé¢r
Ma

(at nozzle upstream static conditions) ratio of the mean axial fluid velocity to the velocity~ef) sound
location of thg upstream pressure tapping

2411
compressibility factor
VA
correction fagtor expressing numerically the deviation from the ideal gas law ©f the behaviour of a real
given pressure and temperature conditions

NOTE It ig defined by the formula:

_mM
PRT

where R, the unjiversal gas constant, equals 8,314 51 J/(mol-K).

25
uncertainty

at the

gas at

parameter, agsociated with the results of a measurement, that characterizes the dispersion of the valugs that

could reasongbly be attributed to the measurand

4 © I1SO 2005 — All rights reserved


https://standardsiso.com/api/?name=0a0f67ec3d5e029811c15f3aedeab2b6

ISO 9300:2005(E)

3 Symbols
Symbol Description Dimension Sl unit
Ao Cross-sectional area of Venturi nozzle exit L2 m2
Ant Cross-sectional area of Venturi nozzle throat L2 m2
Cy Coefficient of discharge Dimensionless
Cr Critical flow coefficient for one-dimensional flow of a real gas Dimensionless
C, Critical flow function for one-dimensional flow of a real gas Dimensionless
Cyi Critical flow function for one-dimensional isentropic flow of a perfect gas Dimensionless
D Dfameterof the upstream conduit C m
Diameter of Venturi nozzle throat L m
M Molar mass M kg mol-"
May Mach number at the location of the upstream pressure tapping Dingensionless
b Absolute static pressure of the gas at nozzle inlet ML-1T-2 Pa
b2 Absolute static pressure of the gas at nozzle exit ML-1T-2 Pa
»o Absolute stagnation pressure of the gas at nozzle inlet ML-1T-2 Pa
Hnt Absolute static pressure of the gas at nozzle throat ML-1T-2 Pa
A Absolute_z static pressure of the gas at nozzle throat for one-dimensional ML-1T-2 Pa
isentropic flow of a perfect gas
adpo); gatio of noz;le exit s.tatic pressure to inlet stagnation pressure for one- Dimensionless
imensional isentropic flow of a perfect gas
dm Mass flow-rate MT- kg-s™
i Mass flow-rate for one-dimensional isentropic-flow of an inviscid gas MT-" kg-s™
R Universal gas constant M L2720 J:-mol~ K1
Rent Nozzle throat Reynolds number Dimensionless
. Radius of curvature of nozzle inlet L m
. Critical pressure ratio pn/pg Dimensionless
/’ Relative uncertainty Dimensionless
£ Absolute temperature(ofjthe gas at nozzle inlet 0 K
To Absolute stagnation‘temperature of the gas at nozzle inlet ® K
y- Absolute statictemperature at nozzle throat () K
nt Throat sonicflow velocity; critical flow velocity at nozzle throat LT m-s~"
/ Compressibility factor Dimensionless
5 Djameter ratio d/D Dimensionless
y Ratio of specific heat capacities Dimensionless
9 Absolute uncertainty a a
Isentropic exponent Dimensionless
Ho Dynamic viscosity of the gas at stagnation conditions ML-1T-1 Pa-s
Lt Dynamic viscosity of the gas at nozzle throat ML-1T-1 Pa's
£o Gas density at stagnation conditions at nozzle inlet ML-3 kg-m3
Dt Gas density at nozzle throat ML-3 kg-m-3
M = mass
L =length
T=time

® = temperature

@  Same as the corresponding quantity.
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4 Basic equations

4.1 State equation

The behaviou

r of a real gas can be described by the formula:

L _ (ijTZ
Yol M

4.2 Flow-rate under ideal conditions

For ideal critig
a) theflowr

b) the flow

al flow to exist, three main conditions are necessary:
nust be one-dimensional;

nust be isentropic;

c) the gas must be perfect (i.e. Z=1 and x= ).

Under these ¢

onditions, the critical flow-rate is given by:

(1)

= L0 @)
(i)

or

dmi = AgCsi\[PoP0 (3)
where

Yadl

C., - 7[%] - 4)

4.3 Flow-rpte under real conditions

For flow-rates

Ant

dm
e

CaCspo

RJ I

under real conditions, the formula for critical flow-rate becomes:

or
9m = Ant

since

CqCr/PoPO

©®)

(6)

Cr=Ci\Zo (7)

where Z; is the value of the compressibility factor at upstream stagnation conditions:
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M
z, =20 (8)
PoRTy

It should be noted that C, and Cg are not equal to C,; because the gas is not perfect. Cy is less than unity
since the flow is not one-dimensional and a boundary layer exists owing to viscous effects.

4.4 Critical mass flux

For the flow-rate under ideal conditions, critical mass flux = Imi

nt

For the flow-rate under real conditions, critical mass flux = Aq”é
nt“d

5 Applications for which the method is suitable

Each ppplication should be evaluated to determine whether a CFVN or some other device is the|most suitable.
An important consideration is that the flow through the Venturi nozzle ds“independent of thg downstream
pressiire (see 9.5) within the pressure range for which the Venturi nozzle can be used fgr critical flow
measjyirement.

Some|other considerations are as follows.
For JFVN the only measurements required are the gas’jpressure and the gas temperature or density
upstrgam of the critical Venturi nozzle, since the throat. conditions can be calculated from tHermodynamic
considerations.
The vglocity in the CFVN throat is the maximum, possible for the given upstream stagnation conditions, and
therefpre the sensitivity to installation effects_is minimized, except for those of swirl which shall ot exist in the
inlet part of the CFVN.
When| comparing CFVN with subsonic, pressure-difference meters, it can be noted that in the case of the
CFVN, the flow is directly proportional to the nozzle upstream stagnation pressure and not, as |jn the case of
the subsonic meter, to the square.root of a measured differential pressure.

The mpaximum flow range which can be obtained for a given CFVN is generally limited to the range of inlet
presslires which are available above the inlet pressure at which the flow becomes critical.

The most common<applications to date for CFVN have been for tests, calibration and flow contro|.

6 Standard critical flow Venturi nozzles (CFVN)

6.1 General requirements

6.1.1 Materials

The CFVN shall be manufactured from material suitable for the intended application. Some considerations are
that

a) it should be possible to finish the material to the required condition (as given in 6.1.2 and 6.1.3), taking
into account that some materials are unsuitable owing to the inclusion of pits, voids and other
inhomogeneities,

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

© 1SO 2005 - All rights reserved 7
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c)

the material should be dimensionally stable and should have known and repeatable thermal expansion

characteristics (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.

6.1.2 Surface finish of the throat and the inlet

The throat and toroidal inlet up to the conical divergent section of the CFVN shall be smoothly finished so that
the arithmetic average roughness Ra does not exceed 15 x 1064 and 0,04 um for normally and accurately
machined Venturi nozzles, respectively.

The throat and toroidal inlet up the conical divergent section shall be free from dirt or any other contaminants.

For a normall
not larger tha

6.1.3 Conid

The form of
discontinuitieg
average roug

6.2 Design

6.2.1 Gener

There are twq
nozzle. Accur|

machined CFVN, it is allowable to use a toroidal throat CFVN with a diameter step at-the
N 10 % of the throat diameter.

al divergent
the conical divergent section of the CFVN shall be checked to ensure that any

ness Ra of the conical divergent section shall not exceed 10~44.

al

designs of standard CFVN: the toroidal-throat Venturi nozzle and the cylindrical throat
ately machined Venturi nozzles shall be built accerding to the toroidal design.

6.2.2 Toroidal-throat Venturi nozzle

6.2.2.1 T
6.2.2.2 H
CFVN is defin
equal to 2,54

6.2.2.3 Tl
from the inlet
contour of the
axial location

6.2.2.4 Tl
Figure 1) sha
toroidal surfaq

he CFVN shall conform with the specifications shown in Figure 1.

or purposes of locating other.elements of the CFVN metering system, the inlet plane
ed as that plane perpendicular to the axis of symmetry which intersects the inlet at a dig
- 0,1d.

he convergent section oef the CFVN nozzle (inlet) shall be a portion of a torus which shall ¢
plane through the-minimum area section (throat) and be tangential to the divergent sectio

inlet upstream™of-the inlet plane (see 6.2.2.2) is not specified, except that the surface a
shall have a diameter greater than or equal to the extension of the toroidal contour.

he toroidal’surface of the CFVN located between the inlet plane and the divergent sectio
| not deviate from the shape of a torus by more than + 0,0014. The radius of curvature r,
e-in‘a plane in which the axis of symmetry lies shall be 1,84 to 2,24.

throat

steps,

, irregularities and lack of concentricity do not exceed 1 % of the local-diameter. The arithmetic

enturi

of the
meter

bxtend
. The
each

N (see
of this

6.2.2.5

The divergent section of the CFVN downstream of the point of tangency with the torus shall form

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.

6.2.2.6

The uncertainty in the measurement of flow-rate using CFVN built in accordance with this

International Standard depends in particular on the uncertainly in the throat cross-sectional area. It is difficult
to measure precisely the throat diameter of a toroidal throat CFVN, particularly in the case of small nozzles,
and great care should be taken.

© I1SO 2005 — All rights reserved
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2,5d +0,1d
b d

<
-

/\_/"\/
N

Key
1 inlet plane

2 infersection of toroidal surface and divergent section
3 logation of pressure indicating device

@ In|this region the arithmetic average roughness Ra shall‘riot exceed 15 x 1078 ¢ and 0,04 pm fof normally and
accurgtely machined Venturi nozzles, respectively, and the contour shall not deviate from toroidal |form by more
than £(0,001d.

b Inlthis region the arithmetic roughness value shall not'exceed 10~44.
€ Inlet surface shall lie outside this contour.

5

Figure(1 = Toroidal-throat Venturi nozzle

6.2.3 | Cylindrical-throat Venturi nozzles
6.2.3.1 The CFVN@Ghall conform with the specifications shown in Figure 2.

6.2.3.2 The inlef plane is defined as that plane which is tangential to the inlet contour of the CFVN and
perpepdicular to the nozzle centre-line.

6.2.3.3 The convergent section of the CFVN (inlet) shall be a quarter of a torus tangential oh one hand to
the inlet’plane (see 6.2.3.2) and on the other hand to the cylindrical throat. The length of the cylindrical throat

and theTadius of curvature 7 of thequarter of torus statt e equattothethroat diameter:

6.2.3.4 The inlet toroidal surface of the CFVN shall not deviate from the shape of a torus by more than
+ 0,0014.
6.2.3.5 The flow-rate shall be calculated from the mean diameter at the cylindrical throat outlet section.

The mean diameter shall be determined by measuring at least four angularly equally distributed diameters on
the cylindrical throat outlet. No diameter along the throat length shall deviate by more than £+ 0,0014 from the
mean diameter.

The length of the throat shall not deviate from the throat diameter by more than 0,054. The connection

between the quarter of torus and the cylindrical throat shall be inspected visually and no defect should be
observed. When a defect of connection is observed, it shall be checked that the local radius of curvature in a

© 1SO 2005 - All rights reserved 9
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plane in which the axis of symmetry lies is never less than 0,54 throughout the inlet surface (quarter of torus
and cylindrical throat). Figure 3 illustrates this requirement.

The total area of the inlet and throat surfaces shall be properly polished so that the arithmetic average
roughness Ra does not exceed 15 x 1076 4.

The connection between the cylindrical throat and the divergent section shall also be visually inspected and
no defect shall be observed.

6.2.3.6 The divergent section of the CFVN 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.

A
A J
I

A >\ ]
) /

; a 1 N
% \
| < \\0’ 3
Key

1 inlet plane

®0 = Ld
od

2 conical divergent section with an arithmetic average telative roughness not exceeding 1044
3 transition region

a |n this regipn the arithmetic average roughniess Ra shall not exceed 15 x 1078 4 and the contour shall not deviafe from
toroidal and cyljndrical forms by more than % 0,0014.

Figore 2 — Cylindrical-throat Venturi nozzle

Rb

05

Figure 3 — Detail of connection between quarter of torus and cylindrical throat (transition region)
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7 Installation requirements

7.1 General
This International Standard applies to the installation of CFVN when either
a) the pipeline upstream of the CFVN is of circular cross-section, or

b) it can be assumed that there is a large space upstream of the CFVN or a set of CFVN mounted in a
cluster.

In the[case of a), the CFVN shall be installed in a sysiem meeting the requirements of 7.2.
In the|case of b), the CFVN shall be installed in a system meeting the requirements of 7.3.

In either case, swirl shall not exist upstream of the CFVN. Where a pipeline exists-upstream pf the nozzle,
swirl-free conditions can be ensured by installing a flow straightener of the desigh-shown in [Figure 4 at a
distance /, > 5D upstream of the nozzle inlet plane or any type of other flow conditioners of regognised type
having equivalent or better performance — see [1] and [2] in the Bibliographyx

220
1,80
1,10
L=zD 3 0,90
<t B — ¢ -
—
A a H
Q
: 8| I S
 J
l4=50
2
Key
1 inlet plane
2 etoile straightener with vane thickness adequate to prevent buckling
3 logation of temperature_sensor
4 logation of pressdre-tapping

]

In[this regiofhthe surface roughness shall not exceed 1074D.

Figure 4 — Installation requirements for upstream pipework configuration

7.2 Upstream pipeline

The primary device may be installed in a straight circular conduit which shall be concentric within + 0,02D with
the centre line of the CFVN. The inlet conduit up to 3D upstream of the CFVN shall not deviate from circularity
by more than 0,01D and shall have an arithmetic average roughness Ra which shall not exceed 10-4D. The
diameter of the inlet conduit shall be a minimum of 4d (5 < 0,25).

In cases where upstream installation constraints are such that the above requirement cannot be met, specific
tests are recommended to investigate the influence of the installation conditions on the uncertainty of the flow-
rate measurement and/or the determination of Cy, when running a primary calibration. A correction method is
given in this International Standard for the calculation of the mass flow-rate when g > 0,25.

© IS0 2005 - All rights reserved 1
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7.3 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 the primary device or to the inlet plane of the primary device, as defined in 6.2.2.2 or 6.2.3.2.

In cases of a

arge upstream space, or for high flow-rates, multiple CFVNs may be used.

7.4 Downstream requirements

No requirements are imposed on the outlet conduit except that it shall not restrict the flow in a manner such as

to prevent crit

ical flow in the CFVN.

7.5 PreSS|||re measurement

7.5.1 Wher
preferably be
Venturi nozzl
this position,

the nozzle inl¢

7.5.2 Wher
wall pressure
and within a
downstream (

measured at a wall pressure tapping at a distance 0,9D to 1,1D from theyinlet plane
b (see Figures 1 and 4). The wall pressure tapping may be located upstream or downstre
provided that it has been demonstrated that the measured pressure can(be used reliably t
bt stagnation pressure.

it can be assumed that there is a large space upstream of thé primary device, the ups
tapping shall preferably be located in a wall perpendicular to_the inlet face of the primary
distance of 104 + 14 from that plane. The wall pressure .tapping may be located upstre

7.5.3 For
of the wall pr

point of the breakthrough, the hole shall be circular. The edges shall be free from burrs, and shall be squ

lightly rounde
confirmed by
upstream pip
12 mm. The
tapping (see |

reliably to givr
h

f this position, provided that it has been demonstrated that'the measured pressure can bg
the nozzle inlet stagnation pressure.

e wall pressure tapping referred to in 7.5.1, and\preferably also for that in 7.5.2, the cen
pssure tapping shall meet the centreline of thegprimary device and be at right angle to it.

d to a radius not exceeding 0,1 times the diameter of the wall pressure tapping. It sh
visual inspection that the wall pressure tappings comply with these requirements. Wh
pline is used, the diameter of the wall-pressure tapping shall be less than 0,08D and les
vall pressure tapping shall be cylindrical for a minimum length of 2,5 times the diameter
Figure 5).

Dimensions in milli

¢d; < 0,080 < 12

 J

<
-

\

7

a circular conduit is used upstream of the primary device, the upstream stati¢ pressurg shall

of the
am of
0 give

tream
evice
am or
used

treline
At the
are or
all be
en an
5 than
of the

Mmetres

@  Edge of ho

754

&

—

©
[¥a)
o~

a

Al

le flush with internal surface of conduit, burr-free and square to a radius not exceeding 0,1dj.

Figure 5 — Detail of wall pressure tapping when upstream pipeline is used

The downstream pressure shall be measured to ensure that critical flow is maintained. This pressure

shall be measured by using a conduit wall pressure tapping located within 0,5 times the conduit diameter of

the exit plane

12

of the divergent section.
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The critical flow may also be checked by measuring the wall pressure at the step located immediately
downstream of the nozzle throat. That method requires special machining of the CFVN (see 6.1.3).

7.5.5

In some applications, the outlet pressure can be determined without the use of a

wall pressure

tapping. For example, the CFVN may discharge directly into the atmosphere or other region of known
pressure. In these applications the outlet pressure need not be measured.

7.6

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 through these drain holes while the

flow

upstrg
distan
the hd

During
surfad
meas

7.7

The in
upstrg
plane
not bg
of dia
not af
been

tempg

Partic

- : LE_ol + ol + <l 4lo laall lo 1 PP | 4
1ICAOSUITITICTIU 1o 111 pIUHICOO. murant TiVICo drc 1Ccyuircu, Lllcy <>hai Vo 1iuldalcu upotutTdirl

am wall pressure tapping. The diameter of the drain holes should be smaller than-0;0
le shall be located in an axial plane different from that of the wall pressure tapping:
measurement, flow must be single-phase upstream and in the throat with_no conden

irement shall not be claimed to conform to this International Standard.

Temperature measurement

let temperature shall be measured using one or more sensors located upstream of the CH
am pipeline is used, the recommended location of these.sensors is 1,8D to 2,2D upstres
of the CFVN. The diameter of the sensing element shallkbe not larger than 0,04D and the
aligned with a wall pressure tapping in the flow direetion. If it is impracticable to use a se
meter less than 0,04D, the sensing element shall be-'so located that it can be demonstrate
fect the pressure measurement. The sensor may be located further still upstream, provid
demonstrated that the measured temperature can be used reliably to give the nozzle in
rature.

the st
than

Llar care has to be exercised in the $eléction of the temperature sensor and the insulation
gnation temperature of the flowing_gas differs from that of the medium surrounding the pip
K. In such cases, the sensorselected shall be insensitive to radiation error and the pipe

well lagged to minimize heat transfer between the flowing gas and the surrounding m
tempgratures of the flowing gas-and the pipe wall differ significantly, it is extremely difficult to me
tempgrature accurately.

7.8 |Density measurement

For spme applications, it may be desirable to measure directly the gas density at the nozz
instance whenthe'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
tempgrature tappings. To achieve correct measurement of the inlet gas density, particular atte

of the nozzle
bD. The axial

ce from the drain hole to the plane of the upstream wall pressure tapping shall be @reatér than D and

sation and all

es must retain their cleanliness and hence surface finish. If this—~cannot be guaranteed, the

VN. When an
m of the inlet
element shall
nsing element
d that it does
ed that it has
let stagnation

of pipework if
eline by more
work shall be
dium. If the
asure the gas

le inlet — for

pressure and
ntion shall be

given 0 the Tollowing points.

that the gas in the device is the same as the gas flowing in the main conduit.

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

When the densitometer is located outside the main upstream pipe, checks shall be carried out to ensure

The pressure and temperature conditions at the densitometer should be as close as possible to the

nozzle inlet conditions in order to avoid corrections. If necessary, the inlet density shall be computed from
the measured density using the equation of state:

P0TdenZ den

P00 = Pden
PdenToZo

© 1SO 2005 - All rights reserved

9)

13


https://standardsiso.com/api/?name=0a0f67ec3d5e029811c15f3aedeab2b6

ISO 9300:2005(E)

where

den
Tden

Pden

as a subscript signifies “relative to the densitometer”;

is the temperature that should be measured;

is the pressure that should be determined by measurement of the difference from py;

ZgenlZy is calculated using the specifications of 7.9.

7.9 Calcul

Instead of th

determined b

ated density

a)
-

measurement of the density, a calculation may be performed using the gas comp

ISO 6976:1995 [3] in particular. The uncertainty of the method is as good as the uncertainty-obtained
densitometer,
8 Calculation methods

8.1

Mass flow-rate

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

A

or

Qm:An

where A4 is G

CyqCypo
R

T
Mjo

CqCRr4/P0PO

alculated from the value of &-

8.2 Discharge coefficient, Cy

8.21 The ¢

8.22 Thed

Cd/ =d

ischarge coefficient for the CFVN may be obtained from the following equation:

LR, 1

y gas chromatography, combined with a recognised equation such as the one' propos

Dsition
ed by
with a

ischarge coefficient depends largely on the shape of the CFVN and it shall be noted t{hat at
small values ¢f the throat\diameter the nozzle geometry is very difficult to control and measure (see 6.2.2

.6).

DIYERT

(10)

The coefficients ¢, b and n are given in Table 1 for each type of CFVN for the range of throat Reynolds
number over which they may be used.

14
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8.2.3

confidence level, for the toroidal-throat and cylindrical-throat Venturi nozzles. For the accurat

nozzl

Values of the discharge coefficient are given in AnnexA.

8.3

The

demonstrable accuracy.

Valueg of C, for various gases(are given in Annex B. The relative uncertainty in C, obtained frg
0,1 %|at the 95 % confidencelevel.

An applicable method_te-calculate C, and thus Cg for natural gases uses AGA Report No. 8 (1

state

Alternptively, anyoether state equation with comparable uncertainty can be used.

A me
mass

8.4

ISO 9300:2005(E)

Table 1 — Coefficients ¢, » and »

Toroidal-throat
Venturi nozzle

a=0,9959
2,1 x 10* < Re < 3,2 x 107 b=2,720

n=+0,5

Accurately machined toroidal-throat
Venturi nozzle

2,1x10% < Reyy < 1,4 x 10° b=3,412
n=+0,5

Cylindrical-throat
Venturi nozzle

a=0,9976
3,6 x 10% < Reyy < 1,1 x 107 b=0,13838
n=+02

The relative uncertainty in the discharge coefficients obtained from Equation (10) is 0,3 9

@, this relative uncertainty in the discharge coefficients is 0,2 % at the 95 % confidence leve

Critical flow function, C,, and real‘gas critical flow coefficient, Cg

alue of C, used to calculate .the gas mass flow-rate may be computed using an

equation. This\approach ensures a relative uncertainty on C, of 0,05 % at 95 % con

ux< The relative uncertainty in ¢, /(4,,Cy) obtained from Annex C is 0,1 % at the 95 % con

o, atthe 95 %
ely machined
l.

y method of

m Annex B is

D02) [4] as the
fidence level.

of the critical
fidence level.

fFod of €eomputation of C, for natural gas mixtures is given in Annex C from the calculation
I

Conversion of measured pressure and temperature to stagnation conditions

The inlet stagnation pressure, p,, may be determined from the relationship:

2o :[1+%(K—1)Ma12}%1(_1)

P

The inlet stagnation temperature, T, may be determined from the formula:

T—°:1+1(,<—1)Ma12

©I1SO
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The error in assuming the measurement temperature equals the stagnation temperature is negligible as long
as the ratio d/D is < 0,25 (see 7.2).

8.5 Maximum permissible downstream pressure

For CFVN operating at throat Reynolds numbers greater than 2 x 10° and having exit cones longer than d, the
maximum permissible downstream pressure is determined from the relationship:

[P_z] :0,8[[&j —r*]+r* (13)
P0 ) max PoJ;

where

A

PR (14)

where x should be determined from an appropriate equation of state.
The value of {p,/pg); is determined from the isentropic ideal gas relationships as a function of the area ratio of
the divergent section. Values of (p,/pg)max May be determined from Figure 67 hligher back-pressure ratios than
those shown may be used provided that it can be verified that the flow is eritical. The pressure ratio (po/pg)max
is not significantly affected by extending the cone length such that the exit area is greater than four timgs the
throat area, i.¢. diffuser length beyond seven diameters for a cone half-angle of 4°.

Pressure ratigs of 0,95 are obtained with a very carefully machined throat and divergent section.

For CFVN operating at throat Reynolds numbers lower thaih*2 x 105, it is recommended that users mairtain a
back-pressur¢ ratio of 0,25 or perform a simple unchoking test on their CFVNs [5].

Figure 6 is applicable to Reynolds numbers greater.than 2 x 109,

The area ratiq 4,/4,,; is related to the Venturi\nozzle dimensions by the following formulae:

— For toroidal-throat Venturi nozzles:

2
Az = [2“8”6 +2$(1—cosﬁ)+1}
Ay d d

— For ¢ylindricalthroat Venturi nozzles:

szzltaneJrﬂ2
Apt \ d )/

where
/ is the length of the divergent section;

6 is the half-angle of the divergent section.

16 © ISO 2005 — All rights reserved
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YA
0,95 -

06 -

0,5 | | |

N
w
N
o b
>V

Key
X diyergent cone area ratio, Ao/An;
Y maximum permissible back-pressuréatio (po/pg)max

Figure 6 -—Maximum permissible back-pressure ratio for CFVN

9 Uncertaintiés-in the measurement of flow-rate

9.1 |General

9.1.1 | (Yseful general information on this subject is given in [6].

9.1.2 The uncertainty in the measurement of the flow-rate shall be calculated and shall be reported as such
whenever a measurement is claimed to be in conformity with this International Standard.

9.1.3 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:

— rate of flow = ¢,, £ &y,
— rate of flow = g,,[1 £ U’(g,,)]
— rate of flow = ¢,, within [100U"(¢,,,)] %

where the absolute uncertainty o7, shall have the same dimensions as ¢,, and the relative uncertainty
U"(g,,)1 = 84,,/q,, is non-dimensional.

© 1SO 2005 - All rights reserved 17
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9.1.4 The uncertainty in the flow measurement is equivalent to twice the standard deviation. As for the
standard deviation, the uncertainty is obtained by combining the partial uncertainties of the individual
quantities used in the calculation of the flow-rate — assuming them to be small, numerous and independent of
one another. Although for a single measuring device, and for the coefficients used in one test, some of these
uncertainties may in reality be systematic errors (of which only an estimation of their maximum absolute
amount is known), their combination is permitted as if they were random uncertainties.

9.2 Practical computation of uncertainty

9.21 The basic formula for the computation of the mass rate of flow ¢,, is either
_ An{CTTPo
A
— T
or
qm = AnfCaCr~ P0PO

In fact, the vd
so it is not st
(For example

However, it i
right-hand sid

rious quantities which appear on the right-hand side of these formulae are not independe
ictly correct to compute the uncertainty in g,, directly from the-uqcertainties in these qua
C, and Cg are functions of py and T, and Cy is a function of 14 and ¢,,.)

e of the equations are independent of one another.

Nt and
ntities.

5 sufficient for most practical purposes to assume that.ihe uncertainties in the terms ¢n the

9.2.2 The gractical working formula for calculating the relative:uncertainty in the mass flow-rate ¢, is
! ! ! ! ! 1 ’ 1 !

U(qm>=\/U A(Ca)+ U (C)+U () + U (o) U2 (M) + 5 U (To) (15)

or
! ! ! !’ 1 ! 1 ’

U(qm>=\/U “(Ca)+ U (CR)+ U Adn) + ;U (p0) + ;U (po) (16)
When the inlgt gas density is not directly measured but is computed from Equation (9), the uncertainty r¢lative
to py is given py:

oz ? %
U2 (pgp)+ 1—[—] [ﬂ] U (pnt)
p nt Znt
) ez o2,
+H1-1=] | =|| U
| LapJOLZoJ (po)
U'lpo)=9 - o (17)
+ 1{@_2) [T—OJ U'2(Ty)
L W7o\ Zo )]
CANE A
+ 1+[—) [—”t U'%(Tp)
L T )i\ Znt
This often simplifies to:
U'(p0) = U 2 (po) + U 2(pog) + U2 (p0) + U'A(Tg) + U (Tyy) (18)

18
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Annex A
(normative)

Venturi nozzle discharge coefficients

ISO 9300:2005(E)

Table A.1 gives the discharge coefficients at different Reynolds numbers at the nozzle throat for toroidal-throat

Venturi nozzles.

Table A.1 — Discharge coefficients for toroidal-throat Venturi nozzles

Reynolds number Discharge coefficient
Rent Cq
2,1 x 10% 0,977 1
3 x 104 0,980 2
5x 104 0,9837
7 x 104 0,9856
1x 10° 0,987 3
2 x10° 0,989 8
3 x 105 0,990 9
5x 10° 0,992 1
7 x 105 0,992 6
1x 108 0,993 2
3 x 106 0,994 3
7 x 108 0,994 9
1(x 107 0,995 0
3,2 x 107 0,995 4

Table|A.2 gives the discharge, coefficients at different Reynolds numbers at the nozzle throat for accurately
machined toroidal-throat Vlenturi nozzles.

Table A.2 — Discharge coefficients for accurately machined

toroidal-throat Venturi nozzles

© 1SO 2005 - All rights reserved

Reynolds number Discharge coefficient
Rent Cq
2.1 104 09750
3 x 104 0,978 8
5x 104 0,983 2
7 x 104 0,9856
1 x 10° 0,987 7
2x105 0,990 9
3x10° 0,992 3
5x 10° 0,9937
7 x10° 0,994 4
1,4 x 108 0,995 6

19
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Table A.3 gives the discharge coefficients at different Reynolds numbers at the nozzle throat for
cylindrical-throat Venturi nozzles.

Table A.3 — Discharge coefficients for cylindrical-throat Venturi nozzles

Reynolds number Discharge coefficient
Rep Co

3,5x10° 0,989 8

5x 10% 0,990 9

7 x 10° 0,992 1

<108 09926

3 x 108 0,993 2

7 x 108 0,994 3
1,1 x 107 0,995 4
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Annex B
(normative)

Tables of values for critical flow function C, — Various gases

B.1 General

This annex provides the information necessary for calculating the critical flow function for several pure gases
and dry air. Where possible, the values have been updated from the previous edition of ISO 9300 to make use
of mofe recent reference quality equations of state; where no new work has been undertakén,-the information
remaips unchanged. For some gases there are two methods for obtaining C,: a table-of vplues and an
empirfcal equation. All of the information given here is traceable through the carresponding numbered
bibliographical references.

B.2 Tables

C, values are given in Tables B.1, B.3, B.5, B.7, B.9, B.10 and B.14/for nitrogen, argon, dry| CO,-free air,
methgne, carbon dioxide, oxygen and steam. These values are based on the best available thermodynamic
data fpr each gas. The temperature (K) and pressure (MPa) are taken as the stagnation values.

B.3 Empirical equation

With the exception of carbon dioxide, oxygen and-steam, an empirical equation has been |developed to
accurately represent the C, values, removing the need for interpolation [/l. The equation is applicable over
restrigted temperature ranges. The empirical.equation takes the form:

d. :Zainbirci (B.1)
i
T
wherd 1=29 and 7= -0
Pc T

The cpefficients for thisyequation, and the corresponding critical parameters, are given separately for each gas
underheath the relévant table of values. The use of this equation does not introduce any signifigant additional
uncerfainty into.the critical flow calculation. Within the applicable temperature ranges, as given Helow, the use
of this| equation.is recommended instead of interpolating from the tables.

B.4 Atmosphericair

The C, values given in Table B.5 for dry air [or calculated from Equation (B.1) using the coefficients given in
Table B.6 for dry air] are valid only for dry CO,-free air. When a nozzle is used with atmospheric air that has
not been dried, the mass flow-rate can be significantly affected. In such circumstances, users should apply the
mass flow correction factor given in Annex D.

B.5 Nozzle throat to pipe diameter ratio, /¢
The values provided in this annex apply to cases where £< 0,25. If this condition is not met, there will be a

small but significant velocity at the upstream measurement point. In such circumstances, the user should also
apply the mass flow correction factor given in Annex E.

© IS0 2005 - All rights reserved 21
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B.6 C, values and coefficients for Equation (B.1)

Table B.1 gives values of C, and Table B.2 coefficients for Equation (B.1) for nitrogen.

Table B.1 — C, values — Nitrogen

Ty Po
K MPa
0,1 2 4 6 8 10 12 14 16 18 20

200 0,68561 | 0,703 67 | 0,724 97 [ 0,748 45 | 0,773 43 | 0,798 56 | 0,822 04 | 0,842 30 | 0,858 42 | 0,870 23 | 0,878 09
220 0,685 38 | 0,698 67 | 0,713 60 | 0,729 28 | 0,74530 | 0,761 09 | 0,77599 | 0,789 38 | 0,800 81 | 0,810 06-|v0)$17 10
240 0,68522 | 0,69521 | 0,706 08 | 0,717 14 | 0,728 16 | 0,738 84 | 0,748 89 | 0,758 03 | 0,766 04 | 0,772\80°| 0,778 25
260 0,685 10 | 0,692 72 | 0,700 83 | 0,708 90 | 0,716 79 | 0,724 34 | 0,731 40 | 0,737 82 | 0,743 52 | 0,748 40 | 0,152 44
280 0,685 00 | 0,690 88 | 0,697 02 | 0,703 03 | 0,708 82 | 0,714 30 | 0,719 38 | 0,723 99 | 0,728 08,].0,731 60 | 0,734 55
300 0,684 92 | 0,68948 | 0,694 17 | 0,698 70 | 0,703 00 | 0,707 03 | 0,710 74 | 0,714 08 | 0,747 03 | 0,719 56 | 0,721 68
320 0,684 85 | 0,688 39 | 0,691 98 | 0,695 40 | 0,698 62 | 0,701 60 | 0,704 31 | 0,706 73¢| 0,708 85 | 0,71065 | 0,712 13

340 0,684 78 | 0,687 52 | 0,690 26 | 0,692 85 | 0,695 24 | 0,697 44 | 0,699 41 | 0,701 14~ 0,702 63 | 0,703 87 | 0,704 86

360 0,684 70 | 0,686 81 | 0,688 89 | 0,690 82 | 0,692 58 | 0,694 17 | 0,695 58 | 0,696 79 | 0,697 80 | 0,698 61 | 0,699 22

380 0,684 62 | 0,686 21 | 0,687 76 | 0,689 18 | 0,690 45 | 0,691 57 | 0,692 53 0,693 33 | 0,693 97 | 0,694 44 | 0,694 75

400 0,684 52 | 0,685 70 | 0,686 82 | 0,687 83 | 0,688 71 | 0,689 45 | 0,690'07 | 0,690 54 | 0,690 88 | 0,691 09 | 0,691 16

420 0,684 41 | 0,685 25 | 0,686 03 | 0,686 70 | 0,687 26 | 0,687 71 [<0,688 04 | 0,688 26 | 0,688 36 | 0,688 35 | 0,688 24

440 0,684 28 | 0,684 84 | 0,68533 | 0,685 73 | 0,686 04 | 0,686-24| 0,686 35 | 0,686 36 | 0,686 27 | 0,686 09 | 0,685 82

460 0,684 13 | 0,684 45 | 0,684 71 | 0,684 89 | 0,684 98 | 0,684 99 | 0,684 91 | 0,684 75 | 0,684 51 | 0,684 19 | 0,683 79

480 0,683 95 | 0,684 09 | 0,684 15 | 0,684 15 | 0,684 07 (0,683 91 | 0,683 68 | 0,683 38 | 0,683 01 | 0,682 58 | 0,682 07

500 0,683 76 | 0,683 73 | 0,683 64 | 0,683 48 | 0,683.25 | 0,682 96 | 0,682 61 | 0,682 20 | 0,681 72 | 0,681 19 | 0,680 60

520 0,683 55 | 0,683 38 | 0,683 15 | 0,682 86 |-0,682 52 | 0,682 12 | 0,681 66 | 0,681 15 [ 0,680 59 | 0,679 98 | 0,679 32

540 0,683 31 | 0,683 03 | 0,682 69 | 0,682.29*| 0,681 85 | 0,681 35 | 0,680 81 | 0,680 22 | 0,679 59 | 0,678 92 | 0,678 20

560 0,683 05 | 0,68268 | 0,68224 | 0,681 75 | 0,681 22 | 0,680 65 | 0,680 04 | 0,679 39 | 0,678 70 | 0,677 97 | 0,677 21

580 0,682 78 | 0,682 32 | 0,681 80{.0,681 24 | 0,680 64 | 0,680 01 | 0,679 34 | 0,678 63 | 0,677 89 | 0,677 12 | 0,676 32

600 0,682 49 | 0,681 96 | 0,681)38 | 0,680 75 | 0,680 10 | 0,679 41 | 0,678 68 | 0,677 93 | 0,677 15 | 0,676 35 | 0,675 51
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Table B.2 — Coefficients for Equation (B.1) — Nitrogen

ISO 9300:2005(E)

i a; b; ¢
1 5,205 142 20 x 103 0 -4
2 6,814 027 97 x 10" 0 0
3 2,377 46161 x 1073 0 1
4 —4,519510 40 x 104 0 2
5 -1,374 006 43 x 10~ 1 -7
6 1,499 853 26 x 10~" 1 -3
7 -2,290 164 23 x 103 1 0
8 399963765 < 105 1

9 -2,026 516 12 x 1073 1,5 N
10 3,024 106 16 x 104 1,5

11 2,837 231 67 x 107" 25 -8
12 -1,129 149 85 x 10" 3 -8
13 -2,531 93390 x 1073 3 #
14 2,222 006 17 x 107° 3,5 -
15 1,190 308 45 x 103 4 —6

Criticpl parameters:
e = 3,395 8 MPa
1.=126,192 K
For nifrogen, Equation (B.1) is valid over the temperature range 25010600 K at pressures up to 20 MPa. See [7] and [8].

Table

B.3 gives values of C, and Table B.4 coefficients:for Equation (B.1) for argon.

Table B.3=- C, values — Argon

T Po
K MPa
0,1 2 4 6 8 10 12 14 16 18 20

200 — — — — — — — — — -+ —

220 0,727 19 | 0,747 57 | 0,771)78 | 0,799 09 | 0,829 51 | 0,862 53 | 0,896 82 | 0,930 35 | 0,960 92 | 0,986 87 | 1,007 46
240 0,726 98 | 0,742 75~(°\0,760 74 | 0,780 16 | 0,800 86 | 0,822 48 | 0,844 48 | 0,866 12 | 0,886 59 | 0,906 15 | 0,921 29
260 0,726 82 | 0,739-26.1 0,753 08 | 0,767 56 | 0,782 56 | 0,797 87 | 0,813 20 | 0,828 21 | 0,842 53 | 0,855 83 | 0,867 83
280 0,726 70 | 0,736 67 | 0,747 52 | 0,758 66 | 0,769 98 | 0,781 35 | 0,792 61 | 0,803 55 | 0,814 01 | 0,823 82 | 0,832 81
300 0,726 60¢{.0,734 69 | 0,743 35 | 0,752 11 | 0,760 90 | 0,769 61 | 0,778 16 | 0,786 43 | 0,794 32 | 0,801 74 | 0,808 60
320 0,726%3)| 0,733 14 | 0,74015 | 0,747 15 | 0,754 09 | 0,760 92 | 0,767 57 | 0,773 97 | 0,780 06 | 0,785 79 | 0,791 11
340 0726 47 | 0,731 92 | 0,737 64 | 0,743 30 | 0,748 86 | 0,754 30 | 0,759 55 | 0,764 59 | 0,769 37 | 0,778 87 | 0,778 04
360 0,726 42 | 0,73094 | 0,73563 | 0,74025 | 0,744 76 | 0,749 13 | 0,753 33 | 0,757 34 | 0,761 14 | 0,764 70 | 0,768 01
38 n‘7')c: 28 n‘7'2n 14 f\77’2/1 Q2 n‘7'27 a0 0‘7/11 48 f\77/1: Q2 0‘7/1Q 44 0‘7:1 83 f\,7R/1 [aw4 f\,7 7 51 0‘760 14
400 0,726 35 | 0,729 48 | 0,73269 | 0,73581 | 0,738 82 | 0,741 70 | 0,744 45 | 0,747 04 | 0,749 48 | 0,751 76 | 0,753 85
420 0,726 32 | 0,728 93 | 0,73160 | 0,734 17 | 0,736 64 | 0,738 99 | 0,741 22 | 0,743 31 | 0,745 27 | 0,747 09 | 0,748 76
440 0,726 30 | 0,728 48 | 0,73069 | 0,73281 | 0,73483 | 0,736 74 | 0,738 55 | 0,740 24 | 0,741 81 | 0,743 26 | 0,744 59
460 0,726 28 | 0,728 09 | 0,72992 | 0,73166 | 0,73332 | 0,73488 | 0,736 33 | 0,737 69 | 0,738 94 | 0,740 09 | 0,741 12
480 0,726 27 | 0,727 77 | 0,72927 | 0,73070 | 0,73204 | 0,733 30 | 0,734 47 | 0,73555 | 0,736 54 | 0,737 43 | 0,738 23
500 0,726 25 | 0,72749 | 0,728 72 | 0,72988 | 0,73097 | 0,73197 | 0,73290 | 0,733 74 | 0,734 51 | 0,73519 | 0,73579
520 0,726 24 | 0,727 25 | 0,72825 | 0,72918 | 0,73004 | 0,73084 | 0,73156 | 0,73221 | 0,73279 | 0,733 29 | 0,733 72
540 0,726 23 | 0,727 04 | 0,727 84 | 0,728 58 | 0,729 25 | 0,729 87 | 0,73041 | 0,73089 | 0,731 31 | 0,731 67 | 0,731 96
560 0,726 22 | 0,726 87 | 0,727 49 | 0,728 06 | 0,728 57 | 0,729 03 | 0,729 43 | 0,729 77 | 0,730 05 | 0,730 27 | 0,730 44
580 0,726 21 | 0,726 71 | 0,727 19 | 0,727 61 | 0,727 99 | 0,728 31 | 0,728 57 | 0,728 79 | 0,728 96 | 0,729 07 | 0,729 13
600 0,726 21 | 0,726 58 | 0,726 92 | 0,727 22 | 0,727 47 | 0,727 68 | 0,727 84 | 0,727 95 | 0,728 01 | 0,728 03 | 0,728 00
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Table B.4 — Coefficients for Equation (B.1) — Argon

i a; b; C;

1 7,261 844 00 x 10" 0 0

2 -1,173 389 76 x 10~" 1 -4

3 2,334 785 17 x 10" 1 -3

4 -2,250 904 86 x 1073 1 0

5 3,571 311 67 x 102 1,5 4

6 9,236 691 04 x 102 2 -9

7 ~7,882 951 14 x 103 2 -3

8 —4-050-612-00~<10—= 2 —2

) 9,893 03393 x 10°° 2 0

10 -1,502 565 89 x 10~" 2,5 -8

1 3,551 149 94 x 10" 3 18

12 1,400 857 98 x 102 3 4

13 -1,511 223 06 x 10" 3,5 -8

14 —2,569 959 78 x 1072 3,5 -5

15 1,570 106 43 x 102 4 -6
Critical parameters:
pe=4,868 MPa
T, = 150,687 K

For argon, Equation (B.1) is valid over the temperature range 250 to 600 K at\pressures up to 20 MPa. See [7] and [[9].

Table B.5 gives values of C, and Table B.6 coefficients for Equation (B.1) for dry air.

Table B.5 — C, values — Dry air

Ty Po
K MPa
0j1 2 4 6 8 10 12 14 16 18 20

200 0,685 90 | 0,705 14 | 0,728 11 | 0,754.14*( 0,782 77 | 0,81251 | 0,841 06 | 0,866 13 | 0,886 30 | 0,901 24 | 0,911 32
220 0,685 66 | 0,699 86 | 0,71594 | 0;733™5 | 0,751 19 | 0,769 46 | 0,787 13 | 0,803 37 | 0,817 52 | 0,829 20 | 0,$38 33
240 0,685 48 | 0,696 22 | 0,707 95(| 0,720 05 | 0,732 36 | 0,744 59 | 0,756 36 | 0,767 32 | 0,777 16 | 0,785 65 | 0,192 71
260 0,685 34 | 0,693 60 | 0,702.38/( 0,711 22 | 0,720 02 | 0,728 63 | 0,736 88 | 0,744 57 | 0,751 55 | 0,757 70 | 0,162 96
280 0,685 21 | 0,691 64 | 0;69834 | 0,704 95 | 0,711 43 | 0,717 69 | 0,723 64 | 0,729 18 | 0,734 23 | 0,738 72 | 0,742 61
300 0,685 09 | 0,690 1340;695 29 | 0,700 32 | 0,70517 | 0,709 81 | 0,714 19 | 0,718 25 | 0,721 94 | 0,72524 | 0,728 10
320 0,684 97 | 0,68893 | 0,692 94 | 0,696 79 | 0,700 46 | 0,703 93 | 0,707 18 | 0,710 18 | 0,71289 | 0,71531 | 0,717 40
340 0,684 85 | 07687 96 | 0,691 08 | 0,694 03 | 0,696 81 | 0,699 42 | 0,701 84 | 0,704 04 | 0,706 03 | 0,707 78 | 0,709 29
360 0,684 714 0,687 15 | 0,689 57 | 0,691 83 | 0,693 93 | 0,695 87 | 0,697 66 | 0,699 27 | 0,700 70 | 0,701 94 | 0,702 99

380 0,684 55| 0,68646 | 0,688 31 | 0,690 02 | 0,691 59 | 0,693 03 | 0,694 32 | 0,695 46 | 0,696 46 | 0,697 31 | 0,698 00

400 0,684 38 | 0,68585 | 0,687 25 | 0,688 52 | 0,689 67 | 0,690 70 | 0,691 60 | 0,692 38 | 0,693 04 | 0,693 57 | 0,693 98

420 0,684 19 | 0,685 29 | 0,686 33 | 0,687 25 | 0,688 06 | 0,688 76 | 0,689 35 | 0,689 84 | 0,690 23 | 0,690 51 | 0,690 69

440 0,683 97 | 0,684 78 | 0,68552 | 0,686 15 | 0,686 68 | 0,687 12 | 0,687 46 | 0,687 72 | 0,687 89 | 0,687 97 | 0,687 96

460 0,683 74 | 0,684 30 | 0,684 79 | 0,685 18 | 0,68549 | 0,685 71 | 0,68585 | 0,685 91 | 0,685 90 | 0,685 82 | 0,685 66

480 0,683 49 | 0,683 84 | 0,684 12 | 0,684 32 | 0,684 43 | 0,684 48 | 0,684 45 | 0,684 36 | 0,684 21 | 0,683 99 | 0,683 70

500 0,683 22 | 0,683 39 | 0,683 50 | 0,683 53 | 0,683 49 | 0,683 39 | 0,683 23 | 0,683 01 | 0,682 73 | 0,682 40 | 0,682 02

520 0,68293 | 0,682 96 | 0,68292 | 0,682 81 | 0,68265 | 0,68242 | 0,682 15 | 0,681 82 | 0,681 44 | 0,681 02 | 0,680 55

540 0,68262 | 0,682 53 | 0,682 37 | 0,682 15 | 0,681 87 | 0,681 54 | 0,681 17 | 0,680 76 | 0,680 30 | 0,679 80 | 0,679 26

560 0,682 30 | 0,682 10 | 0,681 84 | 0,681 52 | 0,681 15 | 0,680 74 | 0,680 29 | 0,679 80 | 0,679 27 | 0,678 71 | 0,678 11

580 0,681 97 | 0,68168 | 0,681 33 | 0,680 93 | 0,68049 | 0,68000 | 0,67948 | 0,678 93 | 0,678 35 | 0,677 73 | 0,677 09

600 0,681 63 | 0,681 27 | 0,680 84 | 0,680 37 | 0,679 86 | 0,679 32 | 0,678 74 | 0,678 14 | 0,677 51 | 0,676 85 | 0,676 16
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Table B.6 — Coefficients for Equation (B.1) — Dry air

ISO 9300:2005(E)

i a; b; ¢
1 1,967 947 91 x 1072 0 -3
2 -2,774 414 35 x 102 0 -1
3 7,031 906 83 x 10~" 0 0
4 -3,448 411 43 x 1073 0 1
5 -1,135939 77 x 10" 1 -7
6 1,507 325 95 x 10~ 1 -3
7 -2,403 454 97 x 1073 1 0
8 1,224 631 76 x 1079 1 3
9 -3,064 388 30 x 10~ 2 -
10 2,116 285 54 x 107" 2,5 -8
11 5,128 802 07 x 10 2,5
12 -1,666 687 29 x 106 3
13 -6,554 052 14 x 1072 3,5 -8
14 1,390 831 40 x 1072 4 -8
Criticpl parameters:
M. = 3,786 MPa
1.=132,5306 K
For dify air, Equation (B.1) is valid over the temperature range 250 to 600 Ksat pressures up to 20 MPa. Seg [7] and [10].

Table

B.7 gives values of C, and Table B.8 coefficients for Equation (B.1) for methane.

Table B.7 — C, values — Methane

T, Pg
K MPa

0,1 2 4 6 8 10 12 14 16 18 20
200 — — — — — — — — — -+ —
220 0,674 04 | 0,707 10 | 0,757 33 | 0,840 96 | 0,992 20 | 1,163 38 — — — -+ —
240 0,673 23 | 0,697 96 | 0,73148°0,77554 | 0,83585 | 0,91211 | 0,989 36 | 1,04930 | 1,08802 | 1,100 75 | 1,119 53
260 0,67229 | 0,691 35 | 0,715115 | 0,743 81 | 0,77822 | 0,818 18 | 0,861 09 | 0,902 06 | 0,936 53 | 0,96 60 | 0,980 60
280 0,671 19 | 0,686 19-(\0,704 03 | 0,724 26 | 0,747 03 | 0,772 03 | 0,798 39 | 0,824 59 | 0,848 87 | 0,860 83 | 0,88678
300 0,669 92 | 0,68489.( 0,69566 | 0,71068 | 0,726 91 | 0,744 13 | 0,761 92 | 0,779 64 | 0,796 56 | 0,81R 00 | 0,825 46
320 0,668 50 | 0,678 15 | 0,688 98 | 0,700 49 | 0,71259 | 0,72513 | 0,737 88 | 0,750 51 | 0,762 68 | 0,774 03 | 0,784 30
340 0,666 960,674 80 | 0,683 44 | 0,69243 | 0,701 72 | 0,711 18 | 0,720 67 | 0,730 02 | 0,739 04 | 0,747 54 | 0,755 36
360 0,66532 | 0,671 73 | 0,678 69 | 0,685 82 | 0,693 08 | 0,700 39 | 0,707 64 | 0,714 75 | 0,721 59 | 0,728 06 | 0,734 06
380 0,663 63 | 0,668 89 | 0,674 54 | 0,680 25 | 0,686 00 | 0,691 73 | 0,697 37 | 0,702 87 | 0,708 15 | 0,713 14 | 0,717 79
400 0,661 93 | 0,666 26 | 0,670 85 | 0,675 46 | 0,680 05 | 0,684 59 | 0,689 03 | 0,693 33 | 0,697 45 | 0,701 34 | 0,704 97
420 0,660 25 | 0,663 81 | 0,667 56 | 0,67129 | 0,67497 | 0,678 59 | 0,682 11 | 0,685 50 | 0,688 73 | 0,691 78 | 0,694 63
440 0,658 60 | 0,661 53 | 0,664 59 | 0,667 61 | 0,670 58 | 0,673 47 | 0,676 27 | 0,678 95 | 0,681 49 | 0,683 89 | 0,686 11
460 0,657 00 | 0,659 40 | 0,661 90 | 0,664 35 | 0,666 73 | 0,669 05 | 0,671 27 | 0,673 39 | 0,675 39 | 0,677 27 | 0,679 00
480 0,65547 | 0,657 43 | 0,659 46 | 0,66144 | 0,663 35 | 0,665 19 | 0,666 95 | 0,668 62 | 0,670 18 | 0,671 64 | 0,672 98
500 0,654 01 | 0,655 61 | 0,657 24 | 0,658 82 | 0,660 35 | 0,661 80 | 0,663 18 | 0,664 49 | 0,665 70 | 0,666 82 | 0,667 84
520 0,652 62 | 0,653 91 | 0,65521 | 0,656 47 | 0,657 67 | 0,658 81 | 0,659 88 | 0,660 88 | 0,661 80 | 0,662 64 | 0,663 39
540 0,651 31 | 0,652 33 | 0,653 36 | 0,654 34 | 0,655 27 | 0,656 14 | 0,656 96 | 0,657 70 | 0,658 39 | 0,659 00 | 0,659 53
560 0,650 07 | 0,650 87 | 0,65166 | 0,65241 | 0,653 11 | 0,653 76 | 0,654 36 | 0,654 90 | 0,655 38 | 0,655 80 | 0,656 15
580 0,648 91 | 0,649 51 | 0,650 10 | 0,650 66 | 0,651 16 | 0,651 63 | 0,652 04 | 0,652 40 | 0,652 71 | 0,652 97 | 0,653 18
600 0,647 80 | 0,648 24 | 0,64866 | 0,64905 | 0,64939 | 0,649 70 | 0,649 96 | 0,650 17 | 0,650 34 | 0,650 46 | 0,650 54
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Table B.8 — Coefficients for Equation (B.1) — Methane

i a; b; C;
1 —4,720 546 92 x 102 0 -1
2 7,648 102 27 x 10" 0 0
3 -5,034 818 10 x 102 0 1
4 5,707 154 95 x 1073 0 2
5 —-8,628 216 22 x 102 0,5 -7
6 2,310 287 94 x 1073 0,5 -4
7 7,445 647 54 x 10" 1 -9
—4 276 642 05 x 101 1 -6
D 3,289 116 00 x 10" 1 -4
10 —2,068 296 47 x 103 1 0
L -8,178 634 39 x 10" 1,5 <10
12 1,868 520 89 x 104 1,5 -1
13 3,835 357 66 x 10" 2 -9
11 —-2,429 634 03 x 1073 3 -4
15 2,802 359 69 x 10" 4 -15
16 -1,226 295 45 x 10" 5 -15
17 1,706 268 70 x 104 5 -6
118 1,582 014 74 x 102 6 -14
19 3,733 935 09 x 10-3 6 —12
Critical paranleters:
P =4,592 2 MPa
T, =190,p64 K
For methane, [Equation (B.1) is valid over the temperature range” 270 to 600 K at pressures up to 20 MPa. See [7]
and [11].
Table B.9 gives values of C, for carbon dioxide 2} Table B.10 those for oxygen [13] and Table B.11 thgse for
steam.
Table-B.9 — C, values — Carbon dioxide
T, Pn
K MPa
of1 2 4 6 8 10 12 14 16 18 20
240 4 — - — — — — — — — —
260 0,673 18 — — — — — — — — — —
280 0,670 66 | 0,745 19 — — — — — — — — —
300 0,668 43 |0,701 88 | 0,755 14 — — — — — — — —
320 0,666 460,692 45 | 0,729 20 | 0,784 19 — — — — — — —
340 0,664 70’| 0,68539 | 0,712 56 | 0,748 21 | 0,797 97 — — — — — —
360 0,663 13 | 0,67989 | 0,700 83 | 0,726 33 | 0,758 13 | 0,798 64 | 0,850 46 | 0,913 90 | 0,982 71 | 1,045 85 | 1,096 34
380 0,66171 | 0,67550 | 0,692 09 | 0,711 34 | 0,733 88 | 0,760 41 | 0,791 55 | 0,827 36 | 0,866 73 | 0,907 11 | 0,945 22
400 0,660 42 | 0,67189 | 0,68532 | 0,700 38 | 0,717 29 | 0,736 31 | 0,757 56 | 0,780 99 | 0,806 20 | 0,832 39 | 0,858 44
420 0,659 26 | 0,668 89 | 0,679 93 | 0,691 99 | 0,705 18 | 0,719 54 | 0,73511 | 0,751 79 | 0,769 39 | 0,787 55 | 0,805 80
440 0,658 19 | 0,666 34 | 0,675 53 | 0,685 38 | 0,695 92 | 0,707 16 | 0,719 08 | 0,731 60 | 0,744 61 | 0,757 91 | 0,771 28
460 0,657 21 | 0,664 16 | 0,671 88 | 0,680 03 | 0,688 62 | 0,697 63 | 0,707 03 | 0,716 77 | 0,726 77 | 0,736 92 | 0,747 08
480 0,656 31 | 0,662 26 | 0,668 80 | 0,67562 | 0,682 72 | 0,690 07 | 0,697 65 | 0,70542 | 0,713 32 | 0,721 28 | 0,729 22
500 0,655 48 | 0,660 60 | 0,666 18 | 0,671 93 | 0,677 86 | 0,683 94 | 0,690 15 | 0,696 45 | 0,702 82 | 0,709 20 | 0,715 54
520 0,654 71| 0,659 13 | 0,663 91 | 0,668 80 | 0,673 79 | 0,678 87 | 0,684 02 | 0,689 21 | 0,694 42 | 0,699 61 | 0,704 75
540 0,653 99 | 0,657 82 | 0,661 93 | 0,666 11 | 0,670 34 | 0,674 62 | 0,678 92 | 0,683 24 | 0,687 55 | 0,691 83 | 0,696 05
560 0,653 32 | 0,656 65 | 0,660 19 | 0,663 77 | 0,667 38 | 0,671 00 | 0,674 63 | 0,678 25 | 0,681 85 | 0,685 40 | 0,688 90
580 0,652 69 | 0,65558 | 0,658 65 | 0,661 73 | 0,664 82 | 0,667 90 | 0,670 97 | 0,674 02 | 0,677 04 | 0,680 01 | 0,682 93
600 0,652 10 | 0,654 62 | 0,657 28 | 0,659 93 | 0,662 58 | 0,665 21 | 0,667 82 | 0,670 40 | 0,672 95 | 0,675 45 | 0,677 89
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Table B.10 — C, values — Oxygen

ISO 9300:2005(E)

Ty Po
K MPa
0 0,5 1 2 3 4 5 6 7 8 9 10
22315 | 0,6846 | 0,6886 | 0,6927 | 0,7013 | 0,7104 | 0,7201 | 0,7304 | 0,7413 | 0,7528 | 0,7650 | 0,777 9 | 0,791 4
248,15 | 0,684 5 | 0,687 5 | 0,6905 | 0,696 6 | 0,7030 | 0,7096 | 0,716 4 | 0,7234 [ 0,7307 | 0,738 1 | 0,7457 | 0,753 5
27315 | 0,684 4 | 0,6866 | 0,6889 | 0,6934 | 0,698 1 | 0,7028 | 0,707 6 | 0,7125 | 0,7175 | 0,7225 | 0,727 6 | 0,7326
298,15 | 0,6842 | 0,6859 | 0,6876 | 0,691 1 | 0,6946 | 0,698 1 | 0,7016 | 0,7052 | 0,7087 | 0,7123 | 0,7159 | 0,719 4
323,15 | 0,6839 | 0,6852 | 0,6865 | 0,6892 | 0,6919 | 0,694 5 | 0,697 2 | 0,6999 | 0,7025 | 0,7051 | 0,707 8 | 0,710 3
348,15 | 0,6835 | 0,6845 | 0,6855 | 0,6876 | 0,6897 | 0,6917 | 0,693 8 | 0,6958 | 0,697 8 | 0,699 8 |(8,f017 | 0,703 7
373,15 | 0,6829 | 0,6837 | 0,6845 | 0,6861 | 0,6877 | 0,6893 | 0,6909 | 0,6925 | 0,694 0 | 0,6955,1°0,697 0 | 0,698 4
Table B.11 — C,. values — Steam (single-phase gas)
Ty Py
K MPa
0,1 2 4 6 8 10 12 14 16 18 20
420 0,673 38 — — — — — Y — — <+ —
440 0,672 72 — — — — — — — — <+ —
460 0,672 09 — — — — — — — — -+ —
480 0,671 49 — — — — — — — — <+ —
500 0,670 91 — — — — — — — — <+ —
520 0,670 35 — — — — — — — — -+ —
540 0,669 82 | 0,689 77 — — ) — — — — <+ —
560 0,669 30 | 0,686 41 — — — — — — — + —
580 0,668 79 | 0,683 58 | 0,702 47 — — — — — — + —
600 0,668 30 | 0,681 19 | 0,697 15 {0,716 39 — — — — — <+ —
620 0,667 81 | 0,679 13 | 0,692/78 0,708 75 | 0,727 78 | 0,751 02 — — — <+ —
640 0,667 34 | 0,677 32 | 0,689)14 | 0,702 60 | 0,718 17 | 0,736 49 | 0,758 52 — — <+ —
660 0,666 87 | 0,675 73-{\0,686 04 | 0,697 57 | 0,710 57 | 0,725 41 | 0,742 60 | 0,762 88 | 0,787 38 <+ —
680 0,666 42 | 0,674-3171°0,683 38 | 0,693 35 | 0,704 40 | 0,716 73 | 0,730 61 | 0,746 42 | 0,764 67 | 0,786 09 | 0,811 77
700 0,665 97 | 0,673 02 | 0,681 05 | 0,689 77 | 0,699 28 | 0,709 72 | 0,721 23 | 0,734 02 | 0,748 34 | 0,764 53 | 0,783 02
720 0,665 52¢},0,671 86 | 0,679 00 | 0,686 67 | 0,694 95 | 0,703 92 | 0,713 65 | 0,724 28 | 0,735 92 | 0,748 77 | 0,763 01
740 0,66508'| 0,670 79 | 0,677 17 | 0,683 97 | 0,691 24 | 0,699 02 | 0,707 38 | 0,716 37 | 0,726 09 | 0,736 61 | 0,748 04
760 03664 65 | 0,669 80 | 0,675 53 | 0,681 59 | 0,688 01 | 0,694 84 | 0,702 09 | 0,709 81 | 0,718 06 | 0,726 88 | 0,736 33
780 0,664 22 | 0,668 89 | 0,674 05 | 0,679 47 | 0,685 18 | 0,691 21 | 0,697 56 | 0,704 27 | 0,711 37 | 0,718 89 | 0,726 86
80 U663 80 | U,668 U4 | U672 70 | U677 57 | U,68268 | U,688 U3 | U,69364 | 0,699 52 [ U,705 70 | U,712 19 | 0,719 02
820 0,663 38 | 0,667 24 | 0,671 46 | 0,67586 | 0,680 44 | 0,685 22 | 0,690 20 | 0,695 40 | 0,700 83 | 0,706 49 | 0,712 41
840 0,662 96 | 0,666 48 | 0,670 32 | 0,674 30 | 0,678 43 | 0,682 72 | 0,687 17 | 0,691 79 | 0,696 59 | 0,701 57 | 0,706 75
860 0,662 55 | 0,665 77 | 0,669 27 | 0,672 88 | 0,676 61 | 0,680 48 | 0,684 47 | 0,688 60 | 0,692 87 | 0,697 29 | 0,701 85
880 0,662 15 | 0,665 09 | 0,668 28 | 0,671 57 | 0,674 96 | 0,678 45 | 0,682 05 | 0,685 76 | 0,689 58 | 0,693 51 | 0,697 57
900 0,661 75 | 0,664 45 | 0,667 37 | 0,670 37 | 0,673 45 | 0,676 61 | 0,679 87 | 0,683 21 | 0,686 64 | 0,690 17 | 0,693 79
920 0,661 35 | 0,663 83 | 0,666 51 | 0,669 25 | 0,672 06 | 0,674 94 | 0,677 89 | 0,680 91 | 0,684 01 | 0,687 18 | 0,690 43
940 0,660 96 | 0,663 24 | 0,665 69 | 0,668 21 | 0,670 77 | 0,673 40 | 0,676 08 | 0,678 83 | 0,681 63 | 0,684 50 | 0,687 42
960 0,660 57 | 0,662 67 | 0,664 93 | 0,667 23 | 0,669 58 | 0,671 98 | 0,674 43 | 0,676 93 | 0,679 47 | 0,682 07 | 0,684 72
980 0,660 19 | 0,662 13 | 0,664 20 | 0,666 32 | 0,668 48 | 0,670 67 | 0,672 91 | 0,67519 | 0,677 51 | 0,679 87 | 0,682 27
1000 | 0,65981 | 0,66160 | 0,663 51 | 0,66546 | 0,667 44 | 0,669 46 | 0,671 51 | 0,673 59 | 0,675 71 | 0,677 86 | 0,680 04
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Annex C

(normative)

Computation of critical mass flux for natural gas mixtures

C.1 General

This annex provides the necessary information for calculating the critical mass flux of natural gas mixtures.

The correlatign calculates the mass flux, ¢,,/44Cy, directly and is expressed in terms of temperature, pre

and gas comy

The correlatiq
mixture in que

Range 1
Range 2
Range 3

The recommes

osition.

stion:
0,01 to 0,045
0,045 to 0,08

0,08 t0 0,115

n is divided into three composition ranges by the mole fraction content of ethiane in th

nded mole fraction limits for which the correlation is applicable are given in Table C.1.

Table C.1 — Recommended molé .fraction limits

pSsure

e gas

Component Range 1 Range 2 Range 3
Methane 0,89-0,98 0,84-0,93 0,79-0,88
Ethane 0,01-0,045 0,045-0,08 0,08-0,115
Propane 0,002-0,02 0,008-0,03 0,015-0,04
Butane 0;0+0,005 0,002-0,01 0,003-0,015
Pentane 0;0-0,002 0,0-0,004 0,0-0,005
Hexane + 0,0-0,001 5 0,0-0,002 0,0-0,003
Nitrogen 0,0-0,03 0,0-0,03 0,0-0,015
Carbon dioxid¢ 0,0-0,025 0,0-0,025 0,01-0,025

The correlatid

fractions shoyld-add to unity.

n is Valid in the temperature range 270 to 320 K at pressures up to 12 MPa. Note tha

mole

If a natural gas mixture does not fit with the fraction limit of one composition range given above, it is
recommended that the composition range for which the mole fraction content of ethane is the closest be used.
In such cases, the relative uncertainty on ¢, /4,,Cy is increased from 0,10 % to 0,15 % at 95 % confidence.

C.2 Correlation

dm
Antcd’

28

=qref +Sx f

© I1SO 2005 — All rights reserved


https://standardsiso.com/api/?name=0a0f67ec3d5e029811c15f3aedeab2b6

where

ISO 9300:2005(E)

dref is the mass flux of a reference gas;

S

f

The ge

qr

is the sensitivity of the mass flux to a change in composition;
is a composition dependent factor.

neral form for each of these terms is given in Equations (C.2) to (C.4):

a b
ef :Zain ir?
i

wherd p,os = 5 MPa and T, = 200 K.

The cpefficients for g, and S for the three compositionranges are given in Tables C.2, C.3

coeffi

See [14].

C.3 Nozzle throat to pipe diameterratio, 5

The vplues provided in this annex<apply to cases where < 0,25. If this condition is not met, {
small put significant velocity at the upstream measurement point. In such circumstances, the us
apply the mass flow correction faétor given in Annex E.

= Zbiny"rfy"
i

Ce
:XC2 + Z AiXi +|:AN2 _(BN2 —CNZT)TCj|XN2 +|:ACO2 —(BCO2 _CCOZT)F':|XC02 —
i=Cj3
T
:ﬂ and 7 = 0
Pref Thref

ients for ffor the three composition ranges are given'in Table C.5.

(C.2)
(C.3)
Aref (C4)
and C.4. The

here will be a
er should also

Table C.2 — Coefficients of g,; and S for Equations (C.2) and (C.3) — First compositign range

ki a a 1/ b 14 )

1 0,108 244 635 x 10° 1 -0,5 0,484 093 947 x 104 1 -4.,5
2 -0,736 494 058 x 102 1 1,5 -0,136 051 287 x 10° 1 -2,5
3 -0,287 636 821 x 10* 2 -9,5 0,132 819 568 x 10° 1 -1,5
4 0,293 505 438 x 10% 2 —4.,5 0,124 742 840 x 10° 1,9 -0,5
5 0,213 321 640 x 103 2,5 -3,5 0,270 400 184 x 104 2 -4.,5
6 0,470 680 038 x 104 3,5 -12,5 0,465 931 801 x 104 2,5 -5,5
7 -0,113 603 383 x 10" 5 -0,5 -0,522 305 671 x 10° 3,5 -15,5
8 -0,949 791 998 x 101 9 -15,5 0,728 305 715 x 10° 4 -15,5
9 — — — 0,626 536 557 x 101 4 -0,5
10 — — — 0,863 837 290 x 10" 6 -8,5
11 — — — -0,218 148 488 x 10" 6 -0,5
12 — — — -0,205 507 321 x 103 9 -15,5
13 — — — 0,172 829 796 x 10" 11 -10,5
14 — — — 0,366 195 951 x 102 16 -10,5
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Table C.3 — Coefficients of g.; and S for Equations (C.2) and (C.3) — Second composition range

k a a p) b ¥ 5
1 0,110 966 325 x 105 1 -0,5 0,598 807 893 x 10° 0 -0,5
2 —0,812 543 416 x 102 1 1,5 0,618 961 744 x 103 1 -1,5
3 -0,297 016 307 x 104 2 -6,5 0,302 809 257 x 104 1 -0,5
4 0,433 774 605 x 104 2 4,5 0,134 089 681 x 10* 1,5 -3,5
5 0,148 426 025 x 10* 3 7,5 0,523 229 697 x 103 2 -1,5
6 8,704 694512 <10 < =455 =6,862-689- 78504 3 =85
7 -0,254 996 358 x 10' 4,5 -0,5 0,235 424 200 x 105 3 .5
8 -0,224 612 799 x 102 9 -15,5 -0,767 928 108 x 103 35 B,5
9 — — — -0,859 071 767 x 10° 45 12,5
10 — — — 0,724 778 127 x 10* 4,5 -B.5
11 — — — 0,153 097 473 x 10° 5 -15.,5
12 — — — -0,135 420 339,x 104 6 -10,5
13 — — — -0,292 807)154 x 10° 7 -20,5
14 — — — 0,884°153 806 x 10~ 16 -15.5
Table C.4 — Coefficients of ¢.; and S for Equations (C.2) and (C.3) — Third composition range

k a a [/ b y o

1 0,115 572 303 x 10° 1 -0,5 0,801 874 088 x 103 1 .5
2 -0,249 894 765 x 103 1 0,5 0,264 127 915 x 104 1 0,5
3 -0,240 531 018 x 104 2 -7,5 0,247 996 282 x 103 1,25 0,5
4 0,404 006 226 - 10* 2 -4,5 0,178 851 521 x 104 2 -B,5
5 0,271 706 092 % 104 3 -7,5 0,101 397 979 x 105 2,5 5.5
6 -0,126 049 305 x 105 4 -15,5 -0,296 058 326 x 102 3,5 0,5
7 04558 331 233 x 10° 5 -18,5 -0,680 911 912 x 10° 4 -15,5
8 —0/115034 413 « 103 5 _75 0,259 571 626 « 106 5 -18,5
9 -0,262 586 997 x 105 6 -20,5 -0,144 795 597 x 108 7 -25,5
10 — — — -0,110 728 705 x 104 9 -15,5
11 — — — 0,144 085 124 x 102 11 -10,5
12 — — — 0,901 740 847 x 10° 16 -15,5
13 — — — -0,132 368 505 x 100 16 -10,5

30
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Table C.5 — Coefficients for / for Equation (C.4)

ISO 9300:2005(E)

Coefficient Range 1 Range 2 Range 3
Ac, 2,011 3 2,157 5 2,244 0
dc, 2,7517 2,803 4 3,123 8
Acg 3,889 8 4,086 0 4,316 1
Acyg 4,947 8 5,423 0 5,869 3
AN, 1,014 8 1,041 1 1,107 4
Bn, 1,464 3 1,672 1 2,268 9
Cn, 0,765 0 0,879 4 222 4
Aco, 2,253 3 2,348 8 24347
Bco, 1,673 3 2,002 4 2,1250
Cco, 0,8819 1,065 9 1,125 1
Aref 0,066 36 0,136 94 0,217 73

C4

Sample values for computer code verification

Tableg C.6 and C.7 present sample values against which ‘the user can verify the implemenptation of the
correlation.
Table C.6 — Sample values for verifying implementation of correlation
Component Test gas-1 Test gas 2 Tes{gas 3
Methgdne 0,9317 0,880 5 0,437 5
Nitrogen 0,024 3 0,0104 0,903 9
Carbdn dioxide 0,009 5 0,020 4 0,197
Ethane 0,026 3 0,062 4 0,993 5
Propane 0,004 9 0,0184 0,033 1
Butange 0,002 0 0,006 1 0,097
Pentape 0,001 3 0,0015 0,020
Hexane 0,0000 0,000 3 0,000 6
Table C.7 — Sample values for verifying implementation of correlation
Ty Po Gref N S quml(AntCq))
K MPa

280 2 3 704,50 1481,33 0,020 94 3 735,52
Test gas 1

310 10 19 007,4 10 716,5 0,007 07 19 083,2

280 2 3 805,42 1402,57 0,042 76 3 865,38
Test gas 2

310 10 19749,8 10 905,8 0,028 04 20 055,5

280 2 3913,25 1325,58 0,039 58 3965,72
Test gas 3

310 10 20 603,1 11 260,7 0,026 85 20 905,5
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