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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 1SO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the r|ght to be represented on that commlttee International orgamza'uons governmental and
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Introduction

This part of ISO 6145 is one of a series of standards that present various dynamic volumetric methods used for
the preparation of calibration gas mixtures.

© 1SO 2003 - All rights reserved \Y
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6143, Gas analysis — Comparison methods for determining and checking the composition of calibration

ISO 6145-1, Gas analysis — Preparation of calibration gas mixtures using dynamic volumetric methods —

Part

1: Methods of calibration

3 Principle

When passed through a critical orifice at increasing upstream pressure p;, the volume flow rate of gas passing
through the orifice will increase. When the ratio of the gas pressure upstream p; and the gas pressure
downstream of the orifice p, has reached a critical value, on further increase of p; the volume flow rate of the
gas becomes independent with respect to p,.
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For a given gas, and at constant temperature the critical pressure ratio is:

P2
b1

(

> crit

2

v+1

()

where -y is the ratio of the molar heat capacities of the gas at constant pressure and at constant volume.

For monatomic, diatomic and triatomic gases, this critical pressure ratio is approximately 0,5.

Orifice systems which are operated at pressure ratios p,/p; less than (pa/p;)

crit

@)

are termed “critical orifices”.
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ary gas is flowing, it can be measured after the flow of complementary gas-has been stopped
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htion to preparation of gas mixtures

ption of the orifice system and the experimental procedure
diagram of the arrangement for preparation of binary mixtures is shown in Figure 1.
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1 pressure cylinder (complementary gas)
2 pressure gauge (inlet pressure)
3 pressure-reducing valve
4 pressure gauge (delivery pressure)
5 filter
6 pressure regulator
7 pressure gauge
8 shut-off valve
9 orifice (complementary gas)
10 | orifice (calibration component)
11 | orifice system
12 | exitforcalibration gas mixture
13 | spressure cylinder (calibration component)
14 pressarcgaocygt™ GII:C: Pt COOUIC)
15  pressure-reducing valve
16  pressure gauge (delivery pressure)
17  filter
18  pressure regulator
19  ventvalve
20 pressure gauge
Figure 1 — Preparation of calibration gas mixtures with a critical orifice system
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4.2 Area of validity

The method is applicable to preparation of mixtures of non-reacting species, i.e. those which do not react with
any material of construction of the flow path within the orifice system or the ancillary equipment. Particular care
shall be exercised if the method is considered as a means of preparation of gaseous mixtures that contain
components which form potentially explosive mixtures in air. Steps shall be taken to ensure that the apparatus
is safe, for example by means of in-line flame arrestors in addition to the items listed in 4.1 (unless the in-line
metallic filters already present are in fact approved sintered metal flame arrestors). This is of particular
importance in this method because the gases in the dilution system are at pressures appreciably above the
prevailing barometric pressure.

The method|is not absolute and each orifice system shall be calibrated for the particular gas for which it is o be
used. This ig necessary because the formula for the volume flow rate of a gas includes the molar mass:
4.3 Operdting conditions
The general [precautions common to all dynamic techniques of preparation shall be observed. It is essential that
attention is paid to the materials used in construction of the flow system. Only materials of low porosity and
which are nqn-adsorbing are suitable. The pipe work shall be clean and all joints seCuf€.
5 Calculgtion of operating parameters and results
5.1 Selection of suitable orifice systems
The volume flow rate of a gas through an orifice at p, < 0,5p; is given by:
y+1
Qo = &\/E./h / RT, . 7<L) 7 2)
palV T3 M y+1

where (in thg¢ appropriate units)

Qo i the volume flow rate of the gas under normal conditions;

Dn i$ the standard atmospheric pressure (101,325 kPa);

T, is the normal temperature (273,15 K);

D1 i$ the pressure-of the gas upstream of the orifice;

T i$ the upstream temperature of the gas;

R is the universal gas constant [R”MA 510 1/(mn|-|()];

M is the molar mass of the gas, in grams per mole;

¥ is the ratio of the molar heat capacities of the gas at constant pressure and at constant volume;

is the cross-sectional area of the orifice;

D2 is the pressure of the gas downstream of the orifice.

At a constant temperature, T}, Equation (2) can be simplified to:
_1
Go=D-d*-M"2p, (3)

© 1SO 2003 - All rights reserved
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where

d is the diameter of the orifice;

D is a constant.
For polyatomic gaseous molecules, the ratio of the molar heat capacities, -y, is calculated from the known value
of Cp, the molar heat capacity at constant pressure, and the value of C'y/, the molar heat capacity at constant

volume calculated from the relationship Cp — Cy = R. The value for D can then be calculated.

When the constant multiplier has been evaluated, Equation (3) is applied to calculate the diameter of the orifice
to ddNiver the required flow rate of a gas of molar mass, [V, af upstream pressure p;.

5.2 |Calculation of volume fraction

The polume fraction, ,, in the calibration gas mixture, is calculated from the equation:

$a = qal (ga + gs) (4)

in which ga and gg are the volume flow rates of the calibration component and the complementary gas,
respectively.

Wheh the flow rates are determined with reference to 1SO 6145-1; due consideration shall be |given to the
uncgrtainty associated with the method selected.

5.3 [Sources of uncertainty

5.3.1 General

The polume flow rate of a gas through an@fifice depends on the pressure upstream from the orjfice and the
temperature at the orifice. It is essential; therefore, to use good-quality pressure-reducing valves gnd pressure
regulators in order to maintain the upstream pressure at a constant value. The coefficient of expansion of the
calibration component and that of the complementary gas will differ slightly, depending upon the respective
degrges of departure from ideality) ' However, to a very good approximation, small changes in tenperature will
cause negligible change in the flow rate ratio, provided that the temperature is the same at each ofifice.

5.3.4 Downstream pressure

The thermodynamic treatment, which leads to the independence of the volumetric flow rate with r¢spect to the
downstream pressure, is not completely realized in actual practice, i.e. in the case of real orifices. At
supgrcriticakflow, therefore, the downstream pressure (p,) still has some influence that can result in changes in
volumetric'\flow rate if fluctuations in p, occur. The characteristic curve relating flow rate to pressurg depends on
the geometry of the orifice and the flow direction through the orifice. For measurements of the highgst accuracy,

h' Lball o tolblaol ool o Lla i
t IS Curve—Snampeestanitsnet Uy tdiforaturT.

5.3.3 Temperature differentials

The orifice system would normally be arranged so that the temperature at each orifice is identical. However, if
there is a temperature difference between the two components to produce a binary mixture, the volume flow
rate of one shall be corrected by application of the coefficient of thermal expansion of the gas. For an ideal gas
the coefficient is 0,003 661 per kelvin, and this value can be applied for real gases to a very good approximation
for small differences in temperature between the gaseous components.

The following example demonstrates the magnitude of the errors which may be involved. The coefficient of

thermal expansion of carbon dioxide is 0,003 72 per kelvin; that of hydrogen is 0,003 66 per kelvin. The method
is employed to prepare a mixture of hydrogen and carbon dioxide at 293 K in which the volume fractions are to

© 1SO 2003 — All rights reserved 5
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be 0,5. However, there is a temperature differential such that the hydrogen is at 292 K and the carbon dioxide is
at 294 K. The volume fraction of hydrogen in the mixture at 293 K is 1,003 66 x 0,5 = 0,502 and that of carbon
dioxide is (1 — 0,003 72) X 0,5 = 0,498. The error in the volume fraction for a 2 K temperature differential is
therefore 0,4 % relative. This demonstrates that it is necessary to maintain the component gases at the same
temperature as each other or to apply corrections to the volume flow rates if there is a temperature differential.

5.3.4 Ineffi

cient mixing

Another possible source of error is inefficient mixing of the calibration component and the complementary gas.
A check of the efficiency of mixing is provided by verification of the volume (or mass) fraction by means of the

comparison

5.4 Uncer

The uncert3
temperature

component and the complementary gas.

The volume

The relative

ethod (see ISO 6143)

tainty of volume fraction

inty of the volume fraction of the calibration component in the calibration mixiure, at con
and pressure, can be estimated from the separate uncertainties in the flow rates<of the calibn

fraction of component A is given by Equation (4).

expanded uncertainty in 4 is then given by:

1
2 2] 2
Uen | [ 2gs ] (u(qA)> N (U(QB)> i
©a da + g8 qa ds
The derivatipn of this formula is presented in Annex C of ISO 6145-7:2001[. The r.m.s. sum of the re

standard un
approximate

The standa
ISO 6145-1

This estimat
of flow rates
a mixing sys
as describeg
also identifie

Certainty contributions is multiplied by the coverage factor £ = 2 to give a coverage probabil
y 95 %.

d uncertainties u(ga) and u(gg) in-the respective flow rates are obtained by referend
or the selected method of flow calibration.

The other factor to be taken jnto account is the efficiency of mixing. To check the effectivene
tem to provide a homogeneous calibration gas mixture, mixtures shall be prepared by the med

and the compositions shall be checked by the comparison method of ISO 6143. This proce
s bias from other seurces and establishes traceability against standard mixtures.

Stant
ation

®)

ative
ty of

e to

e of the relative uncertainty in.the composition rests entirely on the uncertainties in measurenpents

ss of
thod
dure
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Annex A
(informative)

Premixed gases for preparation of mixtures of high dilution

A.1 Calculation of results

If pré¢mixed gases are used instead of pure gases, mixtures of higher dilution can be preparednd
results is then as follows.

The polume fraction of component A in the final calibration gas mixture is given by:

Onhdm + PR g8

gm + g8
_ Padv + PR
= Py
whelle

972\ is the volume fraction of A in the premixed gas;
o is the volume fraction of A in the complementary gas B (this will normally be zero);
qwm is the volume flow rate of the premixed gas;
qs is the volume flow rate of the.complementary gas B;
de is the volume flow rate)of the calibration gas mixture.

NOTE g, = gu + gs only,if there is no volume change on mixing.

A.2| Uncertainty’of volume fraction

It is [necessary to take into account the uncertainties of the volume flow rates and the uncerts

Normally the complementary gas will not contain the calibration component.

volurrFe fractions of the component in the premixed gas and also in the complementary gas

For the case in which the complementary gas does not contain the calibration component A:

on = Oalm
gu + g8

and the relative expanded uncertainty in the volume fraction (a) is given by:

1
(u<qm>>2+ <u<qB>>2+ <qM+qB>2<u<gg>>T
am ds ds P

© 1SO 2003 - All rights reserved
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The derivation of this formula is presented in Annex C of ISO 6145-7:2001[. The r.m.s. sum of the standard
uncertainty contributions is multiplied by the coverage factor k = 2 to give a coverage probability of
approximately 95 %.

The uncertainties in all of the flow rates are obtained with reference to 1ISO 6145-1 for the selected method of
flow calibration.
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https://standardsiso.com/api/?name=8729658afa2ff39ffadd49a256504653

	TitlePage - Gas analysis�— Preparation of calibration gas mixtures using dynamic volumetric metho...
	TableofContent - Contents Page
	Foreword - Foreword
	Introduction - Introduction
	Scope - 1��� Scope
	NormativeReference - 2��� Normative references
	Clause1 - 3��� Principle
	Clause1 - 4��� Application to preparation of gas mixtures
	Subclause2 - 4.1��� Description of the orifice system and the experimental procedure
	Subclause2 - 4.2��� Area of validity
	Subclause2 - 4.3��� Operating conditions

	Clause1 - 5��� Calculation of operating parameters and results
	Subclause2 - 5.1��� Selection of suitable orifice systems
	Subclause2 - 5.2��� Calculation of volume fraction
	Subclause2 - 5.3��� Sources of uncertainty
	Subclause3 - 5.3.1��� General
	Subclause3 - 5.3.2��� Downstream pressure
	Subclause3 - 5.3.3��� Temperature differentials
	Subclause3 - 5.3.4��� Inefficient mixing

	Subclause2 - 5.4��� Uncertainty of volume fraction


	AnnexInformative - Premixed gases for preparation of mixtures of high dilution
	Clause1 - A.1��� Calculation of results
	Clause1 - A.2��� Uncertainty of volume fraction

	AnnexInformative - Practical hints
	Clause1 - B.1��� General
	Clause1 - B.2��� Construction of the calibration rig
	Clause1 - B.3��� Some relevant physical properties
	Subclause2 - B.3.1��� Values of
	Subclause2 - B.3.2��� Coefficients of volume expansion of some gases


	Bibliography - Bibliography

