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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 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.
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Introduction

This International Standard is intended to obtain concentrations of effluent gases produced in large-
scale or simulated real-scale fire tests, such as the room corner test and open calorimeters. These tests
describe the fire behaviour of a product under controlled laboratory conditions.

The test standard can be used as part of a fire hazard assessment which takes into account all of the
factors which are pertinent to an assessment of the fire hazard of a particular end use.

© ISO 2015 - All rights reserved v
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INTERNATIONAL STANDARD

ISO 16405:2015(E)

Room corner and open calorimeter — Guidance on
sampling and measurement of effluent gas production
using FTIR technique

1 Scope

This

International Standard gives guidance concerning suitable apparatus and procedufre

when applying the FTIR method to measure concentrations of effluent gases produced iy

or si
caloq]

This
colle
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ISO 2
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For t

4 1

mulated real-scale fire tests. Such tests include the room corner test (see 1S0,970
imeter tests as described in ISO 24473.

guidance and measuring method only describes the way in which the.sampling of th
ction of FTIR spectra are performed. Analysis of spectra and calibratien is part of ISO

Normative references

following documents, in whole or in part, are normatively/referenced in this docunj
pensable for its application. For dated references, only the edition cited applies. |
ences, the latest edition of the referenced document{(including any amendments) appl

705, Fire tests — Full-scale room test for surface\products
3943, Fire safety — Vocabulary

9702:—Y), Guidance for sampling and andlysis of toxic gases and vapours in fire effluents
sform Infrared spectroscopy (FTIR)

4473, Fire tests — Open calorimétry — Measurement of the rate of production of heat ang
Licts for fires of up to 40 MW

EC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of uf
urement (GUM: 1995)

Terms and definitions

he purposesof this document, the definitions given in ISO 13943 apply.

Principle

5 to be used
large-scale
b) and open

e gases and

19702.

ent and are
For undated
es.

sing Fourier

| combustion

certainty in

By using the on-line FTIR technique, it is possible to simultaneously measure the time resolved
concentration of several gases during a fire test.

The practical measurement procedure is to continuously extract a fraction of the effluents from the
exhaust duct (the most common application) from the opening of the test room or, alternatively, from
a position in the vicinity of a test object through a heated sampling system and into a heated optical
cell. There, the specific absorption patterns of infrared-active species are recorded by a detector.
This information is subsequently presented as an absorption spectrum that is used to determine
the concentrations of effluent components. The frequency of collection of absorption spectra, the

1) To be published. (Revision of ISO 19702:2006)
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characteristics of the flow in the exhaust duct (if applicable), and the residence time and flow pattern in
the optical cell determine the time resolution of the measurements.

NOTE FTIR is based on infrared absorption. Polyatomic and heteronuclear diatomic compounds have
absorption in the infrared region. Specific to FTIR is conversion of regular irradiance from a broad band infrared
source into interfered irradiance by an interferometer and conversion of the recorded interferogram into
a conventional wavelength spectrum. The main advantage of the FTIR technique is that information from all
spectral elements is measured simultaneously and another advantage is that the measurement is made with a
high optical throughput giving a high signal to noise ratio. See ISO 19702 for a more detailed background on FTIR

theory.

5 Gas sampling system

5.1 Gene

The gas samipling system consists of a probe for sampling fire effluent gases, a filter system for rem

particulates
a pump for
heated to ay

A temperatt

The temper
increasing 3
act as a cong

NOTE1 It
set-temperat

Information|

NOTE2 M

ral

from the sampled gas, sampling tubing for transporting the gas to the ‘FTIR gas cell
lrawing the gas. The parts of the sampling system placed before the ETIR gas cell sh{
oid condensation and losses of certain water soluble compounds (é:g. HCI).

re of the sampling system between 150 °C to 190 °C shall beused (see ISO 19702).

hture throughout the heated part of the sampling systennshall be homogeneous or sli
long the sampling system from the probe to the gas cell to avoid any cold points that
lensation point for water and soluble gases.

s important that the gas in the sampling system is heated to a temperature as close as possible
ire of the sampling system. Procedures for checking the gas temperature are given in ISO 197

on delay and response time of the overall'system is necessary and shall be reported.

ethod for determination of the responseland transport time of the measurement system is giy

ISO 19702. B
from the roo

NOTE3 T
(see 1SO 9704

5.2 Gass

5.2.1 San|

In enclosursg
sampling pg

L

psides the transport time from the gas.sampling probe to the gas cell, there is also a transport
to the gas sampling probe.

response and delay time cai-be obtained at the same time as burner calibrations are perfo
). It also allows an overall.eheck of the system.

ampling probe

Ipling position

b tests, the normal sampling position is in the duct of the smoke collection system.
sition.represents cooled and diluted fire effluents.

NOTE 1

Tl|1is sampling position is preferred in many cases as matrix effects from the fire effluent

ving
and
11 be

shtly

rould

fo the
2.

ren in
time

rmed

This

S are

minimized by the dilution. A further advantage 1s that when Iire eifluents are quantitatively collected with the

hood system,

NOTE 2

the production of toxic gases can be quantitatively measured.

of the fire effluents can result in concentrations below practical detection limits.

In the early stages of an enclosure fire or when sampling from a small fire in an enclosure, the dilution

An alternative sampling position in an enclosure test, which can be preferred in certain cases, is in the
top of the doorway (i.e. sampling from the undiluted out-flowing fire effluents).

NOTE 3

For sampling from the doorway, it is important to ascertain that a representative sample is taken over

the out-flowing area. It is further important to consider that hot fire gases sampled from the opening might not be
sufficiently oxidized and will continue to react outside of the opening.

NOTE4  For quantitative measurement of toxic gas production, the flow rate out from the room has to be
quantified.
2 © IS0 2015 - All rights reserved
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Another alternative sampling position in an enclosure test is at various local positions within the
enclosure.

NOTES5  The results from measurements at specific positions within an enclosure are, however, only relevant
for the specific test scenario.

In open tests where the fire effluents are collected by a hood/smoke gas collection system, the normal
sampling position is in the duct of the smoke collection system.

Alternative sampling positions in open tests are at various local positions in the vicinity of the fire.

NOTE 6

The results from point measurements in the vicinity of the fire are, however, only rel

evant for the

speci

5.2.2
The §
The

fic test scenario.

Exhaust duct sampling application
bas sampling probe shall extract a representative sample of gases from theexhaust du

brobe shall be mounted at a position in the smoke gas duct where the diluted fire ¢

Ct.

ffluents are

unifgrmly mixed.
NOTHE 1  This is normally the case at a distance of 5 diameters to 10 diameters from the bend of the duct after
the collection hood.
NOTE 2  Asuitable probe construction and arrangement for the ISO 9705 test is shown in Figure 1|(information
on prjobe positioning is available in ISO 9705, Annex E).
NOTHE 3  General information on sampling probes for FTIR“imeasurement is available in ISO 19703.
Dimensions in mm
1
50 | 50
]l 10 10
|
Y i N
|
: |
Y |
A —— [— — {00¢ —
A I Ii I
2 | 3
|
|
\;—/
Key
1 exhaustduct
2 16 @ 2 mm holes on downstream side of flow
3 15 @ 3 mm holes on downstream side of flow
4  connection to the sampling line

Figure 1 — Gas sampling probe for the ISO 9705 room exhaust duct

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=403996cef08440335a6b1a3268452351

ISO 16405

:2015(E)

5.2.3 Alternative sampling applications

When sampling directly from poorly mixed and inhomogeneous fire gases (for example, in the door

opening of a

NOTE 1

test enclosure), one shall ascertain representative sampling.

The flow patterns through the opening of a test enclosure are complicated and it varies during the

course of a fire test. Typically, the upper part of the exit flow is well-mixed but this is surrounded by a relatively
slow-moving boundary layer between effluent and air that can be partly diluted by the incoming air. Ideally, it is
useful to observe the flow shape and characteristics for the particular test before selecting a probe type and its

position in th

e effluent stream. It is likely that a multi-hole probe will be necessary.

One method to accomplish representative sampling is to use a multi-hole probe with gradation of hole

sizes along 4

NOTE 2
to measurem
placed at the
of the doorw.

A simpler b
opening, thg

Measureme
used in ordd

NOTE 3

The
fire intensitﬂlband the position of the neutral plane stabilises first dt\‘steady-state” where the fire grov

relatively st
rate).

NOTE 4
or more adv
directly meaf
and the ofter
direction to ]

NOTE 5
and outside 4
from the inco
can be found

Table 1

An example of a suitable multi-hole probe is given in Table 1. This probe has been successfully af
ents taken in the door of the ISO 9705 room, where the top of the probe (closest to/the’pump)) was

The exit flow can be measured using traditional velocity probes such as pitot tubes, McCaffrey pi

An alternative method is to calculate-the exit flow based on the pressure difference between the

top of the ISO 9705 door and the probe traversed the door diagonally, finishing 30 Chrbelow tH
hy.[3]

it less precise method is to place a single-port probe in a well-miged location; in a

ht of the volumetric exit flow rate from a door opening is necessary whatever probe ty
r to convert measured concentrations to total flow of gas species out from the test enclo

exit flow in enclosure fire tests varies during a test. The rate of the exit flow grows with incre|

le (e.g. due to ventilation control of burning rate rather than fuel involvement control of bu

hinced optical methods such as particle image! velocimetry. It is, however, not always possil
ure the exit flow using velocity probes as thepressure difference over the opening is relatively
turbulent outflows in the opening haye-velocity components in directions other than the n
he exit plane.

nd the height of the neutral-plane (i.e. a virtual horizontal plane separating the outgoing eff
ming air) in the stratified ease. An example of this method is given in Reference [4] and more d
in Reference [5].

- Example of a probe suitable for sampling fire gases from the door of the ISO 97
room

Probe characteristicsa

he length of the probe and to place the probe such that it crosses the fire gases monitgred.

plied

e top

door

probe shall be placed in the relatively well-mixed upper layers of the out-flowing efflyents.

pe is
sure.

asing
yth is
rning

obes,
ble to
small
rmal

room
luent
ptails

D5

Hole number Hole diameter
mm
1 (closest to end) =

2 3,2

3 2,5

4 2.1

3 1,8

6 1,6

7 (closest to pump) 15

a  This probe has an internal diameter of 6 mm and the holes are placed 10 cm apart. The

end of the probe is sealed.

This probe is placed such that it crosses the top of the door opening with the lowermost hole,
30 cm below the top of the door. The holes are facing downstream from the fire gases.

© ISO 2015 - All rights reserved
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5.3 Filter
A heated filter shall be placed directly after the probe to remove soot and other particulates.

NOTE1 This is necessary as soot, otherwise, might accumulate in the sampling tubing and obstruct the
sampling flow. It is further necessary to remove any particulates before entering the gas cell where mirrors and
windows can become contaminated with a reduced optical throughput of the instrument as a result.

The type of filter recommended is a high capacity cylindrical filter.

NOTE 2  The choice of filter porosity and filter area is often a compromise. A fine porosity gives a high degree
of soot removal but often leads to relatively fast blocking of the filter. A large filter area increases the capacity of
the fifter but can increase [0sses of e.g. HCI In the filter (possibly due to insufficient heating of the [rger filter or
due tp the faster saturation behaviour of a smaller filter).

NOTE 3  Details on the selection of filters are given in ISO 19702.
The filter characteristics shall be reported (see Clause 9).
The filter housing shall be heated to atleast 150 °C (the maximum is 190 2€).

The filters shall be analysed for the presence of acid gases if these are to’be measured and |osses in the
filter] can be expected.

NOTHE 4  ISO 19702 provides information for the analysis procedute,

5.4 | Tubing

Tubing for transportation of the sampled gas to the gas cell of the FTIR shall be made of a pon-reactive
heat fresistant material.

be ke¢pt as short as practically possible (by preference less than 3 m but lengths of up to L0 m can be

Samiling tubing made of PTFE with an internal’'diameter of 3 mm to 4 mm is suitable. The|length shall
d in some installations).

nee
The tubing shall be maintained at a.constant temperature of at least 150 °C (the maximum |s 190 °C).

Iflong sampling lines (longer than 3 m) are used, a consequence analysis should be done and|information
on tHe increase of delay timé should be given in the report.

NOTE 3  Ifthere are hotspots in the sampling system, PTFE can distort. ISO 19702 provides mor¢ information.

5.5 | Pump

The pump shalltransport the sampled gases through the FTIR gas cell preferable at a congtant volume
flow[rate during the fire test. The required volume flow rate depends on the volume of the{gas cell and
of the¢ désired time resolution of the measurement.

NOTE1 Therequired flow rate of the combustion gases drawn into the system must be high enough to achieve
the desired time to 90 percent response. This is a function of the flow rate and the internal volumes of the filters,
tubing, and gas cell. See ISO 19702 for the procedure to determine response times.

The pump can be positioned before or after the FTIR gas cell.
NOTE 2  Positioning of the pump after the gas cell and letting the pump pull the gases through the cell is the
most common technical solution. The advantage is that an unheated pump can be used (removal of water before

the fire effluent gases entering the pump is, however, often necessary). The disadvantage is that the pressure in
the gas cell can be affected by the pump.

© IS0 2015 - All rights reserved 5
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For a pump positioned after the gas cell, the pressure in the FTIR gas cell shall be monitored and the
pump speed should be adjusted, if needed, to keep a constant pressure. If this is not possible, corrections
of the results shall be made based on the pressure measurement in the cell.

NOTE 3  Positioning of the pump before the gas cell and letting the pump push the gases through the cell is a
possible technical solution. This requires a specially designed heated pump (>150 °C, max 190 °C) and a thorough
investigation of possible risks for losses in the pump. The advantage is that the pressure is maintained constant
in the gas cell as it works against the atmosphere. The risk of dilution of the sample gas from any leakages in the
sampling system is further reduced.

NOTE 4
at the cell.

Pulsation of pressure at the outlet of the pump positioned before the gas cell can affect the measurement

NOTE 5 TlLe high flow rate in the fire effluent duct of the large-scale and simulated real-scale fire testss¢ts no

practical uppler restriction on the pump flow rate for the FTIR measurements.

6 FTIR instrument

6.1 Genefal

The main p4
resistant m

processing ynit and software for spectral evaluation are also vital papts’of the instrumentation.

Since the m¢
FTIR instru

6.2 Gasc

The gas cell
length that 4

NOTE 1
volumes of b
the cell deter]

choice of patH
and 10 m.

NOTE2  Fqg
larger cell vo
be met as the

NOTE3 IS
performance

The gas cell

The volume of the gas cell determinés to a large extent the response time of the measuremen

irts of an FTIR instrument suitable for measurements of fire gases are a heated corro
nlti-path gas cell, an IR source, a spectrometer, and a detéctor. A data acquisition

pasurements are performed in a large-scale or simulated real-scale fire test, stability g
ment should be ensured (i.e. protection against e.gcheat, vibration, extinguishing medj

ell

shall have an internal volume that gives an acceptable response time and an optical
llows acceptable detection limits.

btween 0,2 dm3 and 2,0 dm3 have successfully been used for fire testing. The optical path len
mines the strength of the signal measured by the detector (c.f. Lambert-Beer’s law). The po
length varies with different cells (make and volume), but normal path lengths used are betweg

r the large-scale applications that are covered in this International Standard, it is possible to
ume and a longer{path length from the ranges given in Note 1. An acceptable response time ca
re generally aréno restrictions in sampling flow rate in large-scale applications.

shall.be heated to a minimum of 150°C.

sion-
and

f the
a).

path

. Cell
rth of
5sible
n 2 m

use a
n still

D 19702 gives detailed guidance on gas cell construction and considerations for optical cell

NOTE 4
at higher tem

peratures.

Both the temperature and pressure in the cell shall be monitored throughout the fire test.

Recommended maximum cell temperature is 190 °C as fittings and gaskets can be degraded over time

Itis important that both the cell pressure and temperature are kept constant as this affects the intensity
and shape of the spectra. If the temperature or pressure in the cell during measurements in a fire test
cannot be maintained at the same value as those used when collecting calibration spectra, then a
correction should be made for this difference when calculating species concentrations. This correction
can be made using the universal gas law. However, the correction is valid only for limited variation in
pressure and temperature. This correction might not be completely effective in every case due to non-
linear changes in the shape of spectra with pressure and temperature. More information is available in
ISO 19702.

© ISO 2015 - All rights reserved
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The gas cell shall be well maintained to keep the optical performance.

6.3 Spectrometer parameters
A suitable resolution of the spectrometer is between 0,5 cm-1 and 4 cm-1.

NOTE1 The advantage of a higher resolution (i.e. alower cm-1 value) is that more of the spectral fine structure
isresolved. However, a scan at a higher resolution takes more time. It is further advantageous to average a number
of scans for each spectrum, as the noise is reduced as a function of measurement time (the noise is inversely
proportional to the square root of the number of scans). The scanning time (and noise level) varies for different
FTIR instruments and the specific settings have thus to be individually made for each type of instrument to

achi" raanauah cancitivity and o cotic i g tion racolibl o
Cpv< \'AAUMBAA JCITITCTV A\.J oot o JMLAJAJ lllb CITIITC T OCIJUTOCTOUTT.

NOTE 2 A resolution of 0,5 cm1 is recommended for elimination of interferences in fire.gas ahalysis. More
information is available in ISO 19702.

The $pectral range of the measurement determines the amount of informatien.acquired| In order to
collert information of all compounds that are generally of interest in a fire test, a wave nymber range
from|4 500 cm-1 to 650 cm-1 is appropriate.

NOTHE 3 A collection rate of a minimum 4 spectra/min is recommended, in.erder to capture the|dynamic fire
behayiour of e.g. a room-fire.

NOTHE 4  Depending on the desired output from the fire test, 4 spectra/min might not be sufficignt to capture
peak|values and an integrated area, reflective of the total yield of key gases. The fire stages of sonje room-scale
fire tests might last only 3 min or less and might need a higher cellection rate of spectra.

6.4 | Detector

Guidpnce on type of detectors shall follow ISO 19702.

7 Measurement

7.1 | Requirements

To make quantitative measurements of fire effluent gases, special calibration of the instrument is
manglatory. Calibration has te-be made for the gaseous species that are to be measured. Calibration shall
additionally be made for-species interfering in the spectra which, mostimportantly, are water (H20) and
carbpn dioxide (CO3),

7.2 | Calibration

Calibrationshall be made with the same settings of the instrument and the same physical copditions (i.e.
cell gressure and cell temperature) that will be present during fire test measurements.

The hetrhancoanfa agacchawe inmactcacac ananlingarrolatinnchinagqinct cancaontrating in ractlcal
aABSerBaee- a5 SHOW S HHROSHEASe S5 Ho-Hheadr Fe o RSHHpafHRSteoRce R Hot

FTIR measurements. The calibration curve shall thus be based on several data points.

Detailed recommendations and procedures for calibration are given in ISO 19702.

7.3 Test procedure

The measurement shall be made with the same settings of the instrument and the same physical
conditions (i.e. cell pressure and cell temperature) that were present during calibration.

An appropriate test procedure is as follows.
— Change to a clean filter in the sampling system.

— Ensure that all parts of the sampling system have stabilised at the desired temperature (2150 °C).

© IS0 2015 - All rights reserved 7


https://standardsiso.com/api/?name=403996cef08440335a6b1a3268452351

ISO 16405:2015(E)

8

Ensure that the temperature of the FTIR gas cell is stable at the desired temperature (=150 °C).
Record a reference spectrum with Ny flushed through the gas cell.

Start the pump of the sampling system. For systems where the sampling pump is run continuously,
change the line from purging system to the line from the gas sampling probe.

Start the on-line data acquisition software of the FTIR instrument at the starting point of the fire
test or at a defined earlier time to record a baseline. Collect averaged FTIR spectra at a minimum
frequency of one averaged spectrum per 15 s.

Record the gas cell temperature and pressure during the test.

Make nptes of important occurrences in the fire test such as ignition, flash-over, and any“pther
events that influence the production and collection of fire effluent gases.

Stop th¢ on-line data acquisition software of the FTIR instrument at the end point of the fire t¢st.

Stop th¢ pump of the sampling system. For systems where the sampling pump/is Tun continuqusly,
change the line from gas sampling probe to the line of purging system.

Flush the gas cell with nitrogen to clean the cell.

Store the data safely.

Analysis of spectra

Analysis of §moke gas spectra is necessary for extracting quantitative data of the gas species calibrated
for. The anglysis of a spectrum could be based on peak height or the area of a limited region df the
spectrum. If is advisable to avoid regions where other gases overlap, if possible. A calculation routne is
used to simplify the analysis. There are a number of possible mathematical methods that can be usqd for

the analysis| It is beyond the scope of this International Standard to describe these methods.

More detail$ can be found in ISO 19702.

9

The report ghall include the following for each gas measured.

Expression of results

Calculated concentratiofisjas measured in the gases from the exhaust duct can be presented as|time
dependént concentrations in microliter/litre or as integrated values.

As concpntrationsiih the gases from the exhaust duct are directly dependent on the mass flow rate
in the exkhaustssystem, a more general way is to express time dependent results as gas produgtion
rates in|g/s¢

Total prnr]nrfinn ofanch gnc (bunicallu ranartad in ynite nf o) Thic ic Ahtainad hy intaagratinn over
Tt Teportea ot T o-ootae ooy et ST T CIOTY

1
oo T O Ottt goo (v y pPreTiity IO Ot 5 T ot

the relevant time period.

Total yield of each gas (typically reported in units of g/g). This can be calculated when the total
mass loss of the test specimen is known.

Detailed information on the characteristics of the whole measuring system (see ISO 19702).
Such information will include e.g. delay time, response time, filter information, detection limits,
measuring range, calibration routines and results, reference spectra, and information about analysis
procedures.

An uncertainty analysis of the measurements. Guidance can be found in ISO/IEC Guide 98-3.

© ISO 2015 - All rights reserved
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Calculation procedures are given in Annex A.

NOTE More guidance, detailed information, and examples on calculation of yields and equivalence ratios can
be found in ISO 19703.

© IS0 2015 - All rights reserved 9
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:2015(E)

Annex A
(normative)

Calculation

A.1 Volume flow

For the inst]
exhaust dud

ambient ten

V298 =
where

Ts i9

To i9

Ap s

p298 i

(1

Po 1§

A i

ke i

kp ig

a

h

22,59 ig

Formula (A.

by the temp

if the air density at 0 °C and 0,1 MPa, expressed in kilograms per cubic metre (kg m-3);

the exhaust duct;

umentation in the duct described in ISO 9705, Annex E or [SO 24473, the volume flow-
t, V,9g, expressed in cubic metres per second, related to atmospheric pressure an

jperature of 25 °C, is given by Formula (A.1).

i 1
Ak, /kp)p—(ZApTo po /TY? =22,59 (Aky /ky)(Ap/T)M?
298

the gas temperature in the exhaust duct, expressed in Kelvid (K);

273,15 K;

the air density at 25 °C and atmospheric pressure, expressed in kilograms per cubic
kg m-3);

the cross-sectional area of exhaustduct, expressed in square metres (m2);

the ratio of the average mass.flow per unit area to mass flow per unit area in the cent

the Reynolds number-correction for the bi-directional probe suggested by McCaffrey
hd Heskestad. In theexhaust, duct conditions are such that Re is usually larger than 3
ence, kp can be taken as constant and equal to 1,08;

a factor basédon pp9g = 1,168 4 kg:'m-3 and pg = 1,275 3 kg:m-3 (m1-5-K0.5-kg-0.5).

1) assumes that density changes in the combustion gases (related to air) are caused {
erature increase. Corrections due to a changed chemical composition or humidity co

the pressure difference measured by the bi-directional probe, expressed in Pascal (P4);

n the
d an

(A.1)

e
<

etre

e of

B00

olely
htent

may be ignd

red except in studies of the extinguishment process with water. The calibration con

stant

k¢ is determ

ned by measuring the temperature and 11ow prof1ile inside the exnaust duct along a c

0SS-

sectional diameter. Several series of measurements shall be made with representative mass flows and
with both warm and cold gas flows. The difference between different measurements when determining

the k¢ factor

shall not exceed +3 %.

A.2 Combustion gases

By measuring the mole fraction of a specified gas in the collection duct or in the doorway of a room
test, it is possible to calculate the instantaneous rate of gas flow and the total production of the gas. The
calculations for measurements made in the collection duct of an open calorimetry tests are equivalent.

10
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