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Introduction
This draft standard is based on national and international discussions. Your comments on this draft are invited and will assist in
the preparation of the consequent standard.

For international standards, comments will be reviewed by the relevant UK national committee before sending the consensus
UK vote and comments to the international committee, which will then decide appropriate action. If the international standard is
approved, it is usual for the text to be published as a British Standard.

For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published
as a British Standard.

UK Vote
Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Please indicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
- Annotated drafts are not acceptable and will be rejected.

- All comments should be submitted online at https://standardsdevelopment.bsigroup.com/. You will need to register in
order to comment.

Template for comments and secretariat observations Date: xx/xx/20xx Document: ISO/DIS xxxx

1 2 (3) 4 5 (6) 7

MB Clause No./ Subclause
No./Annex (e.g. 3.1)

Paragraph/
Figure/Table/Note

Type of
comment

Commend (justification
for change) by the MB

Proposed change by the MB Secretariat observations on
each comment submitted

3.1 Definition 1 ed Definition is ambiguous and needs
clarifying.

Amend to read '...so that the mains
connector to which no connection...'

6.4 Paragraph 2 te The use of the UV photometer as
an alternative cannot be supported
as serious problems have been
encountered in its use in the UK.

Delete reference to UV photometer.

Full document details: 25/30506172 DC

http://www.avadocuments.com/doc/25-30506172-dc
http://www.avadocuments.com/doc/25-30506172-dc


Method of test for burning velocity 
measurement of A2L flammable 
gases
Méthode d'essai pour mesurer la vitesse d'inflammabilité des gaz 
inflammables A2L

ICS: 71.100.45

DRAFT 
International 
Standard

ISO/DIS  24499
ISO/TC 86/SC 8

Secretariat: ANSI

Voting begins on:  
2025-04-11

Voting terminates on:  
2025-07-04

THIS DOCUMENT IS A DRAFT CIRCULATED 
FOR COMMENTS AND APPROVAL. IT 
IS THEREFORE SUBJECT TO CHANGE 
AND MAY NOT BE REFERRED TO AS AN 
INTERNATIONAL STANDARD UNTIL 
PUBLISHED AS SUCH.

IN ADDITION TO THEIR EVALUATION AS 
BEING ACCEPTABLE FOR INDUSTRIAL, 
TECHNOLOGICAL, COMMERCIAL AND 
USER PURPOSES, DRAFT INTERNATIONAL 
STANDARDS MAY ON OCCASION HAVE TO 
BE CONSIDERED IN THE LIGHT OF THEIR 
POTENTIAL TO BECOME STANDARDS TO 
WHICH REFERENCE MAY BE MADE IN 
NATIONAL REGULATIONS.

RECIPIENTS OF THIS DRAFT ARE INVITED 
TO SUBMIT, WITH THEIR COMMENTS, 
NOTIFICATION OF ANY RELEVANT PATENT 
RIGHTS OF WHICH THEY ARE AWARE AND TO 
PROVIDE SUPPORTING DOCUMENTATION.

Reference number 
ISO/DIS 24499:2025(en)

© ISO 2025

This document is circulated as received from the committee secretariat.

Full document details: 25/30506172 DC

http://www.avadocuments.com/doc/25-30506172-dc
http://www.avadocuments.com/doc/25-30506172-dc


ii

ISO/DIS 24499:2025(en)

﻿
© ISO 2025 – All rights reserved

COPYRIGHT PROTECTED DOCUMENT

©  ISO 2025
All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may 
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting on 
the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address below 
or ISO’s member body in the country of the requester.

ISO copyright office
CP 401 • Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

Method of test for burning velocity 
measurement of A2L flammable gases
Méthode d'essai pour mesurer la vitesse d'inflammabilité des gaz 
inflammables A2L

ICS: 71.100.45

DRAFT 
International 
Standard

ISO/DIS  24499
ISO/TC 86/SC 8

Secretariat: ANSI

Voting begins on:  

Voting terminates on:  

THIS DOCUMENT IS A DRAFT CIRCULATED 
FOR COMMENTS AND APPROVAL. IT 
IS THEREFORE SUBJECT TO CHANGE 
AND MAY NOT BE REFERRED TO AS AN 
INTERNATIONAL STANDARD UNTIL 
PUBLISHED AS SUCH.

IN ADDITION TO THEIR EVALUATION AS 
BEING ACCEPTABLE FOR INDUSTRIAL, 
TECHNOLOGICAL, COMMERCIAL AND 
USER PURPOSES, DRAFT INTERNATIONAL 
STANDARDS MAY ON OCCASION HAVE TO 
BE CONSIDERED IN THE LIGHT OF THEIR 
POTENTIAL TO BECOME STANDARDS TO 
WHICH REFERENCE MAY BE MADE IN 
NATIONAL REGULATIONS.

RECIPIENTS OF THIS DRAFT ARE INVITED 
TO SUBMIT, WITH THEIR COMMENTS, 
NOTIFICATION OF ANY RELEVANT PATENT 
RIGHTS OF WHICH THEY ARE AWARE AND TO 
PROVIDE SUPPORTING DOCUMENTATION.

Reference number 
ISO/DIS 24499:2025(en)

© ISO 2025

This document is circulated as received from the committee secretariat.

Full document details: 25/30506172 DC

https://www.iso.org
http://www.avadocuments.com/doc/25-30506172-dc
http://www.avadocuments.com/doc/25-30506172-dc


ISO/DIS 24499:2025(en)

Foreword.......................................................................................................................................................................................................................................................v
Introduction............................................................................................................................................................................................................................................vi
1	 Scope.............................................................................................................................................................................................................................................. 1
2	 Normative references.................................................................................................................................................................................................. 1
3	 Terms and definitions................................................................................................................................................................................................. 1
4	 General/principle of the test................................................................................................................................................................................ 2

4.1	 General.........................................................................................................................................................................................................................2
4.2	 Principle of the test method.....................................................................................................................................................................2

5	 Measurement parameters...................................................................................................................................................................................... 4
5.1	 General.........................................................................................................................................................................................................................4
5.2	 Flame propagation velocity......................................................................................................................................................................5
5.3	 Flame surface area............................................................................................................................................................................................5
5.4	 Cross-sectional area of the flame base...........................................................................................................................................5

6	 Test method............................................................................................................................................................................................................................ 5
6.1	 General.........................................................................................................................................................................................................................5
6.2	 Gas handling and mixtures preparation.......................................................................................................................................7
6.3	 The test tube...........................................................................................................................................................................................................8

6.3.1	 General......................................................................................................................................................................................................8
6.3.2	 Dimensions............................................................................................................................................................................................8
6.3.3	 Position.....................................................................................................................................................................................................9
6.3.4	 Tube ends................................................................................................................................................................................................9
6.3.5	 Interchangeable damping orifices....................................................................................................................................9
6.3.6	 Flame quenching...........................................................................................................................................................................10
6.3.7	 Tube glass type...............................................................................................................................................................................10
6.3.8	 Tube purging with test mixture......................................................................................................................................10
6.3.9	 Tube etching......................................................................................................................................................................................10

6.4	 Ignition.....................................................................................................................................................................................................................11
6.4.1	 General...................................................................................................................................................................................................11
6.4.2	 Ignition type..................................................................................................................................................................................... 12
6.4.3	 Positioning......................................................................................................................................................................................... 12
6.4.4	 Electrodes........................................................................................................................................................................................... 12
6.4.5	 Power supply.................................................................................................................................................................................... 12
6.4.6	 Ignition time..................................................................................................................................................................................... 12

6.5	 Flame front visualization........................................................................................................................................................................ 12
6.5.1	 General.................................................................................................................................................................................................. 12
6.5.2	 Luminous zone and direct photography................................................................................................................. 12
6.5.3	 Flame emission spectra......................................................................................................................................................... 13
6.5.4	 Acquisition camera..................................................................................................................................................................... 13
6.5.5	 Exposure Time............................................................................................................................................................................... 13
6.5.6	 Positioning..........................................................................................................................................................................................14
6.5.7	 Scaling and optical distortion...........................................................................................................................................14
6.5.8	 Resolution of the flame images....................................................................................................................................... 15

6.6	 Purge, exhaust and gas treatment systems.............................................................................................................................16
6.7	 Test temperature setting..........................................................................................................................................................................18
6.8	 Experimental protocol for mixtures prepared using partial pressure technique...............................18

7	 Evaluation and expression of results.......................................................................................................................................................18
7.1	 General......................................................................................................................................................................................................................18
7.2	 Uncertainty...........................................................................................................................................................................................................19

7.2.1	 Uncertainty in the burning velocity.............................................................................................................................19
7.2.2	 Uncertainty estimation of concentrations.............................................................................................................19

8	 Safety precautions....................................................................................................................................................................................................... 19

iii

﻿
© ISO 2025 – All rights reserved

Contents� Page

Full document details: 25/30506172 DC

http://www.avadocuments.com/doc/25-30506172-dc
http://www.avadocuments.com/doc/25-30506172-dc


ISO/DIS 24499:2025(en)

9	 Overview on flame shape, propagation regimes and stability.....................................................................................20
9.1	 Flame shape........................................................................................................................................................................................................ 20
9.2	 Flame propagation regimes...................................................................................................................................................................21
9.3	 Flame stability in tubes............................................................................................................................................................................ 22
9.4	 Observations of flames in tubes........................................................................................................................................................ 23
9.5	 Flame quenching in circular tubes................................................................................................................................................. 23
9.6	 Flame propagation velocity and tube diameter...................................................................................................................24
9.7	 Flame area calculation...............................................................................................................................................................................24

Bibliography..........................................................................................................................................................................................................................................28

iv

﻿
© ISO 2025 – All rights reserved

Full document details: 25/30506172 DC

http://www.avadocuments.com/doc/25-30506172-dc
http://www.avadocuments.com/doc/25-30506172-dc


ISO/DIS 24499:2025(en)

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. 

The procedures used to develop this document and those intended for its further maintenance are described 
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types 
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the 
ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ISO draws attention to the possibility that the implementation of this document may involve the use of (a) 
patent(s). ISO takes no position concerning the evidence, validity or applicability of any claimed patent 
rights in respect thereof. As of the date of publication of this document, ISO had not received notice of (a) 
patent(s) which may be required to implement this document. However, implementers are cautioned that 
this may not represent the latest information, which may be obtained from the patent database available at 
www.iso.org/patents. ISO shall not be held responsible for identifying any or all such patent rights.

Any trade name used in this document is information given for the convenience of users and does not 
constitute an endorsement. 

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and expressions 
related to conformity assessment, as well as information about ISO's adherence to the World Trade 
Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 86, Refrigeration and air-conditioning, 
Subcommittee SC 8, Refrigerants and refrigeration lubricants.

Any feedback or questions on this document should be directed to the user’s national standards body. A 
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Safety classification and relative flammability properties of refrigerants are a critical part of ISO 817. The 
flammability limits of refrigerant gas in air, as described in Annex B.1 of ISO 8171) give a partial measure of 
the relative flammability. Another dimension of flammability is how fast a substance burns, releases energy 
and spreads a flame. One can measure the rate at which a flame front moves through a cloud of refrigerant 
gas in air, or its burning velocity (BV). This document describes one method that can be useful for BV 
measurement, and thereby better quantify and compare relative flame fronts for some refrigerant classes. 
In this test, a flame is allowed to propagate upward (vertically) through a well-mixed, quiescent column of 
a refrigerant-air mixture enclosed in an open-ended glass tube. Optical systems are used to measure the 
upward velocity of the flame front.

The measurement of BV has been widely used in the past to compare highly energetic fluids, such as motor 
fuels and rocket propellants. The BV measurement of slow burning fluids, such as ammonia and fluorinated 
refrigerants can be more difficult to measure due to the inherent instability of a slow flame. The low rate 
of energy evolution from a slow flame makes it susceptible to quenching from a variety of sources. For slow 
burning refrigerants, turbulence and convection currents, can break the flame front, and hence quench the 
flame. In addition, the test chamber surface can quench free radical flame intermediates as well as extract 
some of the heat necessary for flame propagation. Gas-phase thermal radiation is also important for flames 
with low burning velocity. These effects are important to note as they tend to diminish and sometimes 
quench a weak flame.

The use of the vertical tube method for BV characterization of slow burning refrigerants was the subject 
of doctoral research which was used in Annex  C of ISO 817:— and is the basis for this document[1]. In 
addition, ASHRAE research notes the use and limitations of the vertical tube technique[2][3]. While the basic 
framework of the method is relatively simple, some sophisticated imaging instrumentation and mathematics 
are necessary to extract an average local burning velocity separate from the bulk burning speed as the 
flame progresses up the tube. Since 2004 other laboratories have used the basic principle of vertical tube 
method and have shown acceptable results for reproducing the measurement of R-32, at 6,7 +/- 0,7 cm/s. 
Slower burning velocities (i.e. <4 cm/s) become more difficult to measure reproducibility, so variability can 
increase as flame instability is increasing. The lower burning velocity limit of this method, as described, is 
between 3 cm/s and 4 cm/s, depending on the actual design and geometry of the apparatus being used. The 
uncertainty of the measurement of flames that burn more slowly than R-32 has not yet been determined in 
any multi lab comparative testing. The appealing aspects of this test are the relative simplicity and low cost 
of its implementation.

1)	  Under preparation. Stage at the time of publication: ISO/DIS 817:2023.
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DRAFT International Standard ISO/DIS 24499:2025(en)

Method of test for burning velocity measurement of A2L 
flammable gases

1	 Scope

This document specifies a method of measuring the burning velocity (BV) of slowing burning refrigerants 
(<  10  cm/s) for use with other standards that utilize the BV for determining safety classification of 
refrigerants (e.g. ISO 817) or that use the BV in establishing requirements on the use of slow burning 
refrigerants (e.g. ISO 5149).

2	 Normative references

There are no normative references in this document.

3	 Terms and definitions

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

ISO and IEC maintain terminology databases for use in standardization at the following addresses:

—	 ISO Online browsing platform: available at https://​www​.iso​.org/​obp

—	 IEC Electropedia: available at https://​www​.electropedia​.org/​

3.1
blends
mixtures composed of two or more refrigerants

3.2
burning velocity
Su
maximum velocity at which a laminar flame (3.5) propagates in a normal direction relative to the unburned 
gas ahead of it

Note 1 to entry: This value is expressed in centimetres per second.

3.3
combustion
exothermic reaction between an oxidant (e.g. air) and a combustible fuel

3.4
compound
substance composed of two or more atoms chemically bonded in definite proportions

3.5
flame
space where combustion takes place, resulting in a temperature increase and light emission

3.6
flame propagation
combustion, causing a continuous flame (3.5) which moves upward and outward from the point of ignition 
without the influence of the ignition source

1
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3.7
flame propagation velocity
Ss
velocity at which the continuous flame (3.5) moves upward and outward from the point of ignition without 
the point of ignition and without the influence of the ignition source

3.8
flame surface area
Af
surface area of the flame (3.5) generated during the combustion of the flammable (3.9) gas

3.9
flammable
property of a mixture in which a flame (3.5) is capable of self-propagating

3.10
quenching
effect of extinction of the flame near a surface due to heat conduction losses, absorption of active chemical 
species and viscous effects of the surface

3.11
refrigerant
fluid used for heat transfer in a refrigerating system, which absorbs heat at a low temperature and a low 
pressure of the fluid and rejects it at a higher temperature and a higher pressure of the fluid usually involving 
changes of the phase of the fluid

3.12
stoichiometric concentration
Cst
concentration of a fuel in a fuel-air mixture that contains exactly the necessary quantity of air (approximately 
21 % O2 / 79 % N2 by volume) needed for the complete oxidation of all the compounds (3.1.4) present

4	 General/principle of the test

4.1	 General

The test method is based on:

a)	 the initiation of the combustion of the gas, or blends of gases, in a stagnant homogeneous mixture with 
air contained in a vertical cylindrical tube;

b)	 the observation and the recording of the flame propagation;

c)	 determining the surface area of the flame.

The burning velocity is a function of the flammable gas concentration in the total mixture with air. The 
burning velocity reaches a maximum in the vicinity of the stoichiometric concentration.

This test method involves the use of hazardous substances and therefore requires, for a safe handling and 
testing, the knowledge of safety parameters and prevention measures. These measures shall be the user’s 
responsibility. However, general safety precautions are given in Clause 8.

4.2	 Principle of the test method

The test method consists of initiating the combustion of a homogeneous mixture of a flammable gas (or 
a flammable mixture of gases) and air, contained in a vertical tube opened at the lower ignition end, and 
propagating a flame upwardly to the upper closed end; see Figure 1. In the early stages of this propagation, 
there is a phase of uniform movement during which the shape and the size of the flame are constant.

2
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Taking into account the mass and species balance through the flame front, the burning velocity, Su, is 
calculated from the knowledge of the flame propagation velocity, Ss, in the tube and the ratio of the flame 
surface area to its base cross-sectional area. The volume of burned gas per second and per unit area, or the 
burning velocity, Su, is obtained by dividing the mixture volume which is consumed per second, at the test 
temperature and pressure, by the flame surface area, Af (the subscript “f” denotes the flame). The volume 
consumption of the mix per second is the volume swept by a cross-sectional area of the flame base, af, with 
a velocity equal to the flame propagation velocity Ss. Formula (1) is used to determine volume consumption 
per unit time.

	 (1)

where

af is the cross-sectional area of the flame base;

Af is the flame surface area;

Ss is the flame propagation velocity;

Su is the burning velocity.

NOTE	 The cross-sectional area of the flame base is equal to the tube cross-section reduced by the quenching area 
(the area between the edge of the flame and the tube wall).

At a given temperature and pressure, the burning velocity is only a function of the type of flammable 
substance and its concentration with the oxidant and is dependent to a limited extent on the experimental 
apparatus.

3

﻿
© ISO 2025 – All rights reserved

Full document details: 25/30506172 DC

http://www.avadocuments.com/doc/25-30506172-dc
http://www.avadocuments.com/doc/25-30506172-dc

