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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.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Petroleum and related products — Determination of spray
ignition characteristics of fire-resistant fluids —

Part 2:
Spray test — Stabilised flame heat release method

W,

This document does not purport to address all of the safety problems associated w

NING — Use of this document can involve hazardous materials, operations and

equipment.

kh its use.

It is the responsibility of users of this standard to ensure appropriate measures to [safeguard
the| health and safety of personnel prior to application of the standard, and‘to determine the
applicability of any other restrictions.

1 [Scope

This document specifies a method by which the fire hazards of pressurised sprays of firfe-resistant
fluifls can be compared. Two sizes of propane flame are used tg,ighite and stabilise combustion of an
air-ptomised release of fluid. Measurements related to the fate of heat release, length of|flame and
denfsity of smoke give quantitative information on the fire behaviour of the fluid.

2 [Normative references

The following documents are referred to in thé text in such a way that some or all of thpir content
conptitutes requirements of this document.-Eor dated references, only the edition cited dpplies. For
undated references, the latest edition of thebeferenced document (including any amendmengs) applies.
ISO[3170, Petroleum liquids — Manualsampling

[SO[3696:1987, Water for analytical laboratory use — Specification and test methods

[SO[9162, Petroleum products\— Fuels (class F) — Liquefied petroleum gases — Specifications
IEC|60584-1, Thermocouples — Part 1: EMF specifications and tolerances

3 |Terms and'definitions

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

[SO|and [E€ maintain terminological databases for use in standardization at the following addresses:
— ALiso.org/obn

— IEC Electropedia: available at http://www.electropedia.org/

3.1

stabilised spray flame
point at which the rate of energy release, flame length and other combustion properties, are steady as a
function of time, so that sensible time-averaged values can be calculated

3.2

flame length
distance in millimetres from the vertical centre line of the gas burner to the furthest downstream point
reached by the visible flame

© ISO 2018 - All rights reserved
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3.3
flame length index
function of the flame length and propane flow rate corrected to the nearest integer

3.4
ignitability factor
function of heat release at a specific propane flow rate corrected to the nearest integer

3.5
smoke density
function of smoke opacity in the flue pipe measured before and after introduction of the test fluid

Note 1 to er]try: See ISO 5659-2:2017, 3.8.

4 Pringiple

A pre-conditioned flow of the test fluid is delivered to a test chamber through a gwin-fluid atom

Ser.

Compressdd air, supplied to the nozzle at a controlled rate, is used to produce an atemised spray, which

is exposed|to a defined flame of a gas burner present throughout the test. As arésult of heat input
steady ratg from the gas flame, a stabilised spray flame (3.1) is produced so that combustion proper
such as therate of energy release, flame length, (3.2) and smoke production(3.5) are sufficiently ste
over time to allow time-averaged values to be measured.

Temperatures are measured both at the entry to the combustionichamber and in the exhaust, V
the burner{operating first without, and then with, release of the.test fluid. The flame length (3.2)
smoke opality of the exhaust can be measured. Calculations_of functions, such as flame length in
(3.3) ignitgbility factor (3.4) and smoke density (3.5) arexmade from these measurements. A sys
for ranking the performance of fire-resistant fluids based upon these measurements and compy
performanice indices is proposed.

5 Reagents and materials

5.1 Propane, high purity (minimum 98-%}) grade, conforming to the requirements of ISO 9162.
5.2 Nitr¢gen, oxygen-free, commereial grade.

5.3 Compressed air.

5.4 Watgr, conforming+o the requirements of grade 3 of ISO 3696:1987.

5.5 Monp ethylenée glycol, laboratory grade (98 % purity).

at a
ies,
ady

vith
and
dex
tem
ted

5.6 A solyent compatible with the tested fluid, laboratory grade.
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6 Apparatus
6.1 Testinstallation

6.1.1 General
The major components of the installation are described in 6.1.2 to 6.1.6.

Figure 1 gives a general layout of the test installation.

15
opqe-—13 12 1 1}0
4 5

6
7
8

Key

1 combustion chamber 9" air flow

2 atomiser 10 air entry thermocouple (Taz, Taz)

3 anemometer 11 flame length measurement

4 burner 12 exhaust gas thermocouple (Tp, Tgx)

5 cowling 13 smoke opacimeter

6 propane input 14  air injection to jet pump

7 atomisingair input 15 exhaust

8 fluidiinput

Figure 1 — General view of installation
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Figure 2 shows a schematic diagram of a suggested layout of the test equipment detailing the different
input streams to the combustion chamber and exhaust duct. In this Figure A, B and C respectively refer
to the propane, air and fluid delivery streams.

Key

AN 1AW N

T3
T4
T5

1

~ 11— 0
V5
SO
jet purhp Pl pressure gauge 0 MPa to 2,5 MPa
atomiger p2 pressure gauge 0 MPa to 27,6 MPa
pilot burner P3 pressure gauge 0 MPa to 2,5 MPa
inducegd air input 1,3 m/§t¢*1,5 m/s P4 pressure gauge 0 MPa to 0,6 MPa
mixing chamber P5 pressure gauge 0 MPa to 0,2 MPa
test flyid 13 °C to.25°C F1 liquid flow meter 90 ml/min * 0,5 ml/min
drain F2 variable area flow meter or equivalent 0,4 Nm3/h to
3,0 Nm3/h
. . 3
airin 3 Yafliblg area flow meter or equivalent 0,1 Nm /}r to
U,0 INIII= /11
fluid thermocouple V1-7 shut-off valves
atomising air thermocouple V8-V11  pressure regulators
propane gas thermocouple V12-V14 flow control valves
fluid filter
Figure 2 — Schematic diagram of suggested test rig layout
© IS0 2018 - All rights reserved
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6.1.2 Combustion chamber

This shall be fabricated from steel sheet, 8 mm thick, of square cross-section with internal dimensions
of (2000 +5) mm x (490 £ 5) mm x (490 + 5) mm. The inner and outer surfaces shall be painted with
black heat-resistant paint. A clear window of heat-resistant glass, 8,5 mm thick, shall be located in one
side of the chamber. The glass shall be (1 920 * 10) mm x (525 = 10) mm providing an open area of the
window of (1 880 + 10) mm x (480 *+ 10) mm. The window is hinged from below to allow access to the
chamber. The window shall be clamped shut during use and sealed with mineral fibre tape to avoid
ingress of air (see Figure 3).

Dimensions in millimetres

3 5
// w A
,,,,,,,,, &g of | =~

2250

1400 +10 750 +10 2000 + 5

Key

1 combustion chaniber 6 anemometer

2 contraction 7  propane gas thermocouple
3 flue pipe 8  atomising air thermocouple
4 exhaustgas thermocouple 9  fluid inlet pipe

5 | ambient air thermocouple B end of fluid delivery nozzle

Figure 3 — Combustion chamber and exhaust system

6.1.3 Extraction system

The combustion chamber exit (Figure 3) shall be connected to a contraction fabricated from steel sheet
1 mm thick, providing a transition from the square to a circular cross-section with an internal diameter
of 250 mm + 4 mm. This contraction, 750 mm * 10 mm long, connected to a horizontal section of flue
pipe 1400 mm * 10 mm in length that in turn may be connected to further exhaust ducting or a clearing
system that shall be designed to provide stable conditions in the combustion chamber during a test.

© IS0 2018 - All rights reserved 5
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The air flow, through the chamber, is produced by a jet pump mounted in the exhaust duct producing
an air velocity of 1,4 m/s + 0,1 m/s measured 50 mm * 2 mm inside the open end of the combustion
chamber inlet, and 200 mm * 5 mm along the entry plane diagonal from one upper corner of the test
chamber (Figure 3). The temperature of the air entering the chamber shall be sufficiently constant
within the range 10 °C to 25 °C, such that the temperature variation over a period of 30 s shall not
exceed 1 °C. The relative humidity of the air shall lie between 40 % and 80 %.

6.1.4 Spray delivery system

6.1.4.1 Reservoir

‘nal
sed

The fluid yolume flow rate can be measured with a suitable flowmeter_and’controlled to 90
min * 0,5 ml/min by means of a needle valve or other equivalent device."The fluid temperatun
maintained between 10 °C and 25 °C, and measured by a thermocouplelocated immediately before

ml/
e is
the

fluid nozzl
diameter @

downstream of the valve. A standard oil filter can be incorporatediin the line.

6.1.4.3 G

Compresssg
steady floy
with a var

b, The fluid is delivered to the atomiser) through nylon andyor steel piping with an inte
f 75 mm + 2,5 mm, rated at 2 MPa and the flowmeter §hall be located 350 mm * 150

ompressed air

d air shall be supplied via a suitable meshfilter to remove droplets and particulates,
 rate of 1,92 Nm3/h + 0,05 Nm3/h at a pressure of 0,2 MPa. The flow rate shall be measu
able area flowmeter or other equivalenit device having a range of 0,4 Nm3/h to 3,0 Nm

rnal
mm

At a
red
B /h,

located 3 300 mm = 500 mm before the sprayjet at a pressure of 0,2 MPa, and controlled by a valve
installed dpwnstream of the flowmeter. Thé.teémperature of the atomising air shall be between 1) °C
and 25 °C.

6.1.5 Bufner system

6.1.5.1 System design

The gas bulrner, constructedof brass and illustrated in Figure 4, provides a continuous ignition soyrce
using progane (5.1) pre-mixed with air. It incorporates a nozzle, drilled to a diameter of 0,68 fnm,
and two mfixing chambers, the whole mounted rigidly on to a steel base plate of 6 mm thickness [see

the
e. If

Figure 5). The exit-of the 26 mm internal diameter mixing chamber shall be 143 mm + 1 mm below|
centre line| of the atomiser, and a distance of 42,5 mm + 1 mm downstream of the atomiser orific
required, th€burner can be manufactured from the illustration given in Figure 5.

Propane, at a minimum pressure of 0,25 MPa, shall be supplied through 4 000 mm * 1 000 mm of
flexible tubing of 6 mm * 2 mm bore, to an assembly of a pressure gauge, flowmeter and valve. Further
flexible and/or metal tubing, 2 500 mm + 500 mm in length and of a minimum bore of 6 mm, is installed
between the valve in the assembly and the gas burner.

At a controlled pressure of 0,2 MPa, the propane flow rate shall be either 0,13 Nm3/h + 0,005 Nm3/h, or
0,40 Nm3/h £ 0,005 Nm3/h, depending upon specific test requirements. The flow rate shall be measured
with a variable area flowmeter having a range of 0,10 Nm3/h to 0,50 Nm3/h and of suitable resolution.
The temperature of the propane on entering the burner shall be between 10 °C and 25 °C.

1) Body type B1/4]JB-BSS with SU12-22 manufactured by Spraying Systems Company (http://www.spray.com) is
an example of a suitable product available commerecially. This information is for the convenience of users of this part
of ISO 15029 and does not constitute an endorsement by ISO of this product.

6 © ISO 2018 - All rights reserved
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6.1.5.2 System verification

Upon installation the system shall be verified for conformity to the standard design. Annexes A
and B describe protocols for checking the control systems and flame characteristics. This should be
done at least annually or if it is suspected that the burner characteristics have changed. The burner
may be checked by sampling the flame temperature at a few selected locations and comparing the
measurements with the standard values given in Annex B. The flame characteristics can be adjusted by
positioning of the regulation collar in relation to the burner air inlet port (Figure 4).

© ISO 2018 - All rights reserved 7
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Key

B W N R

Dimensions in millimetres

1\, I ¥
,e\: /
/ l 12
1
U
/R A-A 30
1 ’ 1 A 26 +0.5
91 91
U
'R -+¥ :
;
A / | // A / g ! /
/ F = 5
4 p2 : ‘ y\%
17N 1T Q
| 10 < 1 1 v
N U 1 qfl/
2 /-
’ | V
O itk
° f —i——é
- - / "/ —
!

mixing chamber 1
mixing chamber 2
regulation collar
burner nozzle

N o G

nozzle holder with flash-back unit 9

washer 10
washer 11
sealing ring 12

Figure 4 — Propane burner

straight male adaptor
locking screw
locking screw
completed assembly
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6.1.6 Burner and atomiser mounting

6.1.6.1 Mounting

ISO 15029-2:2018(E)

The atomiser and burner assembly, on the steel base plate, is protected by a cowling fabricated from
1 mm thick sheet steel bent into the form shown in Figure 5, with a height of 300 mm * 1 mm, overall
width of 97 mm * 1 mm, and overall length of 255 mm * 1 mm. The burner shall also be protected from
the surrounding air flow by a cylindrical cowling of 87 mm * 1 mm diameter, containing a vertical slot
with an external opening of 61 mm * 2 mm on its upstream face. Three threaded supports provide a
means of elevation of this cowling, with its upper part at a distance of 37 mm * 2 mm from the horizontal

1 - =l 1ot o -
plapepassTTg I ougIT tIIe atOMISCr ax1s:

6.1/6.2 Placement

The
500

base plate is positioned on the floor of the combustion chamber with~thé atomi
mm * 5 mm downstream of the combustion chamber inlet orifice. Connections throug

platle and combustion chamber floor shall be provided for the supply of air, prgpane and test

burper and atomiser as appropriate.

ser orifice

h the base
fluid to the

Dimensions inf millimetres
9t 1 , 245 45
o7 2 A | 13252 37 %2
4 6 -
B +
i| 7 0
- - 3
" - N _..!_ ..... —_t
K -1 N
R "[ 143 +1
< / ! 11
5 N =
2 || -
35 87 11 s \HI ————————— E'-'_)j '
| AR B
i 3 AN
! £ |
| Do 6l ! 300 +1 6
\&/
X | \
% N
% | \
‘ 57 +2 ‘
L6122
Key
1  spray nozzle 4 propane burner
2 fluid supply 5 base plate
3 air supply 6 cowling

Figure 5 — Atomiser and burner system
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6.2 Instrumentation

6.2.1 Temperature sensors

Five T-type Cu-CuNi thermocouples with an outer diameter of 1,5 mm, conforming to the requirements
of IEC 60584-1, or temperature measurement devices of equivalent precision and accuracy, are
positioned as illustrated in Figure 2. The third thermocouple is positioned in the test fluid reservoir
with at least 50 mm of sheath completely immersed in the fluid, and not in contact with the vessel wall.
All the thermocouples shall be used with 0 °C reference junctions, in accordance with IEC 60584-1.
Measurement accuracy shall be 0,5 °C over the range 15 °C to 200 °C, and the temperature resolution
shall be 0,1°€

A\

The accurg
vertical of
before the

Where a c
averages o

cy of the test result is highly dependent upon the accurate positioning, particularlyin
he exhaust gas thermocouple. This shall be located with an accuracy of +0,5 mm angd cheg
commencement of each new series of tests.

bmputer is used, both this and the data acquisition system shall be capablé of calcula
Fat least 100 values of each temperature measured over 120 s. Where manual data collec

the
ked

[ing
[ion

is employef digital temperature readouts should be used with an accuracy of +0;1 °C.

6.2.2 Anpmometer

The air floy
vane diam

v velocity in the combustion chamber is measured using arotating vane anemometer with a
bter of 95 mm * 30 mm located as illustrated in Figure 2 {including section A).

6.2.3 Humidity sensors

The relativj the

beginning

e humidity of the incoming air used in each testseries shall be measured and recorded at
hnd end of each day of testing.

6.2.4 Flame length scale

A linear sc d to

the combu

hle of at least 1 m in length, witli a'resolution of no greater than 10 mm, shall be attache
stion chamber side window.

6.2.5 Smoke meter

A white light obscuration smoeke-opacity meter, using an illuminated beam of 20 mm * 5 mm diamg
is mounted 625 mm * 125 mhi downstream of the contraction in the flue pipe. The arrangement s
not reduce|light transmission by soot deposits by more than 5 %?2).

ter,
hall

6.2.6 Calibration of'instruments

6.2.6.1 Temperature sensors: all the temperature sensors shall be calibrated in accordance with

relevant standard

6.2.6.2 Smoke meter: the output of the smoke meter shall be calibrated before and after using at least
three neutral density filters inserted in the light beam, giving 25 %, 50 % and 75 % light obscuration use.
Observed readings shall be corrected for deviations in linearity.

6.2.6.3 Other meters: flowmeters and the anemometer shall be calibrated according to the
manufacturer’s recommendations or at least annually by means traceable to a relevant standard, and the
appropriate corrections made to observed readings.

2) Asuitable instrument is the DIN 50055 White Light Smoke Measurement System manufactured by Fire Testing
Technology of East Grinstead, UK. This information is given for the convenience of users of this document and does
not constitute and endorsement by ISO. Equivalent products may be used if they can be shown to lead to the same
results.

10 © ISO 2018 - All rights reserved
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6.2.6.4 Humidity sensor: the relative humidity sensor should be calibrated according to the
manufacturer’s recommendations and appropriate corrections shall be applied to all observed readings.

6.2.6.5 Test apparatus: prior to each new series of tests, the entire test apparatus shall be calibrated
for ignitability factor by the procedure described in Annex C and corrected values used for reporting, as
described in 10.1. It is important that any changes in the measured ignitability factor values obtained
with the calibration fluids be investigated to ensure that the test apparatus has not been subject to
modification and conforms to the requirements of this document.

If calibration test values differ significantly from those previously obtained, then the calibration of

3 d i | 1 b L £l de Y 1 111 - |
1n vIiUudl CULIIPDULICTIILS (C. 5. TIUWIIITLCT S J S11dIT DT TAAIITITIICU.

7 |Sampling and sample preparation

7.1 Unless otherwise specified, samples of at least 5 | shall be obtained-lin.accordande with the
profedures described in ISO 3170.

7.2| Store samples in sealed containers at a temperature between 10:%€"to 30 °C under clean and dry
conditions. After removing a sample immediately re-seal the contdiner to minimise any mgqisture loss
or dain.

7.3| Mixthe sample by shaking or stirring and examine for.cldrity and contamination before tfansferring
the [test portion to the conditioning beaker. If phase separation and/or particulate are observed, discard
the fsample.

7.4| For water-based fluids, such as those in categories HFAE or HFAS (as classified in IS0 6743-4),
prepare the concentrate with water (5.4) within® h of the start of the test.

8 |Apparatus preparation

8.1| Turn off the propane supply and thoroughly clean the apparatus in preparation for each test, in the
mainer described in 8.2 to 8.6:

8.2] Remove any traces of previous sample by draining the reservoir, pipework and flowmeter by
megns of disconnecting-arifices at the various lowest points. Re-connect these orifices.

8.3| Clean thefinternal surfaces of the reservoir with 500 ml of solvent appropriate to the sample
preyiously used.

8.4| Opén the valve in the fluid supply circuit and pressurise the reservoir with nitrogen. Allow at least
250 mbof liquid to be expelled through the atomiser. Close the valve and de-pressurise. Drain the fluid/
solvent at the atomiser orifice. Repeat the procedure given in 8.2.

8.5 Remove any further traces of solvent in the apparatus by evaporation or careful wiping with a lint-
free cloth.

8.6 Place 500 ml of the new test fluid in the reservoir and repeat the procedure given in 8.4. If the new
fluid is in the same category and quality as that last tested, repeat this operation twice. If the new fluid is
a different category or quality, repeat the operation at least three times.

© ISO 2018 - All rights reserved 11
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9 Procedure
9.1 Measurements at a propane flow rate of 0,13 Nm3/h

9.1.1 Place 1 500 ml of sample into a 2 000 ml glass beaker and heat or cool as appropriate to the test
temperature (10 °C to 25 °C), stirring to maintain homogeneity.

When the fluid is supplied as a concentrate it should first be diluted with distilled or deionised water as
recommended by the manufacturer or supplier and 1 500 ml of the diluted fluid placed in the reservoir.

9.1.2 Poyr the test portion into the reservoir of the apparatus and pressurise the reservoir €o|the
pressure established for the specified flow rate. Pass fluid through the atomiser, without atomising air,
combustion chamber air or burner propane, until at least 200 ml of fluid has been collected at the atomjfiser
exit. Check|that the flow has been steady, that there are no air bubbles in the delivery and thatthe flujd is
free of confaminant. Initial releases will be carried out to establish the pressure required-to provide|the
specified flpw. This will normally be about 1 MPa, the flow can be adjusted using the needle valve.

9.1.3 The fluid delivery rate at the nozzle should be checked by collecting fluid-ih a suitably gradugted
container ¢ver a measured time; the volume and time for collection taking“into account the accufacy
required. If necessary, adjust the flow control valve until the flow rate is within the specified limits. Inftial
releases will be carried out to establish the pressure required to pro¥ide the specified flow. This fwill
normally be about 1 MPa, the flow can be adjusted using the needle yalve.

9.1.4 In prder to ensure test parameters are within the spécified limits, measure and record fluid
temperatufe, air inlet temperature and atmospheric humidity.

9.1.5 Setlthe air flow rate through the combustion chafiber to obtain an air velocity of 1,4 m/s + 0,1 m/s.
Record the|value and also the ambient relative humidity.

9.1.6 Igniite the propane burner and adjust.the propane flow rate to 0,130 Nm3/h + 0,005 Nm3/h.
9.1.7 Ad]ust the atomising air to a flow.rate of 1,92 Nm3/h + 0,05 Nm3/h.

9.1.8 Mepsure and record the light' obscuration from the smoke meter under steady conditions before
the test fldid is introduced into.the chamber, Vy, as the average of at least four readings taken over a
period of 60 s.

9.1.9 With the glasswittdow of the combustion chamber closed, and sealed, allow conditions to stab]lise
to a point 4t which the' temperature of the exhaust gases at the chamber exit Tp and the temperaturje of
the air at the chamber inlet, T43, vary by no more than 1 °C over a period of 30 s. Record these valugds to
the nearest 0,X°€, taking the average of at least four values over a 60 s period.

9.1.10 Pass test fluid to the atomiser at the specified flow rate of 90 ml/min + 0,5 ml/min and measure
the new exhaust temperature, Tgy, at intervals of approximately 5 s, until the average of at least five
values over a period of 30 s is within 2,5 % of the average of at least five values taken in a consecutive
period of 30 s.

9.1.11 With conditions steady, take measurements of the temperature at the chamber inlet, T4z, and
the new exhaust temperature, Tgx, as the average of at least 10 measurements of each taken over a
period of 120 s.

9.1.12 Ifrequired, measure and record the flame length, Lp, as the average of at least 10 measurements
taken over a period of 120 s of steady conditions. In the case of a fluctuating flame, the length shall be the
furthest distance reached downstream instantaneously.

12 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=5cc5a97af906e7528ba277469b2001d7

ISO 15029-2:2018(E)

9.1.13 If required, measure the light obscuration from the smoke meter with the fluid test fluid flowing
as the average of at least four readings taken over the same period of 60 s and record as V1.

9.1.14 Calculate the ignitability factor, R, as outlined in Clause 10.
9.1.15 Ifrequired, calculate the flame length index, RL as outlined in Clause 10.

9.1.16 Ifrequired, calculate the smoke density, D as outlined in Clause 10.

9.1;17 1, durmmgatest; the ftuid-as beemr foundtohave amrignitabitity factorabove 56; oraflpme length
of 1¢ss than 100 mm, at a propane flow rate of 0,13 Nm3/h, it is necessary to carry out the testjat a higher
propane flow rate, as described in 9.2.1 and to report these results.

IMRORTANT — The fluid flow rate can vary during the test as the equipment (and fluid)
temperatures increase. It is therefore necessary to check the flow_rate after dvery four
determinations and, if outside the limit, then repeat the test runs as appropriate.

9.2 Measurements at a propane flow rate of 0,4 Nm3/h

9.2{1 The test conditions shall be established as indicated in 9¢1.1+'to 9.1.7 with the exception that the
propane flow rate shall now be adjusted to 0,400 Nm3/h + 0,005)Nm3/h.

9.2]2 Carry out the procedure described in 9.1.8 to 9.1.16"at the new propane flow rate.

9.3| Rejection of test data

A tgst run shall be discontinued if, during the procedure any of the test conditions are not datisfied, as
defined below:

a) [the temperature at the combustionichamber inlet is constant to within +1 °C;
b) |the atomising air flow rate is conStant at 1,92 Nm3/h + 0,05 Nm3/h;

c) [the propane flow rate is)constant at either 0,130 Nm3/h + 0,005 Nm3/h or 0,400 Nm3/h +
0,005 Nm3/h;

d) |[the test fluid flow ¥ate is constant at 90 ml/min * 0,5 ml/min;
e) |[the air velocity through the combustion chamber is constantat 1,4 m/s + 0,1 m/s;
f) |the relative humidity of the air is 40 % to 80 %j;

g) |thetemperature of the test fluid is 10 °C to 25 °C;

h) |the temperature of the atomising air at the nozzle, and of the propane, is 10 °C to 25 °C.

Testing may be resumed as soon as the conditions meet the above limits.

9.4 Repeat testing

The relatively large number of measurements required to obtain the test results are best recorded on
proforma result sheets, which may also allow space for any calculation required. Examples of pro-forma
are in Annex E.
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9.5 Number of tests

9.5.1 General

The minimum number of test determinations is set upon the basis of obtaining an ignitability factor,
RI, which is the most sensitive property being measured, within some defined limits of accuracy. The
minimum level of accuracy set is that the average of N individual Rl measurements lies within 5 % of

the true mean value obtained from an infinite sample size, with 67 % confidence.

9.5.2 Calculation

Assuming § normal distribution of measurements, the number of tests required to satisfy the condifion
specified i 9.5.1 is given by the equation:

400SN4/N RIy < 1,0 (1
where

N is the number of tests;

RIy is the average of N tests;

SN is the variance, defined by Formula (2).

SN2 =3 (RIi-RIN)? /(N - 1) (2)
where RI; ip the ith measurement of ignitability factor.

The percerftage error, 6, in the mean, RIy, of N measurements of R, is given by the equation:

§=100SN /RIN N 0.5 (3)
Where thefignitability factor is found to be within 5 % of a grade boundary, a sufficient number of tests
are required to derive a mean value ofiRI'which is accurate to within one integer. This requires:

N = SN3 (4)
Tests shall|be repeated until-this calculation is satisfied by repeating the procedure from 9.1.7.

9.5.3 Mdrginal values
When an averagésvalue of RI, obtained at a propane flow rate of 0,13 Nm3/h, lies between 35 and| 60,
and more d at

han

hart Vi/2 of these tests give individual values greater than 50, that fluid shall be re-teste
the higher propane flow rate of 0,4 Nm3/h, and the low propane flow rate results discarded. If less t
N/2 tests at the Tow propane flow rate give individual values greater than 50, then all the values are
included in the calculation of average RI.

If the average of these values is greater than or equal to 50, then this fluid shall be re-tested at the
higher flow rate. If a fluid, tested at the low propane flow rate, gives an average value of equal to or
above 50, but re-tested at the higher propane flow rate, gives an average value of below 50, the value of
RI for that fluid shall be taken as 50.

9.5.4 Conclusion

On the basis of the above considerations, the minimum number of tests required at a specified propane
flow rate is eight.
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Calculations

1 Ignitability factor

10.1.1 At propane flow rate of 0,13 Nm3/h

Calculate the uncorrected ignitability factor, RIw, at the low propane flow rate from the following

equ

ation:

whyd

Cor
des

10.

Cal
equl

Cor
des

10

10.

Cal
floy

£ Flame length-index

Rl :SOO(Tp —Thq )/[7(7}:\( _TA’))]

pre

T, isthe averaged exhaust temperature without release of the test fluid, expressed in
Celsius;

Ta1 is the averaged air temperature at the chamber inlet without release of the test flui
expressed in degrees Celsius;

Tgyx is the averaged exhaust temperature with release of the tegtfluid, expressed in degr¢

Ta2 is the averaged air temperature at the chamber inletwith release of the test fluid, e
in degrees Celsius.

Fect RIyw to obtain RI from the low propane flow rate calibration curve developed by f
cribed in Annex C, and in accordance with 6.2.6.5¢

|.2 At propane flow rate of 0,4 Nm3/h

ulate the uncorrected ignitability facter, Rlx, at the high propane flow rate from the
ation:

Rlx =[100(T, ~Tay ) /(Tex ~Taz) |+30

Fect RIx to obtain RI from the high propane flow rate calibration curve developed by {
rribed in Annex C, and‘in accordance with 6.2.6.5.

2.1 At propane flow rate of 0,13 Nm3/h

ulatethe flame length index, RLy, from the measured flame length at the low propane
i rate, La, in mm, from the following equation:

(5)

Hegrees

‘}_L.

bes Celsius;

kpressed

he method

e following

(6)

he method

volumetric

RLy, =5000/L,

10.2.2 At propane flow rate of 0,4 Nm3/h

(7)

Calculate the flame length index, RLx, from the measured flame length at the high propane volumetric
flow rate, Lg, in mm, from the following equation:

©IS
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10.3 Smo

ke density

Calculate the smoke density, D, defined by the equation:

D=lg(Vy/Vy)

where

(9)

Vo is the light obscuration expressed as a percentage obtained from the meter before test fluid flow;

V1 is

11 Expression of results

11.1 Indi

Round the
exactly 0,5

Round the

Test result

11.2 Ran|]
The result

One sugge;
is obtained
RL, and sm

The spray
letter categ

12 Preci

No precisi

n
this situat;t)n changes, eaclilaboratory shall report RI values along with the results for ignitability

the calibra

e tightobscuration eXpressed as a PErCentage Obtaimed (T tE Meter during test fiuig 1

vidual results

ignitability factor, RI, and the flame length index, RL, to the nearest.integer, with valug
being rounded up.

smoke density, D, to the nearest 0,001.

5 shall be expressed as numerical values of RI, RL and D.

King system
may also be classified in terms of an alphabetieal ranking scheme.

ted scheme given within Annex D. This schéme may be modified as further test experie
. In this scheme, the primary reference isthe ignitability factor, Rl, with flame length in
oke density, D, being secondary factors:

ignition characteristics may therefore be reported in the manner shown in Table D.1, y
rories corresponding to the numerical results obtained in the tests.

sion
is yet available foxthis method due to the small number of test rigs in regular use. U

Lion fluids givén)in Table C.1.

13 Test

The test report'shall contain at least the following information:

.Le

port

ow.

s of

nce
Hex,

vith

ntil
for

arefer

a)
b)

ence to this document, i.e. ISO 15029-2;

appropriate;

c)
d)

the result of the test (see Clauses 11 and 12);

otherwise, from the procedure specified;

e)

16

the date of the test.

the type and complete identification of the product tested, including any dilution of concentrate, if

the conditions under which each test run was carried out and any deviation, by agreement or
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Annex A
(normative)

Verification of propane pressure and flow rate

A1

Ac
acc

A1

Ac
0,1

Thd
reg

A.2

A2

At 3
no

dow
pre
Inct
pre

A2

Tabje A.1 gives the-$tandard pressure/flow curve points for propane supply. Fit the reading

in 4
mead

oTroreerY

.1 Pressure gauge

iracy of +5 kPa or better over the range 200 kPa to 400 kPa.

.2 Flowmeter

hlibrated flowmeter, or flowmeters, with a resolution of 0,005-Nih3/h or better over
Nm3/h to 0,5 Nm3/h.

procedure is intended to check the burner. Thus the cirguit comprises the propane
1lator, a valve and a flowmeter. The circuit used in the rig'for carrying out the test should 1

Procedure

.1 Measurement

"estrictions or sharp bends in the supply line, insert the pressure gauge (A.1.1) and in
nstream of it, the flowmeter (A.1:2)-Supply propane from a source via a variable regulat
Esure at the gauge is steady for at'least 10 s. Read the pressure and flow under steady
ease the pressure and repéat the readings. Take pressure and flow readings, and af
Esures between 40 kPa and 200 kPa.

.2 Verification

ccordance with/A.2.1 on to this curve and compare the values. For satisfactory perfor
isured flowrate shall be within + 0,01 Nm3/h of the corresponding point on the curve.

Table A.1 — Propane pressure and flow-rate calibration curve

hlibrated digital or analogue gauge, with a minimum range of 20 kPa to 500/kPa, apd with an

the range

cylinder, a
ot be used.

distance of no more than 3 m from the propane burner, and at a point beyond which there are

hmediately
br until the
conditions.
least four

s obtained
mance, the

Gaygepressure, MPa

40 50 70 100 150

00

Flow rate, Nm3/h

0,164 0,184 0,222 0,261 0,333

0,400
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(normative)

Verification of propane flame characteristics

B.1 Apparatus

B.1.1 Geperal

Figure B.1 fillustrates a general view of the positioning of the thermocouple in the combustien chanjber
for temperpture measurement of the burner flame. Measurements are carried out with-the inner pnd
outer cowl|ngs in place, but with the front window of the combustion chamber fully gpen to allow ac¢ess
and adjustment to the traverse system.

1
e | J
I I I J
wn / _
/ £ 5 :
+r || -r []:B 3 _
X 4 _
| | —
[ [ B
| [ B
|| L\
1 1 / 1 1 4
Key
1 K-type thermocouple
2 trayersing system
3 atomiser
4 gagnozzle
Fignrp B.1 — General nrrnngpmpnf of flame fpmpprnhlrp measurement

B.1.2 Temperature sensor

K-type 3 mm stainless steel sheathed thermocouple, bent through 90° at a distance of 115 mm + 5 mm
from the sensing tip.

B.1.3 Traverse system

A suitable stand and clamp shall hold the thermocouple with the 115 mm straight section aligned at * 5°
to the vertical. The stand shall have both vertical and horizontal linear scales for the measurement of
the spatial position of the thermocouple tip.
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B.1.4 Insulation board

+

A ceramic fibre insulating board, 7 mm

1 mm in thickness and with a minimum size of

300 mm x 300 mm, shall be fitted to the inner upper surface of the combustion chamber during testing.
It shall be held in place by supports that do not interfere with the flame characteristics or the free

movement of the thermocouple in the traverse system.

B.2 Flame temperature measurements

B.2.1 Axial temperatures

Adjpst the propane flow rate to either the low (0,13 Nm3/h) or high (0,4 Nm3/h) rate\an
burper. Position the tip of the thermocouple at a distance of x = 0, corresponding to théjexit o
of the gas nozzle, and within #2 mm of the orifice centre line. Measure and record,this te
Moye the thermocouple upwards in the same vertical plane and repeat the tempgrature mea3
at 10 mm intervals up to a distance of 200 mm above the nozzle. Repeat the procedure for
propane flow rate.

B.2l2 Radial temperatures

Posjtion the thermocouple at a distance of 143 mm * 1 mm abovethe'gas nozzle exit orifice al
40 mm in a horizontal plane towards the atomiser.

Light the burner, adjust the propane flow to either the low or the high rate, and measure and
temperature.

Moye the thermocouple horizontally away from the atomiser and repeat the temperature meg
at 5l/mm intervals across the flame width until a position of 60 mm on the other side of the fl
ling is reached. Repeat the procedure for the s¢cond propane flow rate.

Verification

B.3.11 Standard values

Tables B.1 and B.2 give the,standard values for axial and radial temperature measurements;
congditions of test. These are-illustrated as curves in Figures B.2 and B.3. The distances in Fig]
megsured from the burner with negative values towards the spray nozzle/atomiser.

B.3l2 Conformityvalues

2.1 Axial’ tests: the burner shall be deemed to conform to the standard burner
lsurement position, the measured temperature is within +50 °C of the standard temperatu

B.3
med

d light the
Fifice plane
mperature.
surements
the second

d traverse

record the

surements
hime centre

under the
ure B.3 are

if, at each
re.
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B.3.2.2 Radial tests: the burner shall be deemed to conform to the standard burner if, at each
measurement position, the measured temperature is within +40 °C of the standard value, within the range
-30 mm to 30 mm for the low propane flow rate, and -40 mm to 50 mm for the high propane flow rate.

20

Table B.1 — Propane burner temperature distribution

Axial direction
Distance from burner Temperature at low Temperature at high
exit propane flow rate propane flow rate
mm °C °C
0 861 550
10 869 568
20 871 567
30 874 580
40 872 611
50 864 629
60 866 675
70 861 718
80 860 762
90 858 817
100 852 852
110 862 880
120 870 905
130 884 927
140 890 938
150 891 946
160 904 960
170 901 971
180 888 977
190 875 980
200 854 988
210 802 994
220 796 996
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Table B.2 — Propane burner temperature distribution

Distance from burner
centre line

Radial direction

Temperature at low
propane flow rate

Temperature at high
propane flow rate

mm °C °C
~40 88 310
-35 95 435
-30 125 540
=25 228 718
-20 430 820 ,\Q)
-15 570 948 A
-10 800 975 |
-5 900 9861

905 97

900 ~, 950

N4
10 920 57970
.
15 820 AN 1006
20 650 \% 1000
25 460 Q] 918
30 273 778
35 1450, 593
40 103 455
45 O — 318
50 R 234
55 @S — 150
N\
60 RS — 121
L\
&
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X
Key
1 low prppane flow X distance, in mm
2 high pfopane flow Y temperature, in °C
Figure B.2 — Axial temperature distribution of propane flame
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X
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Figure B.3 — Radial temperature distribution of propane flame
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Annex C
(normative)

Test apparatus calibration

C.1

Pre
wit

Tabje C.1 gives the composition of this series. In Table C.1, % (V/V) is used to‘represent |

frad

T T CTU T T T oo

pare a series of calibration fluids (CFg to CFgg) by volumetric mixing of mono ethylene
h water (5.4).

tion of a material.

Table C.1 — Calibration fluid composition and ignitability factor

Fluid Ethylene glycol Water Standard
designation % (V/V) % (V/V) ignitability factor
CFo 100 0 171
CF1s5 85 15 23,8
CF20 80 20 34,2
CF2s5 75 25 45,6
CF3p 70 30 59,7
CF40 60 40 64,0
CFs4s 55 45 71,8
CFso 50 50 81,0
CFe0 40 60 90,8
CF7s5 25 75 108,5
CFoqp 10 90 125,0

Testing

'y out the procedure given in 9.1 at the low propane flow rate on fluids CFg, CF15, CF9
the procedurégiven in 9.2, at the high propane flow rate for the other fluids in the serig

C3

measurements of flame length and smoke density. Calculate the average uncorrected
or (RIw-of RIx) on each fluid from a minimum of eight tests. Further tests shall be ca

rlycol (5.5)

he volume

o and CFys5
s, omitting
gnitability
ried out if
the actual

Calibration

. Table C.1

For the measured ignitability factors, RIy for the low propane flow rate and RIx for the high propane
flow rate, solve the quadratic equations below to obtain coefficients a, b, ¢, d and e, using a 'least-squares’
fit to obtain the mean values. Plot these mean values against the standard values given in Table C.1.

For

For

low propane flow rate and RI < 50: RI = aRIy + bRIy?

high propane flow rate and RI = 50: RI = ¢ + dRIx + eRIx?
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