TECHNICAL ISO/TS
SPECIFICATION 14934-4

First edition
2007-02-15

Fire tests — Calibration of heat flux
meters —

Part 4:
Guidance on the use of heat flux meters
in fire tests

Essais au feu — Etalonnage et utilisation des appareils de mesure du
flux thermique —

Partie 4: Lignes directrices pour I'utilisation des fluxmétres thermiques
dans les essais au feu

Reference number

_—/@\— ISO/TS 14934-4:2007(E)
IS0 Documents

- _W_ Document Sharing Hub
©1S0 2007

Copyright International Organization for Standardization
Provided by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale

Full document details: ISO TS 14934-4-2007


http://avadocuments2026.com/doc/iso-ts-14934-4-2007
http://avadocuments2026.com/doc/iso-ts-14934-4-2007

ISO/TS 14934-4:2007(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

© 1S0 2007

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office
Case postale 56 « CH-1211 Geneva 20
Tel. +412274901 11
Fax + 4122749 09 47
E-mail copyright@iso.org
Web www.iso.org
Published in Switzerland

. Document Sharing Hub
Copyright International Organization for Standardization © ISO 2007 — All rlghtS reserved
Provided by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale

Full document details: ISO TS 14934-4-2007


http://avadocuments2026.com/doc/iso-ts-14934-4-2007
http://avadocuments2026.com/doc/iso-ts-14934-4-2007

ISO/TS 14934-4:2007(E)

Contents Page
o] =NV o iv
e Yo 11 T o) P \'
1 T o - PSSP 1
2 Lo B LYo = =Y =Y 4 Lo 1
3 Terms and definitioNsS..........oo i 1
4 General information on heat flux Meters...........ccooiiiceciriee e 1
41 L= o = 1
4.2 Principle of MeasuremMeNnt...... ... ssn e e s e s s anmn e e e e e s nan e e e een e nnnn 2
4.3 Design of heat fluX Meter.........oo i ————————— 3
44 Measurement CharacteriStiCs ... e s 5
4.5 Physical shape of heat flux meter..........ccii e ——— 7
5 Attachments to heat fluX MeLers ..... ... 8
5.1 XL« 11 o T 8
5.2 L AT e LoV 9
5.3 LYo 113 T 3 V-3 (=1 1 o OSSPSR 10
6 Selection of a suitable heat flux meter............oo e 12
6.1 =Y o = | Y 12
6.2 2T 1a Yo T=3 o il 4 L= T U= g 0= | PN 12
6.3 Type, dimensions and orientation ..............cceeiiiiiii i ————————— 13
6.4 VI@W QNI ... s s s s s s sssssssssssssssssssssnsssssssssnnssnsssnnnnmnnnnnnnnnnnnnnnnnn 13
6.5 == o To Y g =1 13 - 13
6.6 Sensitivity to convective heat transfer ... —————— 13
7 Performing a measurement ............ooo i 14
71 =3 = 1 F= 1o 14
7.2 Target SUMACE ......coiiieiiii s 15
7.3 ] =Y o3 1 e = 15
74 Relationship between output voltage and total heat flux...........cccccmmrririiccccici e, 15
8 L0 111 - 1o o Y 16
8.1 Secondary standard heat flUX Meter.......cooo i e 16
8.2 Working standard heat fluX Meters............ccciiiiiiicccccecrrrr s mne e e enan 16
8.3 Frequency of calibration ... e ss e s e e e e e s e n e e e e e s nnn 16
9 T =T 0 = T N 17
9.1 N T o T o1 17
9.2 L0 T T 17
9.3 L4 T L=T =TT o o ] 17
10 Use of heat flux meters in fire tests ... 17
10.1 =Y 01T - 17
10.2  Ignitability test (SEE ISO 5657 ) ....ciiiririrririiiriinrr i 17
10.3  Spread of flame test (see ISO 5658, all PAtS) ..cccceerrmmerrerrrsssssssserrerrisssssssneeresrssssssssmssessessssssssmsssnees 17
10.4 Heat release, smoke production and mass loss (see ISO 5658, all parts, and ISO 17554)........... 18
10.5 Full-scale room test for surface products (see SO 9705) ....cccccrririiicssmmrrrresnssssssmrere s es s sssseeesens 18
10.6 Fagade tests (SEE ISO 13785-2) .ueuiiiiiiiiiciiicrieririsssscssmrree e s s ss s s s ssse s e e s s s s s s s snms s e e e se s s s snnmn e e e e eessnsssnnnnnnes 18
10.7  Spread of flame test for floor coverings (see ISO 9239, all parts) .....ccccceeerrrrrrsccssmererrrrssssssneeeeeees 18
10.8 Intermediate-scale heat-release calorimeter (ICAL) (see ISO/TR 14696) ......ccceecmrrerrrsrccssnneeeennnns 18
=31 o1 Lo T | =T o )Y/ 19

Documents

Document Sharing Hub
A1aA AR Al
Copyright International Organization for Standardization ghtS reserved 1
Provided by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale

Full document details: ISO TS 14934-4-2007


http://avadocuments2026.com/doc/iso-ts-14934-4-2007
http://avadocuments2026.com/doc/iso-ts-14934-4-2007

ISO/TS 14934-4:2007(E)

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 Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an
International Standard requires approval by at least 75 % of the member bodies casting a vote.

In other circumstances, particularly when there is an urgent market requirement for such documents, a
technical committee may decide to publish other types of normative document:

An ISO/PAS or ISO/TS is reviewed after three years in order to decide whether it will be confirmed for a
further three years, revised to become an International Standard, or withdrawn. If the ISO/PAS or ISO/TS is
confirmed, it is reviewed again after a further three years, at which time it must either be transformed into an
International Standard or be withdrawn.

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

ISO/TS 14934-4 was prepared by Technical Committee 1ISO/TC 92, Fire safety, Subcommittee SC 1, Fire
initiation and growth.

ISO/TS 14934 consists of the following parts, under the general title Fire tests — Calibration of heat flux
meters:

— Part 1: General principles (Technical Specification)
— Part 2: Primary calibration methods
— Part 3: Secondary calibration method

— Part 4: Guidance on the use of heat flux meters in fire tests (Technical Specification)
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Introduction

In practice, radiant heat flux is usually measured with so-called total heat flux meters of the Schmidt-Boelter
(thermopile) or Gardon (foil) type. Such meters register the combined heat flux by radiation and convection to
‘a cooled surface. The contribution to the heat transfer by convection depends mainly on the temperature
difference between the surrounding gases and the sensing surface, and on the velocity of the surrounding
gases. It will, however, also depend on the size and shape of the heat flux meter, its orientation and on its
temperature level, which is near the cooling-water temperature. In many practical situations in fire testing, the
contribution due to convection to the sensing surface of the instrument can amount to 25 % of the radiant heat
flux. Therefore, it is always necessary to determine and control this part.

To determine the fraction of total heat flux due to radiation, a calibration scheme has been developed where
primary calibration is performed on two different types of heat flux meters:

— a total hemispherical radiometer sensitive to radiation only;

— a total heat flux meter (most frequently used) sensitive to both radiant heat transfer and to convective
heat transfer.

When using heat flux meters, it is important to realize that only incident radiant heat flux can be measured
directly. The net radiant heat flux, as well as the heat transfer by convection to a body, depend on, among
other things, the temperature of the receiving surface, while the instrument responds to heat transfer to a
cooled surface.

This Technical Specification provides guidance on how this type of instrument is used and how the results are
interpreted.
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TECHNICAL SPECIFICATION ISO/TS 14934-4:2007(E)

Fire tests — Calibration of heat flux meters —

Part 4:
Guidance on the use of heat flux meters in fire tests

1 Scope

This Technical Specification provides guidance on the use of heat flux meters in fire testing applications,
including the description and working principles of common heat flux meters and methods for their selection
and maintenance. The guidance can also be applied to measuring heat flux from radiant panels and other
large heat sources used to simulate the heat flux from a fire. It is applicable for all common testing purposes
when measuring heat flux from radiant sources.

This Technical Specification also provides basic theory and working principles of heat flux meters and
methods for selection, use and maintenance of heat flux meters. Although it is particularly aimed at the
application of heat flux meters in fire tests and experimental works concerning fire research, it can also serve
as a guide for other research applications, for example, research on boilers, combustion processes, etc.

Instruments, which measure the transient temperature of a solid body of known mass and heat capacity to
infer the heat flux (slug calorimeter type), are not covered by this Technical Specification.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 13943:2000, Fire safety — Vocabulary
ISO 14934-2:2006, Fire tests — Calibration and use of heat flux meters — Primary calibration methods

ISO 14934-3, Fire tests — Calibration and use of heat flux meters — Secondary calibration method

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 13943:2000 and ISO 14934-2 apply.

4 General information on heat flux meters

4.1 General

A heat flux meter is an instrument which measures the radiant and convective heat that is transferred from the
fire environment to a sensing element. In practice, heat flux is most commonly measured with total heat flux
meters of the Schmidt-Boelter (thermopile) or Gardon (foil) type. Although there is a wide variety of designs of
heat flux meters, a typical design consists of a thermopile sensor, mounted on a metal body that is cooled by
water. The body acts as a constant-temperature heat sink. The thermopile sensor typically has a nearly black
surface which is assumed to absorb all incident radiation, or of which the which emissivity is given.
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It is assumed that sensitivity does not depend on wavelength over the spectral range of the radiating sources.
Deviations from the ideal directional response characteristics can normally also be disregarded.

In a normal situation, the field of view is assumed to be 180° and the surface is assumed to be a perfect black
body, both regarding the spectral characteristics and the directional response.

In geheral, heat flux meters consist of an absorber of heat flux, body, water-cooling system and wiring as
shown in Figure 1. They often also have a flange for mounting purposes.
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7 8
Key
1 Absorber 5  Tube for wiring
2  Body 6 Cable
3  Flange 7  Heat-flux-meter signal
4  Tube for water supply 8  Temperature-sensor signal

Figure 1 — General features of heat flux meters

The sensing surface shall remain free of deposition of soot or other particulates. It should be noted that soot
may collect on the cool gauge surface and can affect the gauge output.

4.2 Principle of measurement

The incident heat flux onto the absorber creates a local temperature difference. This difference is measured,
resulting in an output signal (voltage). As a first approximation, this voltage is linear with the heat flux received
by the sensor. In most heat flux meters, the measurement of the temperature difference is based on
thermocouples or thermopiles, which are passive and do not require any external power.

Within a limited working range, the relationship between the heat flux received by the sensor and the output
signal can be assumed to be linear. However, it should be noted that the output signal is not always linear to
the incident heat flux (see 3.4.3).
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4.3 Design of heat flux meter

4.3.1 General

There are two types of heat flux meters that are widely used in fire tests: so-called Gardon (foil) type and
Schmidt-Boelter (thermopile) type.

The Gardon-type heat flux meter has a very wide working range and a very fast response time. However, it
has a low sensitivity and therefore does not work with low heat fluxes.

The Schmidt-Boelter-type heat flux meter generally has a much higher sensitivity than Gardon gauges.

Another type of heat flux meter is a hemispherical radiometer, sensitive to irradiance only, i.e. it is not
sensitive to the surrounding gas temperature and velocity, and is used for estimating the convective part of the
heat transfer measured with total heat flux meters.

4.3.2 Gardon-type heat flux meter

The Gardon-type heat flux meters have an absorber, which is deposited on a thin foil. The absorbed heat is
conducted radially along the foil into the body, which is water-cooled. The absorber has an approximately
parabolic temperature distribution. The temperature at the centre is high, varying with heat flux to the sensor,
while the temperature at the edge is relatively low, remaining at the constant body temperature, i.e. the
temperature of the cooling water. The temperature profile is no longer parabolic when a significant convective
cross-flow is present. The temperature difference between the centre and the edge is measured by a
thermocouple. A schematic view of the Gardon-type heat flux meter is shown in Figure 2.

1
3 4
)
P

6
Key
1 Foil with black absorber (usually constantan) 4  Cooling water
2 Incident heat flux 5 Wire connected to the body (or edge of the foil)
3  Wire connected to the centre of the foil 6 Thermocouple for body temperature measurement

Figure 2 — Gardon-type heat flux meter

4.3.3 Schmidt-Boelter-type heat flux meter

A Schmidt-Boelter-type heat flux meter has a relatively thick thermopile mounted on a heat sink, the water-
cooled body of the gauge. The absorbed heat is conducted perpendicular to the absorber surface through the
sensor into the heat sink. The absorber has a relatively uniform temperature distribution. The temperature
difference between the sensor and the body is measured by the multiple thermocouples connected in series in
the thermopile. A schematic view of the Schmidt-Boelter-type heat flux meter is shown in Figure 3.
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