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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
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Introduction

In many fire test methods, the radiation level is specified and therefore, it is of great importance that the
radiant heat flux be well defined and measured with sufficient accuracy. Radiant heat transfer is also the
dominant mode of heat transfer in most real fires.

In pfactice; radiant heat Tlux IS usually measured with so-called total heat flux meters of the schinidt-Boelter
(thefmopile) or Gardon (foil) type. It is important to realize that such meters always register ascombined heat
flux|from radiation and convection. It is also important to realize that the total heat flux meters.regigter the heat
flux|to a cooled surface which is not the same level of heat flux that a non-cooled surface.recéives] Finally, the
only heat transfer that is well defined is the incident radiant heat of the calibration situation in thel black-body
radipnt sources used for primary calibration.

Thig part of ISO 14934 gives the terms and definitions intended for use with the other pafts, namely
ISO[14934-2 (three primary methods for calibration of heat flux meters), ISO 14934-3 (conduct of secondary
calibration) and ISO/TS 14934-4 (construction and use of different types of heat flux meters).

© 1SO 2010 — All rights reserved Vv
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Part 1:

General principles

1 |Scope

Thig part of ISO 14934 specifies the terms and definitions for the calibration and use 0f heat flux
ISO[14934-2, ISO 14934-3 and ISO/TS 14934-4). It also describes the relationship-between ou
and| total heat flux. It gives uncertainty components that are relevant for the calibration and use
meters (see Clause 7).

Thig part of ISO 14934 does not contain the methods for the calibration of*heat flux meters, which
in 1I$0 14934-2 and 1ISO 14934-3.

2 [Normative references

The| following referenced documents are indispensable for,the application of this document and f
parts of ISO 14934. For dated references, only the edition cited applies. For undated reference
editjon of the referenced document (including any amendments) applies.

ISO[13943:2008, Fire safety — Vocabulary

ISO[14934-2, Fire tests — Calibration and tise of heat flux meters — Part 2: Primary calibration me
ISO[14934-3, Fire tests — Calibration‘and use of heat flux meters — Part 3: Secondary calibration
ISOfTS 14934-4, Fire tests — ,Calibration of heat flux meters — Part 4: Guidance on the use
meters in fire tests

ISOfIEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of un
megsurement (GUM:1995)

ISOfIEC Guide 99) International vocabulary of metrology — Basic and general concepts and assoq
(VIM)

ASTM E519,"Standard Test Method for Measuring Heat Flux Using a Copper-Constantan (
Hegt-Flux<Transducer
ASTME2683—Standara—Test Method—for —Weasuring —Heat—Flux —Using —Fiush=-iour

Temperature-Gradient Gages

3

Terms and definitions

ted Insert

For the purposes of this document, the terms and definitions given in ISO 13943, ISO/IEC Guide 98-3 and
ISO/IEC Guide 99 and the following apply.

NOTE

the primary definitions. The definitions are listed according to the hierarchy of the concepts.

© 1SO 2010 — All rights reserved
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3.1 Prim

3.11
radiation

ary definitions

emission or transfer of energy in the form of electromagnetic waves with the associated photons

NOTE

3.1.2
heat

See Reference [1].

energy transferred from one body or system to another due to a difference in temperature

[«

4

NOTE 1
NOTE2 |

313

bee Reference [3].

leat is expressed in joules.

heat transfer

transfer of ¢
EXAMPLE

NOTE1

NOTE2 |

NOTE3 A

3.14
convection
transfer of |

[ISO 13943

3.1.5
heat flux
amount of t

NOTE1 |

NOTE2

NOTE3 A

3.1.6
radiosity
total of rad

nergy from one body or system to another as a result of a difference in temperature

Radiative heat transfer (3.2.1), convective heat transfer (3.2.2)'or'conductive heat trans
he bodies can be a gas, liquid, solid body, or some combination.
leat transfer is expressed in watts.

dapted from definition of ‘heat transfer’ contained in Reference*[3].

eat by movement of a fluid

2008, definition 4.54]

nermal energy emitted, transmitted or received per unit area and per unit time
leat flux for fire testing purposes is expressed in watts per square metre.
Dutside the fire testing,field this definition is given as “heat flux density”.

dapted fromISO13943:2008, definition 4.173.

ative “heat flux emitted and radiative heat flux reflected leaving a surface when no radiative

fer.

heat

flux is trans

NOTE 1

NOTE 2

NOTE 3

Hiaal
ecyu

See Reference [4].
This definition is relevant to method 1 of ISO 14934-2.

Radiosity is expressed in watts per square metre.
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7

black-body radiation source
ideal thermal radiation source which completely absorbs all incident heat radiation, whatever wavelength and

dire

ction

NOTE1  Adapted from ISO 80000-7:2008.

NOTE 2 A more physical definition of black body radiation source is given in ISO 13943.

3.1.

8

irradiance

inciflent radiative heat flux arriving tfrom all hemispherical directions

NOTE Irradiance is expressed in watts per square metre.

31.p

emissivity

ratig of the radiation emitted by a radiant source to the radiation that would be“emitted by a
radiation source (3.1.7) at the same temperature

NOTE Emissivity is dimensionless.

[1ISO 13943:2008, definition 4.75]

3.1./10

absprptivity

ratig of the absorbed radiant heat flux to the incident radiative heat flux
NOTE Absorptivity is dimensionless.

3.1./11

radiative intensity

radiptive heat flux per unit solid angle leaving a source in a given direction
NOTE 1 Radiative intensity is expressed.in watts per steradian.

NOTE 2  See Reference [5].

3.1./12

heal flux meter

inst
both

3.1.
rad
hea

ument responding-te incident radiative heat transfer, or convective heat transfer to a cooled

13
ometer
flux mieter responding to incident radiative heat flux only

black-body

surface, or

3.41.

A
L J

total hemispherical radiometer
radiometer equally sensitive to radiative intensity arriving from all directions above the sensing surface

3.1.15

total heat flux meter
heat flux meter responding to both incident radiative heat transfer and convective heat transfer to a cooled
surface

NOTE The expression “heat flux meter” without the denotation “total” is typically used only when it is
whether the instrument is a radiometer or a total heat flux meter.

© 1SO 2010 — All rights reserved
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3.1.16

primary standard
standard that is designated or widely acknowledged as having the highest metrological qualities and whose
value is accepted without reference to other standards of the same quantity

[ISO/IEC Guide 99]

3.1.17
secondary

standard heat flux meter

heat flux meter with a calibration traceable to a primary standard, used only for calibration of working-standard
heat flux meters

3.1.18
working-st
heat flux m
tests

3.1.19

andard heat flux meter
bter calibrated by reference to a secondary standard for subsequent use during thecourse of

sensing surface

surface of t

3.1.20
sensitivity
ratio of the

3.1.21
Stefan-Bolj
o

constant of
from the ab

NOTE1 1

g

4

NOTE 2

3.2 Secg

3.2.1
radiative h
heat transfq

NOTE f

3.2.2
convective
transfer of |

ne heat flux meter that detects the irradiance

butput voltage to the measured quantity

Izmann constant

proportionality in the expression in the Stefan-Boltzmann law for calculating the radiative heat
5olute temperature

[his constant is equal to 5,670 400 x 10-8 watts per square metre and per kelvin to the fourth power.

bee Reference [2].

ndary definitions

bat transfer
r by radiation
Radiative heat transfer is expressed in watts.

heat'transfer
eat to a surface from a surrounding fluid by convection (3.1.4)

NOTE

fluid properties and the fluid velocity and direction.

3.23

total heat transfer
sum of the radiant heat transfer and the convective heat transfer

3.24

incident heat radiation

incoming ra

diative heat

fire

flux

The amount of heat transfer depends on the temperature difference between the fluid and the surface, the

© 1SO 2010 — All rights reserved
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3.25
absorbed heat radiation
radiative heat absorbed by a surface

3.2.6
emitted heat radiation
radiant heat emitted from a surface

3.2.7
net heat radiation
difference between the absorbed heat radiation and the emitted heat radiation

3.2
radiative heat flux
heaf flux by radiative heat transfer

NOTE 1 The adjectives radiative and radiant are interchangeable and both terms are used,iISO 14934 (3l parts).
NOTE 2  Radiosity (3.1.6) is a similar but not fully synonymous expression.
NOTE 3 Radiant or radiative heat flux is expressed in watts per square metre.
3.2

convective heat flux
heat flux by convective heat transfer

NOTE Convective heat flux is expressed in watts per square metre.
3.2/10

totd| heat flux

sum of net radiant heat flux and convective heatflux

NOTE Total heat flux is expressed in watts\per square metre.

4 [Symbols

Gtot total heat flux to the sensing surface

drad heat radiation*absorbed by the sensing surface

Gendi emitted-heat radiation from the sensing surface

dco convective heat transfer to the sensing surface

T, absolute ambient temperature

€ absorptivity of the sensing surface; the absorptivity and the emissivity of the sensing surface are

assumed equal

Iag incident heat radiation as defined by the calibration method (see Clause 7); the view angle
dependence for the method is included in the value

T, absolute temperature of the cooling water, which is assumed to also represent the temperature of
the heat flux meter

Ay, 44, Ay constants to be determined by the calibration procedure in a best-fit procedure as described
in Clause 7

© 1SO 2010 — All rights reserved 5
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Uout output voltage signal

s standard deviation

1% number of degrees of freedom in the regression line model

n number of radiation levels

V; value from the regression model

Vi measured value for the level x;

5 Princjples

5.1 Pringiples of calibration

Heat flux mgters for daily use in fire testing (working standard heat flux meters) may be calibrated accordirg to
either a primary calibration method or a secondary calibration method.

Primary cdlibration shall be performed according to one of the three primary methods described in
ISO 14934-2. Secondary calibration shall be performed according to the principles described in ISO 14934-3.

When the secondary calibration is performed as a transfer calibration, the.secondary-standard heat flux meter

shall be pri

5.2 Pring

Assuming t
given by Eq

o
Gtot = ¢

The heat ba

ary calibrated.

tiples of measuring radiant heat flux

lance of Equation (1) is illustrated‘in)Figure 1.

T Ts Q'

"
> q emi

"
q"con

ne emissivity/absorptivity of the sensing surfacelequals unity, the total heat flux received, ¢ty is
uation (1):
:ad - q,émi + q,c’:on

(1)

o
q ot

Key

1 sensing surface

a8  Direction of airflow.

Figure 1 — The heat balance at the sensing surface
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The heat radiation that is absorbed by the heat flux meter depends on the absorptivity of the sensing surface,
given by Equation (2):

drad = €% Irad (2)
The emitted heat radiation from the sensing surface, ¢z, is given by Equation (3):

-y 4

Gemi = £€X 0T} (3)

where the surface temperature, T., is assumed to be equal to the water temperature, T.,,.

The] convective heat transfer, ¢, , is specific for the calibration method and for the application at use. Thus,
the ronvective heat transfer depends on the configuration at the calibration or use situatior. [The tgmperatures
of the ambient air, as well as the velocity of the air over the sensing surface, play important rolgs. Also, the
temperature of the cooling water influences the convective heat transfer.

Thel total heat flux to the heat flux meter, ¢, creates a local temperature différence. The oufput voltage
signal of the meter depends on this temperature difference. The sensitivity-of heat flux meters|is primarily
determined by the physical composition of the heat flux meter itself. The cambined properties of tHe absorber,
surmounding geometry (limiting the field of view), window and foil/thermopile result in a certain [output at a
certpin level of incident heat radiation.

Thel total heat flux to the heat flux meter, ¢i,;, may be assumed-to be a second-degree polyngmial of the
output voltage signal, as given by Equation (4):

i 2
dtot = Ao + AU out + 42U ot (4)

However, normally the second degree term, 4,, is small. Thus, a linear relation is obtained where the constant
term, 45, depends on the cooling water temperature.

6 |[Description, selection and use of heat flux meters

Thel different types of heat flux meters available for use in fire tests shall be as described in ISO/TS 149344,
ASTM E511 and ASTM E2683.1SO/TS 14934-4 also contains guidance on the selection of type and design of
heaf flux meter for the purpose concerned. ISO/TS 14934-4 gives advice on the use of heat flux meters in
diffgrent situations as well

Either a total hemispherical radiometer or a total heat flux meter may be used to measure the |radiant flux
duripg a fire test.

Althbugh theluse of total hemispherical radiometers is not widespread, their use in daily meagurement or
duripg calibration in fire test methods has the advantage of requiring no correction for convective effects to the
measufred'radiant heat flux. Only the radiant heat flux is measured and a total hemispherical radipmeter may
be used in any fire test method without the need to apply a correction for any convective hgat transfer.
Caution is recommended to ensure that the angular response of the radiometer has near-true cosine
dependence.

During calibration of a total heat flux meter, all measures should be taken to reduce the convective
contribution. In addition, an assessment of the amount of remaining convective contribution should be
included in the uncertainty of the incident radiant flux for the calibration or measurement. Documented
characterization of the convective component using additional measurements (e.g. sensing element
temperature, local velocities and ambient gas temperatures near the sensing element) and modelling can
allow the isolation of the radiant component, leading to reduced uncertainty in measurements. Total heat flux
meters respond to any heat that is transferred to or from the sensing surface, and cannot distinguish between
radiant or convective components of heat transfer. Hence, other means are necessary to quantify their relative
importance.

© 1SO 2010 — All rights reserved 7
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However, it might not be necessary to measure the sensitivity of the meter to convection for every single
specimen of heat flux meter. It is possible that corrections can be established for each separate type of meter
for use in a particular calibration or fire test method. Thus, the output signal of a meter to total heat flux can be
corrected to apply to only the radiant heat flux for every total heat flux meter used in that specific method.

7 Uncertainty analysis

7.1 Uncertainty sources in primary calibration

711 The
primary cali
a) temper

b) emissi

c) appare
d)
e) output

71.2 In 4
the method

a) pressu

b) conveg

c) temper

d) referen

Round-robi
1ISO 14934-

levels chos
range of pa

7.2 Uncertainty soutces in secondary calibration

If secondar
from the pri
in the basic

heat trgansfer model of the specific calibration method, including dimensions, typical of the method;

bration in accordance with ISO 14934-2:
ature of black-body radiant source;
ity of black-body surfaces;

Nt emissivity in black-body;

signal of heat flux meter.

ddition to the sources listed in 7.1.1, there are some uncertainty components that are specif
of calibration. These are uncertainties from:

re output reading (method 1);

tion during calibration (methods 2 and 3);

ature of areas other than the black-body itself (method 2);

ce standard radiometer (method 3):

N results should also be taken.into account.

P gives the number of levels for performing a primary calibration of a heat flux meter. The radig

bn for the calibration_can be either evenly distributed over the full range or more concentrated
ticular interest.

calibration in accordance with ISO 14934-3 is conducted as a transfer calibration, the uncerte
mary ‘calibration is the main uncertainty component. In addition, the following sources are inclu
unAcertainty components in the uncertainty budget of secondary calibration:

a)
b)
c)
d)

e)

convection during calibration;

temperature of heat source;

temperature of surrounding surfaces;

alignment of heat flux meter and heat source (including distance from source);

heat flux meter reading.

t of

tion
in a

inty
ded
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The number of radiation levels used for calibration influences the uncertainty in the regression of the
calibration. When a linear regression has been performed, the standard deviation is calculated either by
means of the computer program used for the regression or by Equation (5):

The_number of degrees of freedom, v, equals the number of radiation levels subtracted by the

dmeters set in the regression, i.e. two for linear regression. The uncertainty for the regression-c

par
calg
deg

To

regression should be added to the uncertainty from the method in accordance-jwith instructio]

ISO
the

7.4

Whd
con
surn
dep
the

the

tran
and
con

The
are
surn
surf

s2 =

1 n 2
_Z(j}i_yi)
=

ulated as the standard deviation times a coverage factor in order to get a 95 % confidence.in
ree of freedom is small, i.e. less than 10, the coverage factor shall be taken from the rdistributi

et the total expanded uncertainty for the heat flux measurement, the uncertainty: contributi

heat flux meter are given in Annex B.

Uncertainty sources in using a heat flux meter

bn using a heat flux meter, the convection can be different¢compared to the calibration sif
ribution to the heat transfer by convection depends mainly/on the temperature difference b
punding gases and the sensing surface and on the velogity of the surrounding gases. How
bnds on the size and shape of the heat flux meter, its orientation and its temperature level, w
cooling water temperature. In many practical situationsin fire testing, the contribution due to c
sensing surface of the instrument can be as high as 25 % of the radiant heat flux. The con
sfer can be either a positive or a negative term-in"Equation (1). Thus, it is always necessary t
be aware of this factor. The convection component of the heat flux shall be considered as an
ponent in the combined expanded uncertainty for the use of the heat flux meter.

temperature of surrounding surfaces\also influences the reading of the sensing surface. If t
hotter than the sensing surface{_additional radiation will be received by the sensing sun
ounding surfaces are colder than.the sensing surface, this surface will emit radiation to the
aces.

(®)

number of
urve is then
erval. If the
bn.

bn from the
ns given in

IEC Guide 98-3. Examples of how the size of the uncertainty of the regression«depends on the¢ linearity of

uation. The
etween the
pver, it also
hich is near
bnvection to
ective heat
b determine
uncertainty

he surfaces
face. If the
surrounding
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Annex A
(informative)

Comparison of calibration methods

Comparison of different calibration methods has been conducted in two activities within the FORUM for
International Cooperation in Fire Research (see Reference [6]). In the two comparisons, a Gardon and a
Schmidt-Boette 28 X MmMeter-were—tusea—ne—wo commenced——2606—wher O-1+4934—atpartsiwas
under preparation by TC 92/SC 1/ WG 10. Therefore, many of the calibration methods used in that comparjson
were not agcording to the procedures described in ISO 14934 (all parts). A variation of 8 % to 9 % of| the
averaged fyll-scale reading of the heat flux meters used in the first comparison was recorded. In the seqond
comparison|, the variation was 17 % to 21 % of the averaged full-scale reading. These results are reportgd in
Chapter 4.4 (Comparisons based on predicted full-scale gauge responses) of the report.

In the first gomparison, all three methods that later became the primary methods of 1IS©14934-2 were uged.
The following is a summary of the results of these methods: The average heat fluxX'at 10 mV (referred tp as
full-scale r¢ading in the report) and the variation (20) of the Gardon heat flux-meter was in the primary
methods (89,2 + 4,9) kW/m2. That corresponds to +5,5 % of the average fullscale reading for these three
methods. Hor the Schmidt-Boelter heat flux meter, the corresponding result-in the primary methods was
(119,7 + 4,3) kW/mZ2, which corresponds to +3,6 % of the average full-scalgreading.
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