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FOREWORD 

IS0 (the International Organization for Standardization) is a worldwide federation 
of national standards institutes (IS0 member bodies). The work of developing 
International Standards is carried out through IS0 technical committees. Every 
member body interested in a subject for which a technical committee has been set 
up 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. 

Draft International Standards adopted by the technical committees are circulated 
to the member bodies for approval before their acceptance as International 
Standards by the IS0 Council. 

International Standard IS0 4053/l was developed by Technical Committee 
lSO/TC 30, Measurement of fluid flow in closed conduits, and was circulated to the 
member bodies in September 1976. 

It has been approved by the member bodies of the following countries : 

Austra I ia italy 
Belgium Korea, Rep. of 
France Mexico 
Germany Netherlands 
India Romania 

Turkey 
United Kingdom 
U.S.A. 
Yugoslavia 

The member body of the following country expressed disapproval of the document 
on technical grounds : 

Japan 

0 International Organization for Standardization, 1977 l 

Printed in Switzerland 
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INTERNATIONAL STANDARD IS0 4053/l-1977 (E) 

Measurement of gas flow in conduits - Tracer methods - 
Part I : General 

0 INTRODUCTION 

This International Standard is the first of a series of stan- 
dards covering tracer methods of gas flow measurement in 
conduits. 

The complete series of standards will be as follows : 

- Part I : General. 

- Part II : Constant rate injection method using non- 
radioactive tracers. 

- Part Ill : Constant rate injection method using radio- 
active tracers. 

- Part IV : Transit time method using radioactive 
tracers. 

1 SCOPE AND FIELD OF APPLICATION 

This International Standard deals with the measurement of 
gas flow in conduits by using tracer methods. 

In a steady flow of compressible fluid, the only conserva- 
tive parameter is the mass rate of flow Q,,,. Therefore the 
whole of this International Standard will refer to mass rate 
of flow g,. 

However, for those fluids for which the composition (and 
therefore, the mass density) may not be known accurately, 
the volume rate of flow 4” could be measured, it being 
understood that this volume rate of flow is only valid for 
the conditions of temperature and pressure at which it has 
been measured. 

This International Standard applies to flow measurement 
in conduits into which a tracer can be injected in such a 
way that effective mixing in single phase with the gas 
flowing in the pipe can be achieved. 

The fluid in the conduit can be a mixture of several gases 
provided the thermodynamic state and conditions of flow 
of this mixture are well defined. 

Two fundamental test procedures are used : 

- The first, known as the constant rate injection 
method, is based on the dilution principle : a tracer 
solution is injected into the conduit and the dilution 
(ratio) of this tracer in the gas flowing in the conduit is 
determined, this dilution being proportional to the rate 
of flow. 

- The second is a method of measurement of the 
transit time (formerly called Allen velocity method) : 
the tracer is injected into the conduit and the time taken 
by the tracer to travel a specified length between two 
cross.sections in each of which it is detected, is measured. 

The advantages and disadvantages of these two methods are 
considered in clause 4. The distance between injection and 
measuring sections shall be sufficient to achieve mixing of 
the tracer with the gas flowing in the conduit according to 
the methods; the adequate mixing distance is considered in 
clause 6. 

A large number of different tracers may be used, such as 
radioactive or non-radioactive, mineral or organic materials. 
The choice of tracer depends on the circumstances of the 
measurement (seeclause 5). The uncertainty of the measure- 
ments may be less than 1 % under good conditions (see 
clause 71. 

2 VOCABULARY AND SYMBOLS 

The vocabulary and symbols used in this International 
Standard are defined in IS0 4006, Measurement of 
fluid flow-rate in closed conduits - Vocabulary and 
symbols. 

3 UNITS 

The basic units in this International Standard are SI units. 

4 CHOICE OF METHOD 

4.1 Comparison between dilution method and method 
based on transit time measurement. 

4.1.1 Advantages of the dilution method 

It is not necessary to know the geometrical characteristics 
of the conduit. 

It is ?ot necessary that the conditions of the gas flow rate 
do, 7-l be constant along the measuring length. 
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The following substances are given as examples : 4.1.2 Advantages of method based on transit time 
measurement 

It is necessary only to determine the concentration-time 
distribution at two measuring cross-sections separated by a 
known volume of pipe. 

It is not necessary to know volumes, masses or rates of flow 
of the injected tracer. 

4.1.3 Special recommendation for the method based on 
transit time measurement 

For this method, it is preferable to have a conduit length of 
constant cross-section between the two measuring points so 
that the flow parameters be approximately constant in the 
measuring length. 

5 CHOICE OF TRACER 

5,l General 

A large number of different tracers may be used, such as 
mineral or organic, radioactive or non-radioactive, but it is 
necessary for any tracer to comply with the following 
requirements : 

a) it should mix easily with the gas in the conduit; 

b) it should cause only negligible or known modifi- 
cations of the rate of flow; 

c) it should be measurable with sufficient accuracy at 
a concentration lower than the highest permissible 
concentration while taking account of toxicity, cor- 
rosion, etc.; 

d) it should be chemically stable in the conditions of 
use; 

e) it should only be present in the gas originally flowing 
in the conduit at a negligible or constant concentration; 

f) it should be cheap. 

In addition, for dilution method, it is important that the 
tracer : 

g) should not react with the gas flowing in the conduit 
or with any other substance with which it may come 
into contact (in particular, the conduit walls) in such a 
way as to affect the measurement. 

Furthermore, for transit time methods, it is recommended 
that : 

h) the tracer concentration in the measuring cross- 
section can be determined, if necessary, at any moment; 

i) to obtain the greatest precision, the detector signal 
be proportional to the tracer concentration (of which it 
is not necessary to know the exact value) and that its 
response time be negligible. 

5.1.1 

- 

- 

- 

5.1.2 

Non-radioactive tracers 

Helium He 

Sulphur hexafluoride SFe 

Methane CHQ 

Nitrous oxide N20 

Radioactive tracers 

Tracer 

Argon 41 
Arsenic 76 
Bromine 82 
Krypton 85 
Sulphur 35 
Xenon 133 

C2H5a2Br or CHaa2Br 

Half-life 

1 IO min 
26,5 h 

36 h 
10,6 years 

87 days 
5,27 days 

5.2 Comparison between the different tracers 

5.2.1 Advantages of radioactive tracers 

With tracers emitting 7 radiation with sufficient energy, it 
is possible to carry out the measurement by means of 
probes located outside the conduit. 

With short half-life tracers, the basic substance of which is 
chemically inoffensive, any radioactive contamination 
danger disappears quickly and there is no permanent 
pollution. 

5.2.2 Advantages of non-radioactive tracers 

It is not necessary for the operators to be specially trained 
and classified. 

Administrative authorizations are not necessary for each 
measurement and radioprotective means are not required. 

The substances generally remain stable with time; delays 
between the supply and the use of the substance do not 
matter. 

6 CHOICE OF MEASURING LENGTH AND AD- 
EQUATE MIXING DISTANCE 

6.1 Introduction 

When a tracer is used to measure the flow of gas in a 
conduit, there should be sufficient distance between the 
region in which the tracer is injected and the region in 
which concentration or transit time measurements are 
made. 

The distance which is required in order to allow the tracer 
to mix with the gas in the conduit is known as the mixing 
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