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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.

Internatlonal Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Partp.
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h task of technical committees is to prepare International Standards. Draft Internationpl
s adopted by the technical committees are circulated to the member bodies, for voting.
on as an International Standard requires approval by at least 75 % of the thember bodig¢s
vote.

circumstances, particularly when there is an urgent market requirementfor such documents,a
committee may decide to publish other types of document:

50 Publicly Available Specification (ISO/PAS) represents an agreement between technicpl
rts in an ISO working group and is accepted for publication if itissapproved by more than 50 {0
e members of the parent committee casting a vote;

50 Technical Specification (ISO/TS) represents an agreement between the members of|a
hical committee and is accepted for publication if itissapproved by 2/3 of the members of the
mittee casting a vote.

AS or ISO/TS is reviewed after three years in erder to decide whether it will be confirmed for

three years, revised to become an International Standard, or withdrawn. If the ISO/PAS j;r
5 confirmed, it is reviewed again after a further three years, at which time it must either be
med into an International Standard or bewithdrawn.

phts. ISO shall not be held responsible for identifying any or all such patent rights.
5029-2 was prepared by Technical Committee ISO/TC 28, Petroleum products and lubricants.

5029 consists of the follewing parts, under the general title Petroleum and related products +
ation of spray ignitioh-characteristics of fire-resistant fluids:

1: Spray flameppersistence — Hollow-cone nozzle method

2: Spray teSt—=— Stabilized flame heat release method [ Technical Specification]

© ISO 2012 - All rights reserved
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TECHNICAL SPECIFICATION ISO/TS 15029-2:2012(E)

Petroleum and related products — Determination of spray
ignition characteristics of fire-resistant fluids —

Part 2:

ARNING — The use of this part of ISO 15029 may involve hazardous materials; operations
nd equipment. This part of ISO 15029 does not purport to address all of the safety problems
ssociated with its use. It is the responsibility of the user of this part of IS0, 15029 to gdstablish
bpropriate safety and health practices and determine the applicability of regulatory limitations
Fior to use.

=)

[y

Scope

This part of ISO 15029 specifies a method by which the fire hazards of pressurized sprayg of fire-
¢sistant fluids can be compared. Two sizes of propane flame are gsed to ignite and stabilize combustion
[an air-atomised release of fluid and measurements related €o the rate of heat release, length of flame
d density of smoke are taken to give quantitative informdtion on the fire behaviour of the fljiid.

L O =3

2| Normative references

The following referenced documents are indispensable for the application of this document. Hor dated
re¢ferences, only the edition cited applies. Forriindated references, the latest edition of the referenced
dpcument (including any amendments) apples.

P
Val

40 3170:2004, Petroleum liquids — Manual sampling

It
Lo

0 3696:1987, Water for analytical laboratory use — Specification and test methods

[0 6743-4:1999, Lubricantsyindustrial oils and related products (class L) — Classification — Part 4:
Family H (Hydraulic systems)

190 9162:—1), Petrolgtum) products — Fuels (class F) — Liquefied petroleum gases — Specifications

[BC 60584-1:1995;Thermocouples — Part 1: Reference tables

3| Terms)and definitions

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

34
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

1) To be published (revision of ISO 9162:1989).

© IS0 2012 - All rights reserved 1
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3.3
flame length index
function of the flame length and propane flow rate

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

3.5
smoke density
smoke d¢nsity, as a function of smoKe opacity in the flue pipe before and after introduction of the testilujd

NOTE See ISO 5659-2:2012, term 3.8 “optical density of smoke”.

4 Principle

A pre-copditioned flux of the test fluid is delivered to a test chamber through a twin-fluid atomise
Compregsed air, supplied to the nozzle at a controlled rate, is used to produce an atemised spray, whicg
is exposdd to a defined flame of a gas burner present throughout the test. The gas'flame acts to produd
by input pf heat at a steady rate, a stabilized spray flame (3.1), so that combustioh properties, such as th
rate of ehergy release and flame length, (3.2) are sufficiently steady over‘time to allow time-average
values tq be measured.

o=

Q. o

Temperaftures are measured both at the entry to the combustion chamber and in the exhaust, with the
burner operating first without, and then with, release of the testflaid. The flame length (3.2) and smoke
opacity ¢f the exhaust are also measured. Calculations of funetions, such as flame length index (3.8)
ignitabil{ty factor (3.4) and smoke density (3.5) are made from these measurements. Sampling of the
exhaust ¢an enable the production rate of other combustief products to be determined. A grading system
for the performance of fire-resistant fluids is developed\from these determinations and calculations.

5 Reagents and materials
5.1 Proppane, high purity (minimum 98%,)'grade, generally conforming to the requirements of ISO 916p.
5.2 Nifrogen, oxygen-free, commercial grade.

5.3 Compressed air.

5.4 Water, conformingito the requirements of grade 3 of ISO 3696.

5.5 Ethylene glycol, laboratory grade (mono, 98 % purity).

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.

2 © IS0 2012 - All rights reserved
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Figure 1 — General view of installation
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gure 2 shows a schematic diagram of a suggested layout of the test equipment detailing the |different
put streams to the combustion chamber and exhaust.duct.
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Figure 2 — Schematic diagram of suggested test rig layout
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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).

6.1.3 H

The compustion chamber exit shall be connected to a contraction fabricated from steel sheet'1 m

thick, pr
250 mm
1400 m
system t

The air f]
an air ve
The tem
to 25 °C,
humidity

6.1.4 SYpray delivery system

6.1.4.1
for an in{
pressuris

supply p

6.1.4.2
controlle

10 °C andl 25 °C, and measured by a thermocouple located immediately before the fluid nozzle. The flu

is deliver
2,5 mm,

6.1.4.3
and part

shall be measured by a‘variable area flowmeter having a flow range of 0,4 Nm3/h to 3,0 Nm3/h, locate

3500 m
downstr

xtraction system

pviding a transition from the square to a circular cross-section with an internal diameter
- 4 mm. This contraction, 750 mm * 10 mm long, is connected to a horizontal section of flue pij
m + 10 mm in length which, in turn, may be connected to further exhaust ductirig or clearir
hat shall be designed to provide stable conditions in the combustion chamberduring a test.

low through the chamber is produced by a jet pump mounted in the €xhaust duct, producir
locity of 1,4 m/s * 0,1 m/s measured 50 mm * 2 mm inside the dombustion chamber inlg
perature of the air entering the chamber shall be sufficiently constant within the range 10
such that the temperature variation over a period of 30 s shall\not exceed 1 °C. The relatiy
of the air shall lie between 40 % and 80 %.

Reservoir. The test fluid shall be contained in a steelreservoir of minimum capacity 3 1, designs
ernal pressure of 2,5 MPa at 20 °C. The flow of fluid from the reservoir is provided by means
ed nitrogen (5.2) supplied to the upper part pfthe reservoir, with a valve situated in the nitrogeg
pe. Means shall be provided to permit complete drainage of the system.

Test fluid delivery. The fluid volumeflow rate can be measured with a suitable flowmeter ar
d to 90 + 0,5 ml/min by means of aneedle valve. The fluid temperature is maintained betwese

ed to the atomiser?) through\nylon and/or steel piping with an internal diameter of 7,5 mm

Compressed air. Compressed air shall be supplied, via a suitable mesh filter to remove drople
culates at a steady, flow rate of 1,92 Nm3/h £ 0,05 Nm3/h at a pressure of 0,2 MPa. The flow ra

m + 500 mm<before the spray jet at a pressure of 0,2 MPa, and controlled by a valve installg
pam of the flowmeter. The temperature of the atomising air shall be between 10 °C and 25 °C.

rated at 2 MPa and the flowmeter shall be located 350 mm * 150 mm downstream of the valve]

d

+ a5 Q

[e

d

2) Type 1/4]BC-12B, manufactured by Spraying Systems Co. (http://www.spray.com) and supplied by CT Limited,
Guildford, Surrey, UK is an example of a suitable product available commercially. This information is given for the
convenience of users of this part of ISO 15029 and does not constitute an endorsement by ISO of this product.

4
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Dimensions in millimetres
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Figure 3 — Combustion chamber and exhaust system
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Dimensions in millimetres
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Figure'4 — Atomizer and burner system

6.1.5 Burner system

6.1.5.1 |System design. The gas burner, constructed of brass and illustrated in Figure 4, provides|a
continuojus ignition §ource using propane (5.1) pre-mixed with air (5.3). It incorporates a nozzle3), drillgd
to a dianfeter of.0;68 mm, and two mixing chambers, the whole mounted rigidly on to a steel base plate pf
6 mm thickness{see Figure 4). The exit of the 26 mm internal diameter mixing chamber shall be 143 mm
+ 1 mm pelow the centre line of the atomiser, and a distance of 42,5 mm * 1 mm downstream of the

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.

3) Type t1700 fine flame gas nozzle, supplied by Applications des Gaz, Paris, France (now part of the Coleman
Group; http://www.coleman-eur.com) is an example of a suitable product available commercially. This information
is given for the convenience of users of this part of ISO 15029 and does not constitute endorsement by ISO of this
product.

6 © IS0 2012 - All rights reserved
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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.

6.1.5.2 System verification. On 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,
respectively. At intervals of 12 months, or if it is suspected that the characteristics of the burner have
changed, the burner may be checked by sampling the flame temperature at a few selected locations and

CrarCvard

6/1.6 Burner and atomiser mounting

6/1.6.1 Mounting. The atomiser and burner assembly, on the steel base plate, is protected by § cowling
fgbricated from 1 mm thick sheet steel bent into the form shown in Figure 4, withya height of 300 mm *
1|mm, overall width of 97 mm * 1 mm, and overall length of 255 mm * 1 mm. Phe burner shall also be
ptotected from the surrounding air flow by a cylindrical cowling of 87 mm*,1 mm diameter, c¢ntaining
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
hprizontal plane passing through the atomiser axis.

6/1.6.2 Placement. The base plate is positioned on the floor of the combustion chamber [with the
atomiser orifice 500 mm * 5 mm downstream of the combustion chamber inlet orifice. Cojnections
through the base plate and combustion chamber floor shall be provided for the supply of air, propane and
tgst fluid to the burner and atomiser as appropriate.

6/2 Instrumentation

6(2.1 Temperature sensors

1]

ve T-type Cu-CulNi thermocouples with an outer diameter of 1,5 mm, conforming to the requirgments of
HC 60584-1, or temperature measurément devices of equivalent precision and accuracy, are p¢sitioned
b illustrated in Figure 2. The third thermocouple is positioned in the test fluid reservoir with at least
D mm of sheath completelyzimmersed in the fluid, and not in contact with the vessel wall. All the
thermocouples shall be usedwith 0 °Creference junctions in accordance with I[EC 60584-1. Meajurement
a¢curacy shall be + 0,5.2C'ever the range 15 °C to 200 °C, and the temperature resolution shall pe 0,1 °C.

et

Ul L

The accuracy of the test result is highly dependent upon the accurate positioning of the exhaust gas
thermocouple. Thisshall be located with an accuracy of + 0,5 mm and checked before the commgncement
of each new series of tests.

Where a-Computer is used, both this and the data acquisition system shall be capable of calculating
ayerages-of at least 100 values of each temperature measured over 120 s.

6 2.') Anemomaeter

The air flow velocity in the combustion chamber is measured using a rotating vane anemometer with a
vane diameter of 95 mm * 30 mm located as illustrated in Figure 2 (including section “A”).%)

6.2.3 Humidity sensors

The relative humidity of the incoming air used in each test series shall be measured and recorded at the
beginning and end of each day of testing.

4) A suitable instrument is manufactured by Testo Limited. This information is given for the convenience of users
of this part of ISO 15029 and does not constitute an endorsement by ISO. Equivalent products may be used if they
can be shown to lead to the same results.

© IS0 2012 - All rights reserved 7
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6.2.4 Flame length scale

Alinear scale of at least 1 m in length, with a resolution of no greater than 10 mm, shall be attached to
the combustion chamber side window.

Dimensions in millimetres

\‘\_\‘\:
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Figure 5 — Propane burner
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6.2.5 Smoke meter

A white light obscuration smoke opacity meter, using an illuminated beam of 20 mm * 5 mm diameter, is
mounted 625 mm *+ 125 mm downstream of the contraction in the flue pipe. The arrangement shall not
reduce light transmission by soot deposits by more than 5 %. A suitable instrument is manufactured by
Fire Testing Technology Limited.

6.2.6 Calibration of instruments

6 tﬁmmmthiﬁcates
trfaceable to a national standard and appropriate corrections shall be applied to observed readings.

6]|2.6.2 Smoke meter. The output of the smoke meter shall be calibrated before and @fter usinlg at least
three neutral density filters inserted in the light beam, giving 25 %, 50 % and 75 %.1light obscuration use.
Opserved readings shall be corrected for deviations in linearity.

6/2.6.3 Other meters. Flowmeters and the anemometer shall be, ¢alibrated according to the

nmlanufacturer’s recommendations or at least annually by means traceable te a national standard, and the
appropriate corrections made to observed readings.

6/2.6.4 Humidity sensors. The relative humidity sensor,should be calibrated accordinig to the
nmlanufacturer’s recommendations and appropriate corrections‘shall be applied to all observed feadings.

6[2.6.5 Test apparatus. Prior to each new series of tests, the entire test apparatus shall be cplibrated
fdr ignitability factor by the procedure described in Annex C and corrected values used for repprting, as
described in 10.1. [tis important that any changes id the measured ignitability factor values obtajned with
the calibration fluids be investigated to ensure that the test apparatus has not been subject to modlification
and conforms to the requirements of this Techiical Specification.

p—

f| calibration test values differ significantly from those previously obtained then the calibfation of
dividual components (e.g. flowmeters) should be examined.

—
—

7| Sampling and sample preparation

7|11 Unless otherwise speécified, samples of at least 5 | shall be obtained in accordance jwith the
procedures described inJISO 3170.

7|2 Store sampleSin sealed containers ata temperature of 10 °C to 30 °C under clean and dry cgnditions.
After removing a sample immediately re-seal the container to minimize any moisture loss or gajin.

7|13 Mix the sample by shaking or stirring and examine for clarity and contaminatiop before
tjansferring the test portion to the conditioning beaker. If phase separation and/or partichlate are
opsérved, discard the sample.

7.4 For water-mix fluids, such as those in categories HFAE or HFAS (as classified in ISO 6743-4, prepare
the concentrate with water (5.4) within 1 h of the start of the test.

© IS0 2012 - All rights reserved 9
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8 Apparatus preparation

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

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

8.3 FIlysh the reservoir with 500 ml of solvent appropriate to the sample previously tested. For watey-
based flulids, use water. For non-aqueous fluids, use acetone.

8.4 Opfen the valve in the fluid supply circuit and pressurize the reservoir with nitrogen:” Allow at
least 25( ml of liquid to be expelled through the atomiser. Close the valve and de-pressurize. Drain the

fluid/sol

8.5 Re
lint-free

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

9 Progcedure
9.1 Mg¢asurements at a propane flow rate of 9,13 Nm3/h

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

NOTE

as recominended by the manufacturer er'supplier and 1500 ml of the diluent placed in the reservoir.

9.1.2 Hour the test portion inte’ the reservoir of the apparatus and pressurize the reservoir to the

pressure
combust
exit. Che

free of cqntaminant. Initial releases will be carried out to establish the pressure required to provide the
specified| flow. This\will normally be about 1 MPa, the flow can be adjusted using the needle valve.

9.1.3 TheAluid delivery rate at the nozzle should be checked by collecting fluid in a suitably graduated

containe
required
releases

Pent at the atomiser orifice. Repeat the procedure given in 8.2.

move any further traces of solvent in the apparatus by evaporation dr\careful wiping with|a
cloth.

When the fluid is supplied as a concentrate it should first be diluted with distilled or deionised watgr

established for the-specified flow rate. Pass fluid through the atomiser, without atomising ajr,
on chamber air or burner propane, until atleast 200 ml of fluid has been collected at the atomiser
'k that the flow has been steady, that there are no air bubbles in the delivery and that the fluid fis

- (@ver a measured time; the volume and time for collection taking into account the accuragy
. If necessary adjust the flow control valve until the fTow rate is within the specified l[imits. [nitial
will be carried out to establish the pressure required to provide the specified flow. This will

normally be about 1 MPa, the flow can be adjusted using the needle valve.

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

9.1.5 Setthe air flow rate through the combustion chamber 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 Ignite the propane burner and adjust the propane flow rate to 0,130 Nm3/h + 0,005 Nm3/h.

10
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9.1.7 Adjust the atomising air to a flow rate of 1,92 Nm3/h + 0,05 Nm3/h.

9.1.8 Measure and record the light obscuration from the smoke meter under steady conditions before
the test fluid is introduced into the chamber, Vp, as the average of at least four readings taken over a
period of 60 sin 9.1.12.

9.1.9 With the glass window of the combustion chamber closed and sealed, allow conditions to stabilize
to a point at which the temperature of the exhaust gases at the chamber exit, Tj and the temperature of
the air at the chamber inlet, T4z, vary by no more than 1 °C over a period of 30 s. Record these values to
te nearest 0,1 °C, taking the average of at Ieast 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 ahd mepsure the
new exhaust temperature, Tgy, at intervals of approximately 5 s, until the average of at least five values over
period of 30 s is within 2,5 % of the average of at least five values taken in a conseeutive period pf 30 s.

[«5)

9{1.11 With conditions steady, take measurements of the temperature at the chamber inlet, T42, an¢l the new
exhaust temperature, Tgx as the average of at least 10 measurements of each taken over a period of 120 s.

Ne)

1.12 Measure and record the flame length, Ly, as the average of atteast 10 measurements tgken over
period of 120 s of steady conditions. In the case of a fluctuating‘flame, the length shall be thq furthest
stance downstream reached instantaneously.

oo

9(1.13 Repeat the measurement of 9.1.8 after steady conditions with test fluid flow described in 9.1.8
have been achieved and record this new value as V5.

9(1.14 Re-check and record the chamber air flow"velocity and the ambient relative humidity

9]1.15 Calculate the ignitability factor, Rl as-outlined in Clause 10.
NPTE The fluid rate can vary during-the test as the equipment (and fluid) temperatures increase. It is

therefore necessary to check the flow'rate after every 4 determinations and, if outside the limit, then(to repeat
the test runs as appropriate.

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

N}

2.1 If, during a testy-the fluid has been found to have an ignitability factor above 50, or a flae length
less than 100 mmjat a propane flow rate of 0,13 Nm3/h, it is necessary to carry out the test at a higher
propane flow rateyand to report these results.

]

9(2.2 Thetest conditions shall be established as indicated in 9.1.1 to 9.1.7 with the exception that the
propanéiftow rate shall now be adjusted to 0,400 Nm3/h + 0,005 Nm3/h.

9|12.3 Carrvoutthe procedure described in 9.1.8 t0 9.1.13 at the new propane flow rate

9.3 Rejection of test data

A testrun shall be discontinued if, during the procedure, any of the test conditions is not satisfied. These
are defined as follows:

a) the temperature at the combustion chamber 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) thepropane flow rateis constantateither 0,130 Nm3/h + 0,005 Nm3/h or 0,400 Nm3/h + 0,005 Nm3/h;

d) the test fluid flow rate is constant at 90 ml/min * 0,5 ml/min;
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e) the air velocity through the combustion chamber is constant at 1,4 m/s + 0,1 m/s;

f) the relative humidity of the air is 40 % to 80 %j;

g) the temperature 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 can be resumed as soon as the conditions meet the above limits.

9.4 Tapulatiomofmeasurements

The relat
proform
are giver

9.5 Ny

9.5.1 (

The min

RI, which is the most sensitive property being measured, within some defined limits of accuracy. The

minimur
true me3

9.5.2 (

Assuminlg a normal distribution of measurements, the nitmber of tests required to satisfy the relatiqn

specified

4005

where

RIN

SN

SN2

ively large number of measurements required to obtain the test results are best recorded dn
h result sheets, which may also allow space for any calculation required. Examples of proformas
within Annex E.

mber of tests

eneral

mum number of test determinations is set upon the basis of obtaining an ignitability factd

=

h level of accuracy set is that the average of N individual RI m€astrements lies within 5 % of the
n value obtained from an infinite sample size, with 67 %, confidence.

alculation

in 9.5.1 is given by the equation:

N2/N RIN<1,0

s the number of tests;
s the average of N tests;

s the variance, defined by Equation (2).

Y (RE-RIN)?/(N - 1)

where Rliis the ith measurement of ignitability factor.

The perc

entage error, §, in the mean, RIy, of N measurements of R], is given by the equation:

§=100Sy /RINNO,5 (3)

Where the ignitability factor is found to be within 5 % of a grade boundary, a sufficient number of tests
are required to derive a mean value of Rl which is accurate to within one integer. This requires:

N = SN2 4)

Tests shall be repeated until this calculation is satisfied by repeating the procedure from 9.1.7.

12
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9.5.3 Marginal values

When an average value of RI, obtained at a propane flow rate of 0,13 Nm3/h, lies between 35 and 60, and
more than N/2 of these tests give individual values greater than 50, that fluid shall be re-tested at the
higher propane flow rate of 0,4 Nm3/h, and the low propane flow rate results discarded. If less than N/2
tests at the low 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.

915.4 Conclusion

O the basis of the above considerations, the minimum number of tests required ata’specified|propane
flow rate is eight.

10 Calculations

10.1 Ignitability factor

1D.1.1 At propane flow rate of 0,13 Nm3/h

Chlculate the uncorrected ignitability factor, Ry, at the low propane flow rate from the following ¢quation:
Rl =500(Ty =Ty ) /[ 7(Tex ~Taz) ] (5)

wihere

Ty, is the exhaust temperature withQut release of the test fluid, expressed in degrees Celius;

Ta1 isthe air temperature at the:éhamber inlet without release of the test fluid, expressed in
degrees Celsius;
Tgx is the exhaust temperature with release of the test fluid, expressed in degrees Celsiug;

U

Ta2 isthe air temperature at the chamber inlet with release of the test fluid, expressed in|degrees
Celsius.

Cprrect Rlw _to“ebtain RI from the low propane flow rate calibration curve developed by thg method
described in'Ahnex C, and in accordance with 6.2.5.4.

10.1.2 VAt propane flow rate of 0,4 Nm3/h

Cafcutate threumcorrectedigmnitabitity facton Rixat the igh propame flowrate fronrthe foltowimgequation:
RIx =[100(T, ~Tay ) /(Tex ~Taz) |+30 ©)

Correct RIx to obtain RI from the high propane flow rate calibration curve developed by the method
described in Annex C, and in accordance with 6.2.5.4.

© IS0 2012 - All rights reserved 13
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10.2 Flame length index

10.2.1 Atpropane flow rate of 0,13 Nm3/h

Calculate the flame length index, RLy, from the measured flame length at the low propane volumetric
flow rate, Lp, from the following equation:

RLyy =5000/L, (7)

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

Calculatg the flame length index, RLy, from the measured flame length at the high propane volumetrijic
flow ratg, Lg, from the following equation:

RLy +(6250/Lg )+37,5 ®

10.3 Smpoke density

Calculat¢ the smoke density, D, defined by the equation:

D=1g(Vo/V4) S

where
Vo 1s the light obscuration obtained from the meter before test fluid flow;

V1 1s the light obscuration obtained from the meter during test fluid flow.

11 Expression of results

11.1 Individual results

Round the ignitability factor, RI,.and the flame length index, RL, to the nearest integer, with values pf
exactly (1,5 being rounded up.

Round the smoke density, B, %o the nearest 0,001

Test resylts will be expressed as numerical values of RI, RL and D.

11.2 Rdnking system

The resuIlts may also be classified in terms of an alphabetical ranking scheme.

One suggested scheme is given within Annex D. This is a provisional scheme which may be modified
as further test experience is obtained. In this scheme, for all parameters, “A” represents the most fire-
resistant category of the property evaluated. The primary reference is the ignitability factor, RI, with
flame length index, RL, and smoke density, D, being secondary factors. Thus the most fire-resistant
category possible in this system is A(A/A) and the lowest fire-resistant is H(F/D).

The spray ignition characteristics may, therefore, be reported in the manner shown, with letter
categories corresponding to the numerical results obtained in the tests.
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12 Precision

No precision is yet available for this method due to the small number of test rigs in regular use. Until this
situation changes, each laboratory shall report RI values along with the results for ignitability for the
calibration fluids given in Table C.1.

13 Test report

The test report shall contain at least the following information:

aJ

b)

areference to this Technical Specification;

the type and complete identification of the product tested, including any dilution of con
if appropriate;

the result of the test (see Clause 11);

the conditions under which each test run was carried out and any-deviation, by agre(
otherwise, from the procedure specified;

the date of the test.

centrate,

bment or

© IS0 2012 - All rights reserved

15


https://standardsiso.com/api/?name=02dc8db971bf0a2f4806c22ae9ebc5d2

ISO/TS

A.1 Apparatus

A1l1

A calibr
of + 5 kP

A.1.2 B
A calibrz

0,1 Nm3

The pro
regulato

A.2 Prjocedure

A.2.1 Measurement

At a dist

no restr
downstr

pressureg

Increase

pressure

A2.2 \

Table A.]
in accor(
measure

15029-2:2012(E)

Annex A
(normative)

Verification of propane pressure and flow rate

ressure gauge

ed digital or analogue gauge, with a minimum range of 20 kPa to 500 kPa, and with’an accuragy
h or better over the range 200 kPa to 400 kPa.

lowmeter

ited flowmeter, or flowmeters, with a resolution of 0,005 Nm3/hor better over the range
hto 0,5 Nm3/h.

edure is intended to check the burner. Thus the circuit comprises the propane cylinder,|a
[, a valve and a flowmeter. The circuit used in the rig for cartying out the test should not be usef.

ance of no more than 3 m from the propane burner, and at a point beyond which there afe
ctions or sharp bends in the supply line, insert the pressure gauge (A.1.1) and immediately
bam of it, the flowmeter (A.1.2). Supply propane from a source via a variable regulator until the
at the gauge is steady for at least.10 s. Read the pressure and flow under steady conditionls.
the pressure and repeat the .readings. Take pressure and flow readings, and at least foyr
s between 40 kPa and 200 kPa.

ferification
gives the standard-pressure/flow curve points for propane supply. Fit the readings obtaingd

lance with A.2-170on to this curve and compare the values. For satisfactory performance, the
d flow rate shalt'be within + 0,01 Nm3/h of the corresponding point on the curve.

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

Gauge pressure, MPa 40 50 70 100 150 200
Flow rate; Nmm37/h 0;16% 0;18% 0,222 0,261 07333 0,400
16 © IS0 2012 - All rights reserved
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Annex B
(normative)

Verification of propane flame characteristics

B.1 Apparatus

Bl1.1 General

Flgure B.1 illustrates a general view of the positioning of the thermocouple in the-cambustion chamber
fdqr temperature measurement of the burner flame. Measurements are carried\out with the ihner and
ofiter cowlings in place, but with the front window of the combustion chambeifully open to allqw access
ahd adjustment to the traverse system.

k-type thermocouple
\ \ — ‘J
\

/ 115 mm -
|| —r ) -
= - traverse system _
' atomiser -
X -
as nozzle L -
1 ! -
| LU
- e /III/IIJI r”’————rrr'r’%

Figure(B;1T — General arrangement of flame temperature measurement

Bl1.2 Temperature sensor

Kltype 3-mm stainless steel sheathed thermocouple, bent through 90° at a distance of 115 mnj + 5 mm
flom«he sensing tip.

1.5 Iraverse 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.

The accuracy of the test result is highly dependent upon the accurate positioning of the exhaust gas
thermocouple. This shall be located with an accuracy of # 0,5 mm and checked before the commencement
of each new series of tests.

© IS0 2012 - All rights reserved 17
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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

Adjust the propane flow rate to either the low (0,13 Nm3/h) or high (0,4 Nm3/h) rate and dight t}
burner. Hosition the tip of the thermocouple at a distance of x = 0, corresponding to the exit orifice plar
of the gals nozzle, and within * 2 mm of the orifice centre line. Measure and record this&emperatur
Move thgq thermocouple upwards in the same vertical plane and repeat the temperaturesmeasuremen

at 10 m

propane|flow rate.

B.2.2 Radial temperatures

Position

40 mm i) a horizontal plane towards the atomiser. Light the burner, adjust the propane flow to either t}
low or high rate and measure, and record the temperature. Move_ the‘thermocouple horizontally awz
from the|atomiser and repeat the temperature measurements at 5¢mm intervals across the flame widt

until a p
the seco

B.3 Vdrification

B.3.1 Standard values

Table B.1

B.3.2 (onformity values

B.3.2.1

measurement position, the-nieasured temperature is within + 50 °C of the standard temperature.

B.3.2.2

measurement position, the measured temperature is within + 40 °C of the standard value, within the rang

-30 mm

18

xial temperatures

intervals up to a distance of 200 mm above the nozzle. Repeat the procedute for the secor

the thermocouple at a distance of 143 mm * 1 mm above the gasnozzle exit orifice and travers

rition of 60 mm on the other side of the flame centre line is reached. Repeat the procedure fi
d propane flow rate.

Axial tests. The durner shall be deemed to conform to the standard burner if, at ead

Radial testSs. The burner shall be deemed to conform to the standard burner if, at ead

fo 30 mimn for the low propane flow rate, and -40 mm to 50 mm for the high propane flow rate.

gives the standard values for axialand radial temperature measurements under the conditions
of test. These are illustrated as curves in Figures B.2 and B.3.

1
1

®

d

1S

h

re

p
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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 ,\‘L
40 872 611 Oy
50 864 629 O)ﬂ/
60 866 675 ),

A\
70 861 7180
80 860 < “I62
N\

90 858 O\ 817

100 852 D gs2

110 862 s 880

120 870  O)° 905

130 884 \§< 927

140 890% 938

150 @‘? 946

160 v @@ 904 960

170 AN 901 971

180 1O sss 977

N

190 A%C, 875 980

200 . 854 988

210 s\ 802 994

220~ 796 996

o

© IS0 2012 - All rights reserved

19


https://standardsiso.com/api/?name=02dc8db971bf0a2f4806c22ae9ebc5d2

ISO/TS 15029-2:2012(E)

20

Table B.2 — Propane burner temperature distribution

Radial direction
Distance from burner Temperature at low Temperature at high
centre line propane flow rate propane flow rate
mm °C °C
-40 88 310
-35 95 435
-30 125 540
25 228 718 ,\‘L
-20 430 820
-15 570 948 )
-10 800 975 K
-5 900 986 O~
905 970 , &
900 950\ "
10 920 Larno
15 820 , 01006
20 650 O 1000
25 460 N 918
30 273 QO 778
35 s o7 593
40 103.3) 455
45 R\ 318
50 O 234
55 O 150
60 - 121
@ :
@)
O
o
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Vertical distance from nozzle exit orifice,(mm

Figure B.2 — Axial temperature distribution of propane flame

1000

900

=N

800

700

TR N\ g propene
/[ N\

600

Temperature, °C

300

[ f \ O\
222 / - / |0Wpr0paA \
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Radial distance from orifice centre line, mm

Figure B.3 — Radial temperature distribution of propane flame
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Annex C
(normative)

Test apparatus calibration

C.1 Calibration fluids

Prepare p series of calibration fluids (CFg to CF9g) by volumetric mixing of ethylene glycol (5,5} with
water (5]4). Table C.1 gives the composition of this series.

Table C.1 — Calibration fluid composition and ignitability factor

Fluid designation Eth}‘;)e?l/;gl)yml ‘Vvov;l;/e I;) ignits;lililii(:;rf:ctor
CFp 100 0 17,1
CF1s 85 15 23,8
CF2o 80 20 34,2
CF25 75 25 45,6
CF3p 70 30 59,7
CF40 60 40 64,0
CFys5 55 45 71,8
CFso 50 50 81,0
CFs0 40 60 90,8
CF7s 25 75 108,5
CFoqg 10 90 125,0
NOTE For the purposes of this;part of ISO 15029, “% (V/V)” is used to represent the volume
fraction of a material.

C.2 Testing

the proceduregiven in 9.1 at the low propane flow rate on fluids CFg, CF15, CF¢ and CF3s, anid
the procgdure given 41-9.2 at the high propane flow rate for the other fluids in the series, omitting the
measurements of flame length and smoke density. Calculate the average uncorrected ignitability factgr
(RIw or RIx) oneach fluid from a minimum of eight tests. Further tests shall be carried out if the accuragy
does not|confarm to within 5 % of the mean value (see 9.5). Irrespective of the actual measured valye
of ignitability~factor, do not re-test the fluids at the other propane flow rate. Table C.1 gives “standard”
ignitabil i i i

C.3 Calibration

For the measured ignitability factors, Rl for the low propane flow rate and RIx for the high propane
flow rate, solve the quadratic equations below to obtain factors 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 low propane flow rate and RI < 50: RI = aRly + bRIy?

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

22 © IS0 2012 - All rights reserved
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Use the values of g, b, ¢, d and e to correct all measured values of ignitability factor obtained on test
samples in the same apparatus under constant operating conditions. Figure C.1 gives an illustration of
a typical calibration curve.

110

100

Standardised RI values (table in section3.2.3.3.8)

L ! |
0 10 20 30 40 60/ 60 70 80 90 100 110

Measured RI'values (Rly or Rly)

Figure C.1 —Allustration of calibration curve
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