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Foreword

ISO (the |

nternational 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

eStab|ISh ,Ul ;Idb ti 1 Ilg;lt tU IUU lcplcaclltcd Ul t;ldt bUIIIIII;ttCC. illtUllldt;Ulldi UlgdlliLdtiUI 15, YUVCITITITI Itdi dal d
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 mair

adopted py 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

An ISO/R

further thfee years, revised to become an International Standard, or withdrawn. If the ISO/PAS or ISO/TS [is

confirmeq
Internatio

Attention

rights. ISP shall not be held responsible for identifying any:ar all such patent rights.

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

task of technical committees is to prepare International Standards. Draft International Standards

committee may decide to publish other types of normative document:;
AS or ISO/TS is reviewed after three years in order to decide’ whether it will be confirmed for|a

, it is reviewed again after a further three years, at which:time it must either be transformed into an
nal Standard or be withdrawn.

is drawn to the possibility that some of the elements of this document may be the subject of patent

initiation and growth.

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

— Part|1: General principles (Techhical Specification)

— PartR: Primary calibration. methods

— Part|3: Secondary calibration method

— PartH: Guidanece©n the use of heat flux meters in fire tests (Technical Specification)

iv © IS0 2007 — All rights reserved
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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

d ;

gases. It will, however, also depend on the size and shape of the heat flux meter, its orientation\3
tgmperature level, which is near the cooling-water temperature. In many practical situations in(fire’tg
contribution due to convection to the sensing surface of the instrument can amount to 25 %, of the ra
x. Therefore, it is always necessary to determine and control this part.

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

— a total hemispherical radiometer sensitive to radiation only;

—1 a total heat flux meter (most frequently used) sensitive to both adiant heat transfer and to ¢
heat transfer.

directly. The net radiant heat flux, as well as the heat transfer by convection to a body, depend o
cpoled surface.

This Technical Specification provides guidance onthow this type of instrument is used and how the r:
nterpreted.

rrounding
nd on its
sting, the
diant heat

ed where

pnvective

When using heat flux meters, it is important to realize that only/incident radiant heat flux can be measured

h, among

other things, the temperature of the receiving surface, while the instrument responds to heat transfer to a

bsults are
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Fire tests — Calibration of heat flux meters —

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

11 Scope

This Technical Specification provides guidance on the use of heat flux meters incfire testing apy
including the description and working principles of common heat flux meters and. methods for their
aphd maintenance. The guidance can also be applied to measuring heat flux from radiant panels

lgrge heat sources used to simulate the heat flux from a fire. It is applicable“for-all common testing
when measuring heat flux from radiant sources.

This Technical Specification also provides basic theory and working"® principles of heat flux mg
mlethods for selection, use and maintenance of heat flux meters.“Although it is particularly aim
a
a

pplication of heat flux meters in fire tests and experimental warks-concerning fire research, it can g
5 a guide for other research applications, for example, reseafch'on boilers, combustion processes, ¢

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. H
dpcument (including any amendments) applies.

IO 13943:2000, Fire safety &~ Vocabulary

IO 14934-2:2006, Fire(tests — Calibration and use of heat flux meters — Primary calibration metho

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

3| Terms’and definitions

n

br.the purposes of this document, the terms and definitions given in ISO 13943:2000 and I1ISO 14934

blications,
selection
and other
purposes

pters and
ed at the
Iso serve
btc.

Instruments, which measure the transient temperature of.a solid body of known mass and heat capacity to

or dated

rd¢ferences, only the edition cited ,applies. For undated references, the latest edition of the r¢ferenced

-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 ne
surface which is assumed to absorb all incident radiation, or of which the which emissivity is given.

© IS0 2007 — All rights reserved PROOF/EPREUVE
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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 general, 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.

1
2 1|,
[ = 3
4
)
6
7 8
Key
1 Absofber 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 sopt
may collgct 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 measure(,
resulting |n an qutput signal (voltage). As a first approximation, this voltage is linear with the heat flux received
by the sgensor. In most heat flux meters, the measurement of the temperature difference is based ¢n
thermoco ffes, whi i '

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).

2 PROOF/EPREUVE © IS0 2007 — Al rights reserved
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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.

413.2 Gardon-type heat flux meter

The Gardon-type heat flux meters have an absorber, which is deposited on\a-thin foil. The absorbgd heat is
conducted radially along the foil into the body, which is water-cooled. The absorber has an apprpximately
parabolic temperature distribution. The temperature at the centre is high,~varying with heat flux to the sensor,

ile the temperature at the edge is relatively low, remaining at the constant body temperature, i.e. the
tgmperature of the cooling water. The temperature profile is no lofiger parabolic when a significant cpnvective
cfoss-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.

Py
Foil.with*black absorber (usually constantan) 4  Cooling water
Incident heat flux 5 Wire connected to the body (or edge of the foil)

w N o X

Wire connected-to the centre of the foil 6 Thermocol |p|p for hﬁd\ll fnmparnh e 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.

© IS0 2007 — All rights reserved PROOF/EPREUVE 3
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1
[— U —
3 - o] 4
\
| — — | 5
6
Key
1 Foil w|th black absorber (usually constantan) 4  Cooling water
2 Incident heat flux 5 Wire connected to the centre of the thermopile
3 Wire donnected to the centre of the thermopile 6 Thermocouple for body tempefature measurement

Figure 3 — Schmidt-Boelter-type heat flux méter

4.3.4 Hemispherical radiometer

[
=

A hemispherical radiometer is used for measuring irradiance.ltis not sensitive to convective heat transf
conditions, i.e. surrounding gas temperature and velocity.

Hemisphegrical radiometers, as shown in Figure 4, have areflecting interior (usually gold plated), which refledts
the irradfance to the absorber, which is thus keptifree of the influence of convection. Hemispherigal
radiometgrs are often used in flame research and are often equipped with air purging to keep the reflector frge
of soot.

/ |
2
[ .
3
A
| 4
Key
1 Aperture 3 Heatsink
2 Body with reflecting interior 4 Output wire

Figure 4 — Hemispherical radiometer

4 PROOF/EPREUVE © IS0 2007 — Al rights reserved
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4.4 Measurement characteristics

441 Response time

Because the duration of many standardized tests is limited, a quick response is required from heat flux meters.
In many cases, a full-scale response (99 %) of less than 10 s is required.

In general, in the application of the response time when a heat flux meter with a constant body temperature is
exposed to an irradiance level starting from {=0, the behaviour of signal output can be described by
Equation (1):

Uout =1-S1(1—e"/‘sen) (1)

where

Uyt is the output signal, in V;

Sy is the primary sensitivity, in mV/W-m=2;
I is the heat flux, in W/m?2;
t is the time, in s;

tsen 1S the sensor time constant, in s.

The response time of a particular sensor is therefore usually~indicated by its time constant. The timg constant
of a heat flux meter can also be seen as the time in which 63 % of the full scale (100 %) response is feached.

ApB a rule, the full-scale response (99 %) is reached within a timeframe of 5 times the time constant. Ih practice,
this means that after 5 times the time constant, the-response time no longer is a significant source of |error.

Fpr Gardon gauges, based on a foil, the respense time can be approximated by Equation (2):
fsen = p-cp-D? 162 2)
where

sen I8 the sensor time)constant, in's;
P is the foil density, in kg/m3;

is the foil specific heat capacity, in J/kg-K;

p
D is)ithe foil diameter, in m;
A is the foil thermal conductivity, in W/m-K.

For Schmidt-Boelter Gauges, based on a thermopile, the response time can be approximated according to
Reference [7] by Equation (3):

tsen:(4/n2)(p.cp-02/x) (3)
where

tsen IS the sensor time constant, in s;

p is the sensor density, in kg/m3

© IS0 2007 — All rights reserved PROOF/EPREUVE 5
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cpi

D i

A i

s the sensor specific heat capacity, in J/kg-K;
s the sensor thickness, in m;

s the sensor thermal conductivity, in W/m-K.

Most heat flux meters currently used for fire tests have a time constant of about 1 s or less. Therefore,
measured results of heat flux in nearly steady-state conditions in fire tests can be deemed as instantaneous.

If heat flux is measured during a very fast phenomenon, such as a flashover stage or explosion, it may be

In gener:
working |
signal le
paint and

The abs

443 S

The sens
combined
will result

[, a heat flux meter of a particular type is designed to measure within a certain heat flux range (its
nge). Also, the sensor has a certain sensitivity and a certain response time to reach,a)certain output
el. The main restriction is that the absorber temperature is kept within acceptable limits, in which the
sensor will not be destroyed.

rber temperature rise is a result of the incident heat flux, sensor construction and cooling system.

nsitivity of heat flux meters

tivity of heat flux meters is primarily determined by the physical'\composition of the sensor itself. The
properties of the absorber, surrounding geometry (limiting the field of view), window and thermopile
in a certain output at a certain level of incident radiation.

The incident radiation level, as a function of the output voltage signal, is assumed to be a second-degree
polynomigl:
I=Ho+Aq-Ugy+Ay-U2y ®)
where
I is the ingident radiation as defined by the calibration method (Clauses 7, 8 and 9 and ISO 14934-2);
NOTE The calculation procedure for this method takes into account. the view-angle dependence.
Ag, 44 and 4, are constants to be determined by the calibration procedure;
Ugut is thesoutput voltage signal, in V;
Ay can be identified as:
Ag=1-0 s ()
where
n is a coefficient expressing the influence of convection in the calibration situation;
T is the absolute temperature of the cooling water during calibration, in K.
6 PROOF/EPREUVE © IS0 2007 — All rights reserved
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When the heat transfer by convection during calibration can be neglected, the coefficient 7 is equal to 1,0 and
Ay can be calculated directly. Otherwise 4, has to be determined together with 4, and 4, in a best-fit
procedure as described in Clause 10 and ISO 14934-2. The coefficient # can then be calculated as:

=49/ Teg (6)

When used in practice, the incident radiation I is calculated for various water temperatures, T, as:

2
I=1y+A1-Ugy+ A5 -Ugyt

where
Iy=n-0-Ts 7)
and

T, is the in use temperature of the cooling water. The first and third termsyare, in most cased, small in
comparison to the second term.

I many cases, manufacturers only provide a linearized sensitivity coefficient (4, and 4, in Equatign (4)), In
slich cases, they assume that 4,5 and 4, are zero.

4}4.4 Spectral and directional response

The values measured by the heat flux meters describedin-this Technical Specification, i.e. the Gandon type,
tHe Schmidt-Boelter type and the hemispherical radiometers, can be affected by their distance from the fire
and the orientation of the sensing surface in relation to the fire. These meters also respond differently to
rddiation in different spectral ranges. However, they*are designed to have a close to hemispherical vjew angle
and the sensing elements are coated to achieve-spectral absorptivities in excess of 0,9. Therefore,|for many
common fire tests for which they are used, the uncertainty caused by directional and spectral variatipns in the
fites themselves can be assumed to be small.

There are two situations that need particular care when using these heat flux meters that could cause them to
deviate significantly from the ideal.. First, if a window is fitted to the heat flux meter to eliminate cgnvection,
both the view angle and the spectral response of the heat flux meter can be significantly affected. $econd, if
the coating on the sensing,element becomes contaminated, the spectral response of the heat flux meter may
clhange. The manufacturer's recommendations should be followed for recoating the sensing element to
nlinimize uncertainties-due to spectral response.

4/4.5 Sensitivityto convective heat transfer

The Gardomand Schmidt-Boelter-type heat flux meters described in 4.3.2 and 4.3.3 are sensitive to both
incident «adiant heat flux and convective heat transfer. The convective heat transfer is normally reduced to a
ninimum~during calibration in a calibration furnace, while in a fire test situation the convective hedt transfer

; situation
ending on

4.5 Physical shape of heat flux meter

The shape of a heat flux meter is usually cylindrical. The absorber is usually directly attached to the body: a
water-cooled heat sink. There is a wide variety of sizes (diameter as well as height) of the cylindrical body.

Tubes for water inlet and outlet, as well as lead wires from the thermocouple or thermopile, are attached to the
body. Heat flux meters can be categorized by the type of tube attachment: the horizontal type as shown in
Figure 5 with tubes and wiring attached to the side wall of the body, and the vertical type as shown in Figure 1
with tubes and wiring attached to the bottom of the body.

© IS0 2007 — All rights reserved PROOF/EPREUVE 7
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In order to facilitate installation, a flange may be attached to the body of the heat flux meter (see Figure 6).
The side of the body may have a threaded hole or female thread for installation (see Figure 6).

1
J R 3
\ 4
5 6 7

Key
1 Absorper 5 Tube for water supply
2 Body 6 Tube for wiring
3 Temperature-sensor signal 7 Cable

4  Heat-flux-meter signal

Figure 5 — Horizontal-type heat flux meter

T
S
s
S
T—-
U
T
U

T
T
T
T

C
C
C
C

[ [

a) Flanged-heat flux meter b) Flanged and threaded heat flux meter

Figure 6 — Heat flux meters

5 Attachments to heat flux meters

5.1 Air purging

Air purging (see Figure 7) may be used in combination with a heat flux meter. This is particularly useful when
an extensive amount of smoke or soot is expected during the experiment. Air-purge systems are used to
prevent the smoke particles from accumulating onto the absorber of the heat flux meter. It should be noted
that purged air can affect the combustion and heat transfer, in particular convection, around the heat flux
meter. Air-purged sensors will require dedicated calibration. (See also Clause 6.)

8 PROOF/EPREUVE © IS0 2007 — All rights reserved
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1
2
L
[ I ]
3
4
Key
1] Air outflow 3 Air pipe
2| Cover for guiding air flow 4 Purging air
Figure 7 — Heat flux meter with an air-purge system

5|2 Windows

In order to measure radiation only, and thus avoid the eontribution of convection, a window may be aftached in
frpnt of the absorber of a heat flux meter (see Figure 8). It should be noted that the window may|absorb a
significant part of the radiation, and also that the mounting of a window will change the field of view. Therefore,
the choice of window material, as well as mechanical mounting, will affect the measurement. This wfill require
dedicated calibration (see also Clause 6). Eigure 9 shows examples of transmission of some types ¢f window

mlaterials.
1 l 2
4
3
Key
1| “Sensing surface of the heat flux meter 3 Base
2 Holder for window with a window facing 1 4  Heat-flux-meter body

Figure 8 — Heat flux meter with a window

© IS0 2007 — All rights reserved PROOF/EPREUVE 9
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100

80 / HE \
|

4L
\_-r
60 / / \ K\/q"\
il \ Y
N
40 6|— \ \ \
0 0,5 1,0 20 40 6,0 80 10,0 20,0
X
Key
X  Wavellength (nm) 3  YTTRALOX
Y Transmittance (%) 4  Silicon
1 Crystdl, quartz 5 IRTRAN2
2 Sapphire 6 Germanium

Figure 9 — Transmittance curve of each-window material

5.3 Copling system

For both|the Gardon-type and the Schmidt-Boelter-type heat flux meters, the body is usually cooled and
stabilized by circulating water. Care should be taken that the water temperature remains as constant as
possible, [and that it remains above the local dew-point temperature. If the cooling water temperature is belgw
the dew point of ambient air, water condenses_on the exposed surface of the heat flux meter and gives an
incorrect [measurement. In the case of measurement of a very low level of heat flux, the temperature chan%e
of cooling water may affect the measurement considerably. Figure 10 shows the signal output of a heat flfix
meter, which is exposed to no irradiance when the cooling water temperature is different from ambient
temperatyire. Use of a cooling water'circulation system, as shown in Figure 11, is recommended. The coolifg
capacity pf the water should be_large enough to avoid temperature change due to the heat received by the
heat flux meter. Less than a litre.per minute is usually sufficient for this purpose.
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Key
X| Temperature difference (DC)
Y| Output (kW/m?2)

Figure 10 — Output of heat flux meter against difference between cooling water temperature and
ambient temperature (when no irradiance is.given)

1‘

6

7
Key
1| Heatflux meter 4 Signal analyser (voltmeter)
2| CPump 5and 6 Water temperature controller
3 Flow meter 7 Cooling water

Figure 11 — Cooling water circulation system
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6 Selection of a suitable heat flux meter

6.1 General

There are several criteria for the selection of a suitable heat flux meter for use in a fire test, such as:

— range of measurement;

— dimensions and weight;

— orien

—  view

— asse

6.2 Ranhge of measurement

6.21 E

Excessiv
flux mete

to the working/calibration range of a heat flux meter) may cause large.inaccuracies and errors. Therefore, the
working ffange, as well as the calibration range of the heat flux meter, should match the conditions of the
intended measurement.

6.2.2 Looking at the required test method

When se
standardi

6.23 E

When a h
following
various fi

tation of sensor surface against wiring and piping system;
angle; and

ssment of level of convection heat transfer [8l.

baluating the working and calibration range

b incident heat flux to a heat flux meter beyond its working range may cause destruction of the hepat
r. On the other hand, the use of heat flux meters to measure at very low levels of heat flux (in relatipn

ecting a heat flux meter, it is important to estinyate the heat flux level to be measured. In the case pf
zed tests, the heat flux level is defined in the standards covering these tests.

stimation of the expected heat flux
eat flux meter is used in a real-scale fire test or in a test where combustion cannot be controlled, the

assumption may help to chodse "a suitable heat flux meter. Table 1 gives typical levels of heat flux gt
e conditions.

Table 1 — Typical levels of heat flux

Typgical range of heat flux Phenomenon
kW/m?
20010100 Incident heat flux on the wall in a developed fire enclosure
about 100 Radiation from burning house
about 30 Tausing ignition of tree
20to 10 Causing ignition of timber
about 7 or 8 Lowest level for causing ignition of a timber wall under a pilot flame
about 4 Lowest level for causing a burn
about 2,5 Highest level for people to endure
1,5 Solar constant
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6.2.3.1 When heat flux is measured in a developing stage of fire with a single flame, the heat flux from
the flame can be up to 100 kW/mZ2, even if the measurement is made in contact with the flame.

6.2.3.2 When heat flux is measured in a fully developed fire or in a fire resistance test for structural
members, a maximum level of 300 kW/mZ2 can be reached.

6.2.3.3 When heat flux from a fire plume is measured, the level depends upon the size of the fire plume
and the distance from it.

6.2.3.4 When measuring heat flux along an escape route, a low level of heat flux, such as below 5 kW/m?2,
sliould be measurable.

6/3 Type, dimensions and orientation

The type, dimensions and orientation (horizontal or vertical) of the heat flux meter used.in«a fire test should be
specified in the test method. If such a specification is not given by the standard, thelmanufacturer ¢f the test
equipment might recommend the type, dimensions and orientation of the heat fluxmeéter to be used in the test
equipment.

=

hen a heat flux meter is installed in a specimen, the water cooling system of the heat flux meter may have a
poling effect on the specimen. This may cause a drop in the temperatufe of the specimen around the heat
:I:X meter and result in a delay or failure of ignition and/or flame spread.‘In this case, use of a smallisize heat
x meter is recommended.

=h =h

Where a heat flux meter is installed in a large-scale test spécimen, care should be taken that the|heat flux
neter, as well as the wiring and piping system, are robust enough for the purpose.

NPTE It is suggested that a piece of insulation materiak.Such as ceramic fibre, can be inserted between the heat flux
meeter and the test rig or the specimen, and that the wires and pipes of the gauge should be also protected with| a piece of
inpulation material.

6/4 View angle

a window or air-purge system is installed in a heat flux meter, the view angle will be limited, and cgre should
b taken to ensure that the targeted-heat source is within the view angle. Where the size of the hejat source
cannot be defined, heat flux meters‘which have a limited view angle should not be used [9].

o =

6/5 Response time

Most of the Gardon-type and Schmidt-Boelter-type heat flux meters have a short time constant of less than
one second. Therefore, there is no need to consider the response time for the application to standandized fire
tgsts, where the heat conditions are relatively constant. However, if the heat flux is measured in a| very fast
phenomenoni>such as a flashover or explosion, the response time should be taken into account for the
s¢lection of.the heat flux meter.

6/6-_Sensitivity to convective heat transfer

The Gardon- and Schmidt-Boelter-type heat flux meters are not equally sensitive to convective heat transfer.
The surface temperature is lower on the Schmidt-Boelter type, which should be taken into account.
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7 Performing a measurement
7.1 Installation

7.1.1 Installation of heat flux meter on test equipment

The method of installing a heat flux meter on test equipment is usually specified in the test standard.

7.1.2 Installation of heat flux meter in specimen

When a heat flux meter is installed in a specimen or a dummy specimen, holes are drilled in the specimen
accomma@date the body of the heat flux meter. In general, it is recommended to have the surface of the he|
flux metef at the same height as the surface of the specimen.

When thg surface of a heat flux meter is on a same level as the surface of the specimen, both coenvective ar
irradiativg heat transfer to the cooled absorber are measured. It should be noted that thesheat flux met
measure$ heat transfer to the cooled surface of the absorber and is dependent on its temperature. The he|
transfer ffom the environment to the specimen surface is in general much smaller as-the' specimen surfa
temperatyire rises. When the surface of the heat flux meter protrudes from the surface of the specimen,

particularg when orientated vertically, the convective heat is altered. If the heat flux,meter recesses from the

surface
source.

the specimen, the edge and side wall of the hole of the specimen limit-the field of view to the he
ecessed as well as protruded mounting should be used in exceptional cases only, and should
ented.

-scale fire test, the heat flux to a heat flux meter mounted imthe specimen is sometimes measure|
install a vertical type heat flux meter in a specimen, a hole’may be made in the specimen throug

rotected by the specimen. However, care should be taken to avoid damage or mechanical stress
r by collapse or deformation of the specimen. It:is.recommended to insert an insulation materi
such as geramic wool, between the side of the heat flux meter and the wall of the hole of the specimen. Th
insulatior] material may protect the heat flux meter from.any deformation of the specimen, and also reduce tH
cooling effect of the water-cooling system of the heat flux meter to the specimen.

which thg heat flux meter is inserted (see Figure 13). In this case, the tubes for water supply and lead wirI

Horizontdl-type heat flux meters can be mounted-on the surface of the specimen in large-scale tests, witho
any treatment of the specimen (see Figure 12):1n this case, the heat flux meter protrudes from the surface
the specimen. The tubes for water supply.and lead wires are now exposed to the heat source, and should
protected by appropriate means.
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a) Heat flux meter installed b) Heat flux meter installed
in the specimen through a hole on the surface of the specimen
Key
1 Tube for cooling water
2 Surface of the heat flux meter is on the same level as the surface of the specimen
3 The heat flux meter protrudes from the surface of the specimen

Figure 12 — Installation of heat flux meter to specimen
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7.2 Target surface

Heat flux meters are usually supplied with a plastic cover to protect the sensing surface. This cover shall be
removed before testing. The plastic cover easily melts at high temperatures and adheres to the target, and it is

difficult to remove.

7.3 Electronics

The electronic device connecting to the output of the heat flux meter should have an input impedance of at

least 1 000 times the impedance af the sensor of the heat flux meter

the sensors by
—t+ aresistor of similar resistance value to the sensor, to verify that there are no significant offsets, 3

—t avoltage source to verify the voltage measurements.

7|14 Relationship between output voltage and total heat flux

The sensitivity of heat flux meters is primarily determined by the physical composition of the sensor
combined properties of the absorber, surrounding geometry (limiting the field of view), window, and t
wjll result in a certain output at a certain level of incident radiation.

The total heat flux to the sensor, ¢,,;, may be written as

qtot =49rad ~9emi T 9con
where

giot IS the total heat flux to the sensor;
draq 18 the heat radiation absorbed by the sensor;

dem; IS the emitted heat radiation from the sensor;

dcon IS the convective heat transfer to the sensor.

The heat radiation that is absorbed by the sensor depends on the absorptivity of the sensor surface 3
9rad = € tLrad

where

After installation, a check of the electronic circuit should be carried out. The check consists ofreplagement of

nd

tself. The

nermopile

(8)

9)

g is the absorptivity of the sensor; the absorptivity and the emissivity of the sensor are assumned to be

equal;

is the incident heat radiation as defined by the calibration method; the view angle depen
the method is included in the value.

rad
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The emitted heat radiation from the sensor, g¢,;, is

Gemi=¢0 Ty (10)
where

T, s the absolute temperature of the cooling water, which is assumed to also represent the temperature
of the sensor.

The contectlve heat transfer, gy, IS SPeciiC for the calbration method. It depends on the calbratign
configuration and on the temperature of the cooling water and the ambient air.

The total| heat flux to the sensor, ¢, is assumed to be a second-degree polynomial of the output“voltage
signal:

2
ot | Ao + A1 Ugyt + A2 - Ugy “nm
where

Ay, A1, A, are constants to be determined by the calibration procedure’in a best-fit procedure as
described in Clause 10 of ISO 14934-2:2006;

U,

out is the output voltage signal.

Heat flux] meters in special applications; e.g. used with view-limiting devices, air-purging systems, conidal
receivers| should be calibrated including these additional features: When making calibrations of such sensofs
against fraceable standards, the measurement conditions™~and the corrections that are applied whegn
calculating the sensitivity should be carefully documented.

8 Calibration

8.1 Serondary standard heat flux meter

A secondary standard heat flux meter, Which has been calibrated in a laboratory that is designated to perform
this secopdary calibration in accordance with 1ISO 14934-3, shall be obtained in order to calibrate heat fllix
meters tg be used in a laboratory-

It is recommended to preparé” at least three secondary standard heat flux meters, which are calibrated fn
accordance with ISO 14984-3. It is useful to conduct comparison calibration between these secondary
standard |heat flux meters, so that a secondary standard heat flux meter which gives wrong measurements
can be found, assuming that the other two are in order.

8.2 Working standard heat flux meters

Working heat flux meters 1o be used in iire 1ests should be calibraied by comparison with the secondary
standard heat flux meters following the method specified in ISO 14934-3.

8.3 Frequency of calibration
Fire test standards may specify the interval of calibration of the working heat flux meter. If there is no

specification in the intended fire test standard, it is recommended to use 1SO 5660-1:2002, 10.3.1 for this
purpose.
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