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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 preecedures—tsed—to—developth ment-and-these—ntendedfor-its—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria ‘needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documént may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Téthnical Barriers to Trade (TBT) see www.iso
.org fliso/foreword.html.

This|document was prepared by Technical Contittee ISO/TC 92, Fire safety, Subcommittge SC 2, Fire
contqinment.

Any feedback or questions on this documrent should be directed to the user’s national standprds body. A
complete listing of these bodies can e found at www.iso.org/members.html.
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Introduction

This document describes a test procedure to assess the protection afforded by fire protection materials
and systems to pressure vessels. It gives an indication of how fire protection materials perform when
exposed to a set of specified fire conditions. Actual vessels can vary in construction from that tested
and can utilise additional protection systems. The test conditions have been shown to be representative
of the severity of unconfined pool fires fuelled by light and medium oil distillates such as LPG and
petroleum products.

Test laboratories should be aware of the significant potential hazards involved in pressure vessels
testing. Facifitiestntending-to-undertakete HecordarreewithHrsdoetrrertshotd-bedesterned (0
e event of vessel failure.

vi © ISO 2018 - All rights reserved
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Determination of the resistance to hydrocarbon pool fires of
fire protection materials and systems for pressure vessels

1 Scope

This document specifies a test method for determining the fire resistance of pressure vessels with a

fire protectiom SystenT witer subjected to standard fiTe eXposure Conmditions. ftdoes ot adgress vessels
cool¢d by water deluge or water monitor. The test data thus obtained permits subsequent.¢assification
on the basis of the duration for which the performance of the pressure vessel undgr.thesg conditions
satisfies specified criteria. The design of the pressure vessel is not covered in this,doctimerit.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
consfitutes requirements of this document. For dated references, gunly the edition cited |applies. For
unddted references, the latest edition of the referenced document (including any amendments) applies.
Therg are no normative references in this document.

3 Terms and definitions

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

ISO gnd IEC maintain terminological databases for use in standardization at the following dddresses:
— IEC Electropedia: available at https: //fwww.electropedia.org/

— ISO Online browsing platform: available at https://www.iso.org/obp3.1

31

blowdown valve

BDV

blowdown device

valv¢ or device that dpens to depressurize a pressure vessel

EXANPLE Fusible plug.

3.2

burner arrangement

configuration of the equipment designed to engulf the test specimen in fire, with specific freference to
the sizeforientationfrequency and spacing of burner heads,and the design ¢ a aie iping

3.3

burst pressure

calculated burst pressure
<vessel> pressure that gives a hoop stress equal to the ultimate strength of the vessel material at the
specific wall temperature of interest

Note 1 to entry: For long duration tests, stress rupture analysis is also considered a realistic failure mode.

3.4

calibration test

test performed by the laboratory prior and separate to customer tests, to confirm that the chosen burner
arrangement in combination with the desired test specimen conforms with the required conditions of
this document

© ISO 2018 - All rights reserved
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critical pressure
pressure calculated for a given critical wall temperature as the burst pressure divided by a factor of
safety (FOS)

3.6

critical temperature
design limiting temperature, or a specified limiting wall temperature, that the vessel wall temperature
shall not exceed during fire exposure

Note 1 to entry: This temperature is related to a factor of safety (FOS) for the vessel when exposed to fire.

3.7
directional
DFTs
passive thel
heat flux

Note 1 to ent

3.8

factor of sa
FOS

ratio of the
temperaturg

Note 1 to ent

3.9
fire protect
thermal pr

protection afforded to the vessel to reduce the rate 6fheat transfer from the fire to the vessel, throug

the period g
as a jacket),
primer and

Note 1 to ent

3.10
pool fire
hydrocarbo

Note 1 to ent

3.11
pressure re
pressure sg

flame thermometers

mocouple based sensors that can be used for the measurement of both temperatursg

"y: Various designs are available. A simple design is described in this docunrent.

fety

calculated ultimate strength of the vessel steel at the tefperature of interest (e.g. cr
) divided by the actual hoop stress in the vessel

Fy: A typical FOS is in the range 2 to 3.

ion system
Dtection system

f exposure to fire, including any protection materials together with any encasement
and supporting system (such as‘mesh reinforcement or framing system) and any sped
fop coat if applicable

Fy: Often referred to as a thérmal protection system in North America.

n diffusion fire that occurs over a static or flowing release of flammable liquids

(y: It simulageS.large turbulent diffusion flames that are strongly radiating.

liefvalve
fety valve

and

itical

hout
[such
ified

PRV

pressure-activated valve intended to limit pressure rise to a specified value

Note 1 to entry: These valves have set opening and reclosing pressures.

3.12

pressure vessel
vessel capable of containing pressures significantly above ambient, even if normal operational
procedure does not involve pressure rise above ambient

Note 1 to entry: Pressure vessels are often referred to as vessels or tanks.

© ISO 2018 - All rights reserved
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3.13
radiation-convection balance
fraction or percentage of total heat transfer to a cool surface that is due to radiation

Note 1 to entry: The cool surface may be a water-cooled calorimeter at a temperature of up to 100 °C.

3.14
testrelated tube and pipe
additional tube or pipe added to the vessel for the purposes of performing tests

Note 1 to entry: They may not be present on the real application tank.

3.15
total containment pressure vessel
presgure vessel that has no automatic means of pressure relief or depressurization

3.16
ullage space
vapour-filled space at the top of the vessel, where there is no liquid contact with the wall

3.17

vessgl shell

primjary wall of the vessel

4 $ymbols and abbreviated terms
A area

frad radiation fraction

T temperature

t time

m mass

net net absorbed heat flux (W.m-2)
Qcony heat flux duéto’convection

drad Heat flux due to radiation

£ emissivity

o Stefan-Boltzmann constant (5,67 x 10-8 W.m~2.K-4)
Substript terms

cal calorimeter

DFT directional flame thermometer
f fire

indic indicated

s substrate

© ISO 2018 - All rights reserved 3
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5 Principle

The method provides an indication of how vessels protected with fire protection materials or systems
perform when exposed to pool fires on solid surfaces. It simulates the thermal loads to a vessel engulfed
in a large pool fire through the use of burners to create a flame capable of engulfing a vessel. To ensure
that suitable test conditions are achieved and maintained, it describes calibration tests to be performed
prior to fire testing, sets permitted tolerances from the calibrated set-up, and delimits environmental
conditions.

6 Test equipment

6.1 General

cedure is intended to simulate a liquid hydrocarbon pool fire that achieves a’heat flux to a

of 90 kW/m?2 to 120 KW/m?2.

The test prg
cool surface]

NOTE ue to

radiation and

The literature suggests that heat flux to a cool surface in a large pool fire is 80 % to 90 % d
the remainder is by convection.

piping and instrumentation diagram for a vessel testing facility\is shown in Annex A] Test

mployed in the conduct of the test consists essentially of the’following:

An example
equipment €

a)

lly designed burner arrangement to subject the test spec¢imen to the conditions specified in
pration section;

a specid
the calil
b) propang storage capable of fuelling the test for the requiréd duration;

c)
d) equipm

equipment to control and monitor the propane flow rate throughout the test;

bnt to vent and purge the vessel after testing.

6.2 Burnpr arrangement

This test pi
because the
produce a |
predominan

ocedure uses liquid propane fuelled burners to simulate a pool fire. Burners are [used
y provide more control over‘the test conditions. The burner system shall be designgd to
w momentum and lumineus fire of sufficient thickness so that the resulting heat flux is
tly by radiation (i.e. radiation fraction greater than 75 %).

To simulate
total engulf]
maximum n

The burner
informative

The burner]

pool fire conditions’a burner system shall be used. Burners shall be designed to ac
ment and unifoymity of heating and shall be present on all four sides of the vessel
pzzle spacing/;shall be no greater than 0,5 m.

design“canh be varied by the test laboratory to meet the calibration requirement;
purposes, an example of burner design is shown in Annex A.

arrangement shall be designed to receive equal mass flow rates of propane to

hieve

The

; for

two

diametrically opposite locations at the ends of the vessel to ensure broadly symmetrical heating.
The supply line length and fittings shall also be designed to ensure equal propane flow to the burner
arrangement and all supply lines. Cooling of the supply shall be provided as necessary to protect the
burner supply for the duration of the test. The burner system shall be designed to ensure stabilization of
the flow rate and stabilization of the flame temperatures (as defined by directional flame thermometers
(DFTs) in Clause 9 and Annex B) shall be achieved within 2 min of the test commencing.

6.3 Fuel supply for burners

The burner system fuel shall be commercial propane or LPG. The fuel supply shall be capable of
delivering up to 1,0 kg/s to the burner arrangement and controlling the flow rate to within +0,05 kg/s
of the target flow rate as determined by calibration testing.

© ISO 2018 - All rights reserved
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6.4 Test fluids

The test fluid for the test vessel shall be commercial propane or LPG. Means of filling the test vessel
(including air purge) prior to a test, and purging the vessel subsequent to the test to allow safe
inspection, shall be provided. Equipment to pump or push liquid propane from the test vessel back to
a storage vessel after the test may be utilised. A means of determining the total propane loss from the

test vessel throughout the test shall be available.

6.5

Test building

Large-scale exterior fire tests are subject to environmentally induced variations due to wind. Stricter

toler]
isno
Thes|

If usg

Oper]

7

7.1

Due
threq

suitable as the basis for fire testing.

The
the u
confi
meth
with

The
met
envij

during actual fire testing are-given in 7.7.

Calib
the p
rate,
envil

ances in deviation from the as-tested environmental conditions are imposed for testil
[ protected from the environment through the use of an enclosure in the form of a-shed
e tolerances are described in 7.7

d, environmental protection shall be suitably enclosed on all four sides and,have full ra
ings for ventilation shall be equally distributed and sized, so far as is prdeticable.

Calibration tests

General requirements

to the variations involved in external large-scale testing, it is required to successfy
e calibration tests before a particular fire burner syStem and test configuration ig

het heat flux to a water-filled vessel shall betdetermined and DFTs shall be used to
niformity of heating and the radiation-convéction balance. A thermal imager shall als
rm uniformity of heating and radiation-gonvection balance in the calibration tests. See|
ods to estimate the radiation-convection balance. All three tests shall be performed in
7.2 and 7.3 and shall use the same:vessel, burner configurations and test parameters.

calibration test results shall be assessed in accordance with 7.4. Once a test config
the requirements in 7.5, itsshall be considered suitable for testing of actual test s
onmental conditions as-defined in 7.6. The tolerances in variation from the calibratio

ration testing should be repeated in the event of any modifications to the test speci

any significaht’modifications to the test equipment or test building, or any departy
onmental ¢onditions as defined in 7.6.

Calib
liste
up a

f

ration,tests shall be performed at least every three years even in the event of no
above, to ensure equipment functions as intended. Calibration test results shall

ng if the test
or building.

of coverage.

lly perform
considered

assess both
o be used to
Annex D for
accordance

uration has
becimens in
h test set up

men beyond

ermitted toleganees in 7.7, any modifications to the burner or nozzle arrangement or propane flow

re from the

changes as
be written

calibration reports as described in 7.8 and retained by the test laboratory for refd

rence when

cond

7.2

ucting future fire tests.

Calibration test vessel construction

The calibration vessel shall be manufactured according to appropriate pressure vessel regulations. It
shall have a minimum diameter of 1 200 mm, and a minimum length of 2 000 mm. The vessel shall be
supported on two steel saddles, which shall be insulated or water-cooled. No fire protection materials
or system shall be installed on the calibration vessel shell.

An appropriately sized vent shall be cut at the top of the vessel to permit extraction of thermocouples
and to prevent pressurization during calibration. An agitator shall be installed within the vessel,
located close to the middle. Only connecting piping required for operation of the agitator is permitted,

© ISO 2018 - All rights reserved
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and this piping may be water-cooled if necessary. Any covers or guards for gauges and connections
shall be removed, and all remaining connections shall be sealed.

The vessel shell shall be instrumented with 16 DFTs. A simple design of DFTs is given as an example in
Annex B. DFTs shall be attached to the vessel in locations shown in Figure 1. Individual TCs that conflict
with the position of lifting lugs or fittings may be moved by up to 0,15 m. Thermocouples that conflict
with saddles shall be moved horizontally towards the middle of the vessel until they are at least 0,25 m
from the saddle.

The calibration vessel shall be internally instrumented with 10 insulated type k thermocouples (1,5 mm
minimum diameter) for measurement of the water temperature. The internal thermocouples shall
be located attw ations atrd atong-theprimary-axiso e-resselbetweenthetangentylines
(often referred to as tan lines) as shown in Figure 2. The thermocouples shall be spaced to measure the
temperatur¢ of five horizontal zones of equal volume. The vessel shall be filled 100 % with water gnd a
splash coverf added to minimize splash cooling of the outer top surface of the vessel during fire, without
allowing pré¢ssurization of the vessel.

v, . v

A thermal imager with an appropriate temperature range and resolution (at least480 x 240) shall be
used to view the fire to assist in the confirmation of radiation-convection balance.

6 © ISO 2018 - All rights reserved
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Figure 1 — Calibration test vessel

7.3 Calibration test procedure
Unless explicitly stated otherwise, the calibration tests shall be performed in accordance with Clause 11.

The calibration tests shall be initiated with water at a maximum temperature of 30 °C. The
calibration tests terminated at the termination time (t;), defined as the time when the average
water temperature reaches 90 °C or the time when an individual water temperature reaches 95 °C,
whichever is achieved first.

© ISO 2018 - All rights reserved 7
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The environmental conditions, including wind speed and precipitation in the vicinity of the exterior
of the test building, shall be monitored throughout the test. Results from the calibration test shall
be reported along with detailed descriptions of the calibration vessel dimensions, environmental
conditions, fuel mass flow rate and burner configuration. The report shall be retained by the test
laboratory for future reference when setting up and conducting vessel fire tests.

3
E ~
< E = o 4 9
Q o E hd )
NE N4 19
D~ E \\T )

~ ~ /

==

| R

o (@]

— | -

S~

o —

1/31L 1/3 1L 3L

—
@)

S
O

vl
—
(e)

VPt
Noe e e}

Key
1to10 thefmocouple positions
L length of cylind¥xical part body of vessel (tan to tan length)

Figure 2 — Internal thermocouple positions for the net heat flux test

7.4 Analysis of calibration tests

Prior to analysis of test results, calculation is required of the mass of water in the vessel, the surface
area of the vessel shell, excluding the saddle contact area if insulated, and mass of the vessel shell
excluding saddles, lifting lugs and connections. The average water temperature at any given time shall
be calculated using Formula (1).

8 © ISO 2018 - All rights reserved
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)_((Tl,t Tt )+)_((T2,t Tz )+)_((T3,t Tt )+)_((T4,t Tyt )+)_((T5,t T1ot )
5

T .=

w,t

where

The gverage net heat flux to the vessel shall be calculated for t; in accordance with Bormula

wherte

Tw; is the average water temperature at time ¢;

Tnt is the temperature of Thermocouple n at time t.

K denotes the mean average

B ATsmgcg + ATy, my,Cy,

net —
ttAs

ATsy is the vessel shell temperature, assumed equal to ATy p (°C);
ATw, is the result of Tyt — Tw,0 (°C);

s  isthe mass of steel (kg);

My isthe mass of water (kg);

ds is the specific heat capacity of steely(].kg-1K-1);

dw isthe specific heat capacity.of water (]J.kg-1K-1);

Ot is the duration of test (time of termination) (s);

As is the surface area-of vessel shell (m?2).

(2).

)

(2)

For the purposes of calculating Ty, o the start of the test (t equals zero) shall be taken as the time in the

test yhen the propane‘burner mass flow rate first stabilises at the target flow rate.

The temperatureofidirectional flame thermometer (Tprr) shall be calculated for each ind
as an average temperature over the test period of stable propane mass flow rate.

7.5

For the-calibration test results to be valid the following criteria shall be met:

a)
b)

Requirements for successful calibration tests

A minimum of 8 internal TCs shall be valid throughout the test;

A minimum of 13 DFTs shall be valid throughout the test;

¢) A minimum of 2 DFTs shall be valid along the top of the shell throughout the test;

d) Atleast1 DFT shall be valid on each side, the bottom and both ends throughout the test.

For the calibration test results to be acceptable the following criteria shall be met:

a) The calculated average net heat flux gpet shall be a minimum of 90 kW/m?2;

b) The average of all valid Tprt values shall be within the range 816 °C to 927 °C;

© ISO 2018 - All rights reserved

ividual DFT


https://standardsiso.com/api/?name=13fae8c191664dfd9d6d1bf7f514e4fb

ISO 21843

:2018(E)

c) 80 % ofindividual valid Tppt values shall be within the range 816 °C to 927 °C;

All individual valid Tppr values shall be within the range 670 °C to 1 070 °C;

e) The ratio of the average (reading in degrees Celsius) of the valid DFTs along the top of the vessel to
the average (reading in degrees Celsius) of all valid direction flame thermometers shall be no lower
than 0,85;

f) the average radiation-convection balance for a cool surface shall be greater than or equal to 75 %.

Failure to meet the above requirements shall require the calibration test to be repeated using a modified
set-up or under different environmental conditions.

7.6 Envin

The wind speed and direction throughout all calibration tests shall be monitored andréecorded
s or less and the average over time calculated for each test respectively, Thé average
ded on the calibration report as the maximum permissible shall be thermaximum recqrded
ee calibration tests. Precipitation shall be recorded through a detailed'description including
rerity (e.g. dry, snow, light rain, heavy rain).

interval of J
speed recor
from the thr
type and sey

7.7 Tolerances

On successf
fire tests uf
deviations 4

s described in Table 1.

onmental conditions

Table 1 — Permitted deviations from-¢alibration test conditions

At an
wind

1] completion of all calibration tests, the test configuration is considered suitable to perfform
der the same conditions as reported during calibratign tests, subject to the tolerandes in

Category Parameter Upper p_er_mltted Lower per_mltted
deviation deviation
Outer diameter +50 mm -200 mm
Tept specimen Length +50 mm -500 mm
Shell thickness No limit No limit
_ - Average wind speed +5m/s No limit
Environmgntal conditions: en- Wind direction No limit No limit
closed tests
Precipitation No limit No limit
Average wind speed +0,5m/s No limit
+45°/-45° or +225°/135° relative to any ayer-
Average wind direction age wind direction recorded among the cpli-
. N\ bration tests
Environmerital conditions: exter-

nalfests

Tests shall be performed when there is a rea-
sonable expectation of no precipitation. Short

D ait ot
TTCCTPTCatIOT

lJCl ;udo Uf llisht }JL Cuiyitat;uu oha“ llUt ;llV al date
a testif less than 10 % of the test duration is
affected.

Test parameters

Propane flow rate

+0,05 kg/s

| -0,05 kg/s

Burner arrangement

No modifications permitted

Fuel composition

No modifications permitted

Table 1 shall apply at the start of a test. In the event of changes in wind and environmental conditions
during a test causing conditions to fall outside the permitted values the DFT data may be used to assess
test validity, using the criteria stated in 18.6.
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7.8 Calibration report
The calibration report shall contain the following:
a) Thename ofthetestinglaboratory, test date, unique testreference number and reportidentification;

b) complete description of the calibration specimen, including calibration vessel dimensions;
parameters and details of additional gauges present; details of additional insulation systems used
for tubing, piping and saddles;

c) complete description of instrumentation used, including pressure transducers and thermocouples,

hen appropriate, details of any deviations from the normal test configurations_and|the reasons
or them;

e) Ttecord of test details and post fire characterization including:

1) ambient conditions including precipitation, temperature, humidity, wind speefl and wind
direction (in the vicinity of the test specimen or test building) throughout the test at intervals
of 5 s or less;

2) fuel pressure and temperature at intervals of 2 s or less’throughout the test, where these are
used to calculate mass flow rate, and the method of contyol and calculation;

3) fuel mass flow rate at intervals of 2 s or less througlout the test and total mass of fluel used;
4) fuel composition;

f) the testresult, in the format given below:
1) the behaviour and appearance of the test specimen during and after the test and photographs;

1) temperature/time graphs and spreadsheets of temperatures at no more than 30 s |ntervals for
each thermocouple and DFT;

g) the results and intermediate talculation steps of calculations performed in accordancelwith 7.4;

h) 4 comparison of test results against the requirements in 7.5 and a statement of whether the test
¢onfiguration meets the requirements and is suitable for fire testing;

i) 4n assessment ofthée’environmental conditions in accordance with 7.6, including meanfwind speed
gnd precipitation throughout the test;

j) 3 descriptionof permitted tolerances, in accordance with 7.7, for future fire testing.

8 Construction of fire test specimens

Fire test specimens shall be manufactured accordingly to appropriate pressure vessel standards (e.g.
BS PD 5500, DIN 4680) and hydrostatically tested prior to fire testing. Test specimens shall be bullet-
type vessels with rounded ends of dimensions identical to those used for calibration testing under
Clause 7, subject to the tolerances in 7.7. The vessel shall be supported on two steel saddles, which
may be insulated if required to ensure stability for the duration of the test. Unnecessary valves and
gauges shall be removed, and all remaining connections shall be sealed. Covers or guards for gauges
and connections shall be removed.

Any piping connecting to propane storage or venting that is to remain in place during the test shall
be insulated for the duration of the test. Alternative insulation systems to the primary fire protection
material or system tested may be used, subject to the termination detail at the joint of two insulation
systems being designed to minimise the area of the vessel shell not protected by the primary test
material and being documented in the test report.
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Pressure relief valve (PRV) or blowdown valve (BDV) performance in a fire test is a variable outside
the scope of fire protection material or system performance determination and is addressed in other
standards (e.g. ISO 23251). PRVs or BDVs shall be simulated through the use of piping extending outside
the fire engulfed zone to a fast acting (<0,5 s) full-port actuated valve connected to a discharge nozzle.
The design of the discharge nozzle shall give the same flow capacity as the required PRV or BDV design
standard, and control of the ball valve shall be set to mimic the appropriate activation pressure and re-
close pressure as appropriate. A pilot flame shall be used to prevent formation of a cloud of unburnt gas.
Further commentary on PRV and BDV and the applicability of test results is given in 16.1.

Pressure gauges, level gauges and any other vessel monitoring equipment utilised shall have a fire
rating, or be insulated, equivalent to that of the design rating of the fire protection material or system.

The testves
in terms of
results in cd

9 Instru

The pressuf
diameter) p
accordance
fittings may
be moved h
Fire protect
one of these

The pressuj
measureme

The vessel s
the bottom,

bel shall be filled to level of 20 % by volume with propane, representing a worst-case,sce
fire protection material or system response. Further commentary on the applicabilj
nsideration of fill level is given in 16.2.

mentation

e vessel wall shall be fitted with 21 insulated type k thermocaotplés (1,5 mm mini
bsitioned in accordance with Figure 3. All thermocouples shall be attached to the ves

be moved radially by up to 0,1 m. Thermocouple positionsthat conflict with saddles

ion materials with joints shall have at least 4 thermoceouples present at a joint, with at
located at the top of the vessel and at least 2 further located above the fill line if possil

hts of both the liquid and vapour space temperatures, if required by the test sponsor.

nell shall be fitted with 10 DFTs. Three shall be placed along the top of the vessel, three

DFT positio

s shall be moved from those indicated to give a minimum of 150 mm distance to each

thermocouple position and any fittings or lifting lugs present. DFTs shall be oriented such that they
away from the vessel. In the event of the thermal protection system being of a nature that precludes d

DFT attach

The vessel
transducers|
shall be app

ent, they shall be supported-at a maximum distance of 150 mm from the vessel.

shall be fitted with2 pressure transducers connected by tubing to the vessel. |
are connected to the“liquid space of the vessel, then all connecting tube exposed t
ropriately insulated to ensure boiling does not take place in the tubes.

hario
ty of
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bel in

with the method in Annex C. Individual TCs that conflict with the position of lifting lugs or

shall

brizontally towards the middle of the vessel until they dre at least 0,25 m from the saddle.
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‘e vessel interior may be fitted with 5 type k“thermocouples (1,5 mm) to give sample
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bne at each end and one at the centre of each side. Nominal positions are indicated in Figuire 3.
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Key
1to 1 thermocouple positions
DFT1fto DF10 directional flame;thermometer (DFT) positions
L length of cylindrical part body of vessel (tan to tan length)

Figure 3 — Fire test specimen thermocouple positions

10 Firé protection materials and systems

10.1 General

The fire protection materials are either coated directly onto the vessel or mounted directly onto the
vessel or to a frame mounted on to the vessel. The surface of the vessel shell shall be prepared and the
fire protection system applied in a manner representative of practice. The protection material shall be
installed or applied to protect the entirety of the vessel shell, at thickness specified by the manufacturer
of the protection.

10.2 Applied fire protection materials

If the fire protection is a coating material, the thickness shall be measured at the positions specified in
Figure 4. Measurement shall be taken at the intersection position of eight lines that run parallel to the
vessel axis, shown as A to H in Figure 4, and numerous circumferential bands, shown as numbers 1 to
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7 in Figure 4. Bands 1 and 7 contain only a single measurement point and shall be omitted if the vessel
has a flange in the same location. Bands 2 and 6 shall be at a distance from the tan line (L2) such that
the distance to the adjacent bands is equal, as measured on the surface of the vessel. Bands 3 and 5 shall
be at the tangent line. They may be moved by up to 100 mm towards the centre of the vessel to avoid the
weld line if necessary. The number of bands on the cylindrical body of the vessel shall be the minimum
number possible while ensuring that L1 does not exceed 500 mm.

At each measurement point the thickness shall be recorded as the average of a minimum of five spot
measurements, 1 at the centre of the measurement point and 4 further points located 50 mm to 100 mm
to each side.

L2 L1 : L1 . L1 : L1 L2

Key
e measurement peint

Figure 4 — Material thickness measurement positions
If thermocouple cover plates are used then a measurement point should be taken in the approximate
centre of each cover plate.

If there are signs of thinning or thickening at positions away from the indicated measurement points
additional measurements should be taken.

Measurements should be taken by non-destructive methods such as ultrasonic or eddy current depth
gauges. Equipment should be described in the report with the method of calibration. Care should be
taken to ensure mesh reinforcement does not lead to a false reading. If necessary, the thickness may be
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measured by drilling a 1,5 mm hole and then using a depth gauge. For cementitious sprays, a thickness
gauge may be used with the measurement needle penetrating the soft sprayed material.

NOTE Figure 4 shows a total of 58 measurement positions, with three measurement positions on the
cylindrical tank body along each line (4a to 4c). Longer tanks can require more measurement positions.

For reactive coatings and other applied fire protection materials the average primer thickness should
be measured first and subtracted from the total average primer and reactive coating thickness. The
resulting permitted thickness tolerances excluding primer and topcoat (assuming normal distribution
of measured thickness) shall be as follows:

a) minimum of 68 % of readings shall be within +20 % of the mean:

b) 4 minimum of 95 % of readings shall be within #30 % of the mean;
c) all readings shall be within +45 % of the mean.

If the thickness is outside these limits the test specimens shall be adjustedCto comply|with above
requjrements.

10.3 Assemblies and mounted fire protection systems

For gre-fabricated protective (PFP) systems, the type of joints orf\fittings used to secure thg protection
systdm shall be the same as used in actual site-installation.

11 Test procedure

a) The sponsor shall specify the duration of the tést. This may be varied during the test according to
ow the specimen performs. The maximumniZcritical wall temperature and the maxirum critical
ressure reached within the vessel shall be‘specified in agreement with the test laboratory, taking
into account sufficient safety margin forsafe execution of the test.

b) The sponsor shall provide the spécimen for the test in a condition representative of fits practical
pplication.

c) Photographs shall be takenmofthe test specimen before the test.
d) Ifthe fire protection js-a.coating material, measure the thickness as described in 10.2.

e) For thermo-setting-(e.g. intumescent) materials hardness measurements shall bel made at a
inimum of thfeepositions, selected at the discretion of the test laboratory.

f) The vesselshall be filled to the level required and the exact fill level recorded.

g) [IEnvirenmental conditions shall be measured immediately before the test and any significant
hafiges during the test noted. Measurements taken shall include ambient temperatpire, vicinity
ind speed, wind direction and a general description of any precipitation.

h) Ensure that a steady flow rate of fuel is provided. When the test flame first ignites a timer shall
be started and the flow rate, temperatures and pressures monitored. Readings of the instruments
shall be taken at the intervals no greater than the maximum specified.

i) Observations shall be recorded of significant detail of the behaviour and appearance of the test
specimen during the test and after the fire is extinguished. Detail on deformation, spalling, cracking
or burning of the fire protection material and continuance of flaming shall be noted.

j)  Photographs of the test specimen shall be taken as soon as is practicable after the fire has been
extinguished and also approximately one hour after the fire is extinguished. These shall be included
in the test report.

k) Continuous visual records shall be made of the test.
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12 Termination of the test

The test shall be continued until either the termination time or the critical temperature and/or critical
pressure selected prior to the test is reached. The test laboratory may prematurely stop the test in
the interest of safety if they observe, visually or through instrumentation, anything that would give
them good reason to suspect the presence of a local hot spot that could compromise the integrity of the
pressure vessel.
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jany factors that can affect the result of a fire resistance test. Key factorsyequiring
the burner system fuel flow rate, the geometry of the test specimen*and the bt
t. Environmental conditions outside the operators control can have, a significant e
strictions on environmental conditions imposed.

15 Test report

The test rep|
a) thenam
b) names ¢

c¢) documsg
the PFP
authorit

d) complef
pre
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ves
det
det
det

det

ort shall include the following information:
e of the testing laboratory, test date, unique test reference number and report identifica
f the sponsor/customer, the manufacturer andithe product or system;

ntation on how and when the test speciimen was prepared, details of the applicati
material, the name of the applicator:¢ompany and, if appropriate, the name of app

Y

e description of the test specimen) including:

ssure rating;

gn code and standard;

tel dimensions (diameter length, head type, wall and head thickness);
hils of fittings) gauges and penetrations;

hils of veSsel supports;

hilsofiWessel material;

table.

close
Irner
ffect,

tion;

bn of
roval
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details of any connecting piping;

details of the test fluid;

10. test fill level;

11. PRV type, flow capacity, open and close pressures;

e) complete description of fire protection system present, including construction drawings wherever
possible; measurements of the thickness of fire protection material including the mean, standard
deviation and range of measurements; details of any intentional thickness steps or changes (if
present); hardness if measured; details of any joint (if applicable) including positions, type, size of

overlap

16

and method of fixing;
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for them;

g)

1y

2)

3)

arecord of test details and post fire characterization including;

ambient conditions recorded at intervals of no more than 5 s;

fuel pressure and temperature at intervals of no more than 2 s throughout the

when appropriate, details of any deviations from the normal test configurations and the reasons

test, where

these are used to calculate mass flow rate, and the method of control and calculation;

fuel mass flow rate at intervals of no more than 2 s throughout the test and total mass of

fuel used;

=

h) {

=1

The quantity of test fluid remaining in the vessel at the end of the test may be reported if a
sor and test laboratory,in advance of the test.

spon

16 ]

16.1 Pressure relief valve (PRV)

Actiy

)

)

VEeSSq

he test result, in the format given below:

Practical application of test results

atién‘of a PRV during the fire test mitigates the test severity by reducing the temper
pl‘contents. In the event of PRV discharge, the direct classification as described in Clg

for reacting materials, the thickness of unreacted or partially reacted material left
the test and the char thickness at positions where the initial thickness was measur

for materials retained/supported by a reinforcing mesh, the condition of/the mesh
the test;

for assemblies, a full inspection following the test to validate cénstruction detail
fire performance (the assembly should be dismantled so that al.components of the
be checked for flame penetration, integrity and general condition and a visual reca

the behaviour and appearance of the test specimenduring and after the test and p

temperature/time graphs and tabulated data 6f temperatures at no more than 3
for each thermocouple;

pressure/time graphs and tabulated dat@ of pressure at no more than 30 second
each pressure transducer;

the time and duration of activationrof any PRVs, if present;

an optional classification in terms of the type of specimen tested, maximum temp
and period of resistance in accordance with Clause 19.

at the end of
ed;
ht the end of

5 and assess
system can
rd made);

hotographs;

s intervals

ntervals for

erature rise

breed by the

ature of the
use 19 shall

be either restricted to the time at which the PRV first opens, or shall be considered valid for the full
duration of the test but restricted to the exact design of vessel and PRV as tested.

16.2 Propane (or alternative test fluid) fill level

A minimum fill level of 20 % is specified to provide an adequate rate of pressurization and represent an
approximately worst-case balance between time to failure and severity of rupture. Increasing the fill
level mitigates the severity of the test from the standpoint of the protection system, by increasing the
heat sink and area of the shell wetted by the contents. Direct classification based on 20 % fill level tests
shall be considered suitable for all vessel fill levels.
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17 Performance criteria

17.1 General

Itis not the purpose of this test method to provide guidance on the acceptability of a particular thickness
of fire protection coating or method of assembly. Although the method specified has been designed to
simulate some of the conditions that occur in a petroleum or LPG fuelled pool fire on solid surfaces, it
cannot reproduce them all exactly. The results of this test do not guarantee safety but may be used as
elements of a fire risk assessment for plant. This should also take into account all the other factors that
are pertinent to an assessment of the fire hazard for a particular end use.

The criterign of performance, provided by the test, is the minimum time required to reach the
critical temperature associated with the fire scenario to be protected against. However, the-factdrs in
subsequent subclauses shall also be considered when assessing performance.

17.2 Substrate temperature

The time-temperature profile at each measurement position shall be used to detérmine the maximum
temperatur¢ at each position during the test. As pressurised vessels can ruptube when a localisefl hot
spot occurs/|the mean substrate temperature shall not be used in the evaluation. The position and|time
of any sudden increase in the rate of temperature rise, if any, should be recorded as it is indicative
of possible failure of the coating/system/assembly at that point. For{the same reasons, the localized
maximum témperature rise shall be reported in conjunction with.thé nearest fire protection material
thickness fofr coating type systems.

17.3 Coatings and spray-applied materials

The amount of unreacted/partially reacted materialk‘femaining and the amount and conditipn of
the reacted|material (char for epoxy intumescent or subliming materials) provides an indicatipn of
performancp. Particularly for the protection of any-edge features, the condition of any reinforcement
is important. The condition of the reacted material and the amount of unreacted/partially reacted
material can be evaluated in terms of:

a) bare matal exposed and reinforcement destroyed;

b) no barg metal exposed but thé_veinforcement in poor condition and the reacted material dasily
detachaple;

c) reacted|material firmly @ttached and the majority of the reinforcement intact and attached;
d) unreactled/partiallyteacted material present, reacted material and reinforcement firmly attached.

If the tempefature.criterion is met, then a specimen meeting criterion d) clearly provides a wider spfety
margin thaq\c a_specimen meeting criterion a). A statement of the criterion that is most appropriate

should be infcluded in the report.

Cementitious materials lose retained water during the test and then act as passive insulators. The
external appearance and material thickness may not change significantly; however, whilst water is
present, the temperature of the substrate remains at 100 °C and, when all the water has been driven
off, the temperature increases to above 100 °C. Examination of the temperature-time curves provides
an indication of whether there is retained water (unreacted or partially reacted material) at the end of
the test.

17.4 Systems and assemblies

The penetration of flames or hot gases through any cracks, holes or breaches in joints should be
considered when assessing the integrity of a system. Particularly for flexible systems (e.g. fibre-
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type materials), the condition of the method of fixing (straps, etc.) is also important. The amount of
penetration and condition of the method of fixing can be evaluated in terms of:

a) evidence of passage of flames through the system with the fixing system ineffective;
b) evidence of passage of hot gases/smoke through the system with the fixing system effective;
c) no passage of hot gases through the system and with the fixing system effective.

If the temperature criterion is met, then a specimen meeting criterion c) clearly provides a wider safety
margin than a specimen meeting criterion a). A statement of the criterion that is most appropriate
should be included in the report.

18 Factors affecting the validity of the test

18.1) Interruption of the test

It is |nevitable that, in some tests, a control or instrumentation failure results in an interfuption. Due
to the total energy content within the vessel being critical to the severity-of the test, interruptions shall
termlinate the test. Restarting the test shall not be permitted. In the évent of unintentional Interruption
occufring within the first 2 min of the test (e.g. failure to light all burners) the test may He restarted,
cominencing at a time of 0.

18.2 Failure of thermocouples and DFTs

Up tq one shell thermocouple may fail prior to a test afterapplication or fitting of the protectiion material
and the test shall be allowed. During fire testing, amaximum of three shell thermocouples may fail and
the tpst shall still be considered valid. This shalldbe reduced to a maximum of two shell thegrmocouples
if ong failed prior to commencement of the test:-No more than two failures may occur from the five shell
thermocouples across the top of the vessel.

Up tg two DFTs may fail and the test shall'still be considered valid.

18.3 Failure of pressure transducers

An upexpected pressure transient can be an indication of a defect in a fire protection system. During
fire tlesting a maximum of.ohe pressure transducer may fail and the test shall be considered valid.

18.4 Test related tube and pipe

Any tube and pipe connected to the test tank that is not present in the real application vesse| is regarded
as a fest related tube and pipe. This test related tube and pipe is used to connect instrumgnts or other
necepsary\linies (e.g. emergency dump, etc.). This tube or pipe can affect the thermohydraulics within
the tpsttank.

All test related tube and pipes connected to the tank bottom shall be filled with liquid by gravity. These
liquid filled lines shall be well insulated from the fire to ensure that boiling does not take place in the
tube/pipe. Boiling in the tube/pipe can cause jetting of liquid and vapour into the tank causing mixing
that would not be present in a real application vessel installation. This mixing affects how the tank
pressurizes. If boiling takes place in pressure transducer lines it affects the indicated tank pressures.
These liquid filled lines shall include thermocouples to clearly show that the liquid does not reach the
boiling temperature for the measured tank pressure during the test.

A tube and pipe connected to the top of the tank shall be filled with vapour. Condensation is possible
in these lines. The volume of a test related vapour filled tube and pipe shall be kept to a minimum and
shall not exceed 2 % of the tank vapour space volume.
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18.5 Variation in environmental conditions

It is recognised that environmental conditions are outside the control of the test operator or sponsor.
Despite this, the significant effect they can have on exposed tests requires limitations on acceptable
conditions. The tolerances described in 7.7 shall apply to all tests. Tests conducted in conditions which
exceed these limits shall be considered invalid unless further calibration testing can be done to extend
the range of acceptable environmental conditions.

18.6 Directional flame thermometer (DFT) results

For the test

a) The ave

b) All indi

c¢) The rat

directid
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ii) specifie
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19.2 Type
1SO 13702 d

performed t

result to be valid the following criteria shall be met:

rage of all valid Tppr values shall be within the range 816 °C to 927 °C;
idual valid Tppt values shall be within the range 670 °Cto 1 070 °C;

o of the average of the valid DFTs along the top of the vessel to the ayerage of all
n flame thermometers shall be no lower than 0,85.

a shall exclude the first two minutes of the test.

imended classification procedures

ral

e vessels in fires the classifications/requirements-dre specified in one of two ways:

d fire exposure duration for no vessel failure.

br/authority will specify which one of‘these to use in a given test.

of fire

istinguishes between celwlosic fires (CF), hydrocarbon pool fires (HC) and jet fires. Te
o this test procedureshall be designated HC.

d fire exposure duration and specified maximum allowable measured wall temperatuf

valid

sting

bn of

19.3 Type|of application

The test sp¢cimen is a-pressure vessel. The following details shall be included in the descripti
this vessel:

a) pressurg rating;

b) design cedeand-standard:

c) vessel dimensions (diameter, length, head type, wall and head thickness);

d) details of fittings and penetrations;

e) details of vessel support;

f) details of vessel material;

g) details of test fluid;

h) testfill level;

i) PRV type, flow capacity, open and close pressures.
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19.4 Classification based on temperature rise and period of resistance

The period of resistance is the total time that the specimen is exposed to the fire. This is the overall
test period or the time of interruption of the fire as described in 18.1. The period of resistance shall be
rounded down to the nearest 5 min. The temperature rise shall be taken at the highest temperature
rise observed at any location during the test.

19.5 Classification based on duration before failure

The duration before failure is the time before tank failure while the vessel is fully engulfed in a steady
fire as indicated by the DFT measurements. Tank failure is when there is a release of test fluid from an
openling in the vessel other than a PRV. Further information is given in Annex E.
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(informative)

Example P&I diagram for test facility

See Figure A.1.
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Figure A.1 — Diagram
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Annex B
(informative)

Directional flame thermometers (DFTs)

General

The
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) °C for a period of 15 min and consist of a type k thermocouple attached ce 1y
ce of a small steel plate. Rear-surface insulation ensures the instrument reas s thg
Falent fire temperature in the hemispherical direction viewed by the instr@ent.

DFTs (see example illustrated in Figure B.1) should be capable of withstandinE te\%]

mall steel plate shall not exceed 0,3 mm thickness or measure more th%b 80 mm x 80

hed to arear surface. Itis recognized that this increasesQe field-of-view of the instrur
hemispherical, however the results are considered Y\@H for the purposes of calibratig

7

beratures of
to the rear-
black-body

mm.

'ear side of the steel plate shall be insulated with a low-density in@ation capable of withstanding
°C. The minimum insulation thickness shall be 25 mm. o
onstructability purposes the steel plate may wrap aro the edges of the insulation and be

nent beyond
n testing.

© ISO

Figure B.1 — Example DFTI[10]
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Annex C
(normative)

Method of affixing thermometers

C.1 General

Thermocouples shall be affixed by the use of spot welded wire or thin strips of metal. The wﬁ%a
metal shall erminate with 5 mm and 30 mm from the end of the thermocouple to ensure it isl/%sh

the vessel s

Optional coy
not exceed 1
method as t

rface (as shown in Figure C.1).

('5 .
'\Q’b‘
YV

Figure C.1 — Method o@fixing thermocouples
N~

WO
rer plates may be used to assist }orm application of fire protection systems. These
50 mm x 150 mm in size, and shall be affixed to the vessel using spot welding or the
he thermocouples. No ins n shall be permitted under the cover plates. See Figure

ning
with

shall
bame
C.2.

Figure C.2 — Optional thermocouple cover plates

Vessels being re-used shall undergo appropriate surface preparation and hydrostatic testing prior to
installation of fire protection systems. Thermocouples may be retained subject to testing. Any faulty
thermocouple shall be replaced prior to installation of fire protection systems.
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Annex D
(informative)

Radiation convection balance

General

The
base
One
metH

D.2
This

and 1
temp

D.2.
For t

NOTH
the d

D.2.

The
test t
in th

D.2.

It sh
calcy

D.2.4
It sh{

 fire is a good simulation of a large pool fire. The R-C balance can be estimated.in t
method is by calculation from DFT temperatures and water-cooled calorimeter, data, a
od is by using a thermal imager. There is uncertainty in both methods.

Method 1: Calculation from temperature data

method is based on the energy balance equations of the directional flame thermor
he water-cooled calorimeter. It is adapted from reference [9]. It requires estimation
erature and the surface emissivity of the DFT and calorinieter.

I Flame temperature
he purpose of this analysis, the flame temperature-shall be assumed to be 1 100 °C.

It is recognised that there is an inherent eryor caused by assuming the flame temperat
boree of error can be considered acceptable in-the interest of standardising the calculation.

P Surface emissivity (&)

DFT and water-cooled calorimeter shall be subjected to fire prior to the calibration t¢
o allow soot deposits and inérease the emissivity. A surface emissivity of 0,85 + 0,05 s
b calculation.

B Calorimeter temperature (7Tc,)

i1l be taken as the average water temperature at the point of termination of the cali
lated in accondance with Formula (1).

i DFT-temperature (Tprr)

1] be the average of all valid DFT average temperature values, calculated in accordanc

radiation-convection (R-C) balance is an important parameter to determine Whetljer a burner

vo ways[11].
nd the other

neter (DFT)
of the flame

ure, however

bst or actual
hall be used

bration test,

b with 7.4

NOTE For the purposes of the calculation the DFT recelving surface shall be assumed to behave
Heat losses are not considered in the calculation.

D.2.5 Ambient temperature (Tamp)

adiabatically.

It shall be the average ambient temperature recorded during the period of the calibration test.

© ISO
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D.2.6 Calculation methodology
The convection heat transfer coefficient shall be calculated using Formula (D.1).

T

Qnet T O ( cal — TDFT)
(Toer —Tear)

The calculated convection coefficient, assumed flame temperature, ambient temperature and the
surface emissivity shall be substituted into Formula (D.2). The equation can then be solved iteratively,

(D.1)

varying the flame emlsswlty (Sf) between 0 and 1 until the calculated heat flux equals the net heat flux

4

Anet =OFsE¢Tf +0O€ (1 gf) mb +h( cal) Tcal (D.2)
The indiviqual convection and radiation components shall be calculated in aecordance |with
Formulae (I}.3) and (D.4) using the assumed fire temperature and the flame emissivity value deternjined
iteratively il accordance with Formula (D.2), as appropriate.

Qeonv ={T¢ _Tcal) (D.3)

— 4 4

Qrad _Ggsngf +TO€g (1_8f )Tamb _GesTcal (D.4)

The radiatign fraction shall be calculated in accordance with Farmula (D.5).
Qrad
frag =—med (D.5)
Qrad T 9conv

D.3 Method 2: Thermal imager use
This methoi]uses a thermal imager to estimate the effective black body radiating temperature df the
fire. This temperature is compared to the\DFT temperatures. An appropriate thermal imager is needed
to view thelfire and calibration tank(during the calibration tests. This thermal imager views th¢ fire
engulfed tank and measures the wall (water-cooled) temperature and the DFT temperature on the|tank
side. These femperature measurements are referred to as the indicated temperatures. The indi¢ated
temperatur¢s are different to (generally higher than) the true DFT and true wall temperatures bedause
the thermall|imager is looking-through the fire.
The energy balance egquations for the indicated temperatures and for the real DFT and |wall
temperatures can bg solved simultaneously to calculate the fire emissivity and the convective|heat
transfer coefficient:
D.3.1 Emissivity

The emissivity in the thermal imager shall be set to equal 1. The range from the imager to the fire and
the air humidity shall be set according to the conditions at the time of measurement.

NOTE Setting the thermal imager emissivity as 1 ensures the imager shows the effective black body fire
temperature in the direction facing the thermal imager. This is not exactly the same as what the tank sees
because the imager sees the tank behind the fire, and the tank sees the cool surroundings behind the fire. If the
fire has high emissivity this error is small. This calculation is not exact but it gives a reasonable estimate of these
variables.

26 © ISO 2018 - All rights reserved
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D.3.2 Assumptions
This method is based on the following assumptions:
i) the thermal imager spectral operating window is appropriate for fire analysis;

ii) the fire has high soot concentration (volume fraction > 1 ppm) and therefore radiates and absorbs
as a gray body;

iii) the fire is steady;

iv) the fire thickness is constant and uniform;

v) fhe fire temperature and emissivity are constant and uniform;
vi) gtmospheric attenuation can be ignored;

vii) yiewed surfaces have high surface emissivity (e > 0,9);

viii) yiew factor for surface to fire is F = 1;

ix) ¢onvection heat transfer coefficient on the calorimeter tank and on\DFT are the same.

D.3.3 Measurement position

The position of the DFTs and the cool wall measuring points.on the wall shall be selected tp ensure the
fire depth is equal for all the surfaces viewed.

NOTE1 Thisis necessary because the fire emissivity is.related to the fire depth. For example, th¢ fire depth is
usually thinner at the tank mid height than at the tank top. If the DFT is mounted at the tank mid height and the
cool yall is viewed at the tank top then the depth of fire is different and this leads to different flam¢ emissivities
for these two samples. This adds uncertainty to the-ealculation of the radiation convection balance.
NOTE 2  The flame temperature, thickness)-soot content, etc. will inevitably vary over the tank surface and

with [time. This analysis is a spot check at\one location. This method can optionally be repeated|at numerous
locatjons to derive an average value.

D.3.4 Fire emissivity

Consjidering a fire as a gasvelume radiating to a surface, the flame emissivity is given by Formula (D.6)I8l.

gr=1—e %m (D.6)

wherte

gr As'the flame emissivity;

itetlhao €1 43 43 ££3 3 £ Lo
U IS LIIT TIAdIIIT TALUITICLIVUIT CUTITICITIIU Llll J’

Ly is the mean path length for the flame volume, equal to 1,8 L, where L is the depth of fire at the
measuring point (m).

Thermal imagers view through narrow angles equivalent to a straight line path. The signal the element
gets is due to radiation along this path line. Emission and absorption along a straight-line path is given

by Formula (D.7).
1—¢ " *Liine (D.7)

€fire-line =

where Ljjne is the path length, equal to the depth of fire at the measuring point (m).
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D.3.5 Flame temperature

For the purpose of this analysis the flame temperature shall be assumed to be 1 100 °C.

NOTE

the degree of error can be considered acceptable in the interest of standardising the calculation.

D.3.6 Surface emissivity (&g)

It is recognised that there is an inherent error caused by assuming the flame temperature, however

The DFT and water-cooled calorimeter shall be subjected to fire prior to calibration test or actual test
to allow soot deposits and increase the emissivity. A surface emissivity of 0,85 * 0,05 shall be used in

the calculatje

an
TT

D.3.7 Calorimeter temperature (7¢,)

Shall be taK

en as the average water temperature at the point of termination of the calibration

calculated in accordance with Formula (1).

D.3.8 DF1
Shall be the

NOTE Fd
Heat losses a

D.3.9 Am
Shall be the

D.3.10Ind

Shall be the
averaged oy
are no large

D.3.111Ind

[ temperature (Tprr)
average of all valid DFT average temperature values, calculated-in accordance with 7.4

r the purposes of the calculation the DFT receiving surface shallkbe'assumed to behave adiabat
e not considered in the calculation.

bient temperature (Tamp)

average ambient temperature recorded during the period of the calibration test.

cated calorimeter temperature (Tca-indic)

average temperature recorded by the thermal imager at the calorimeter measurement
er a representative period of stable-flame. Periods shall be considered stable when f{
decreases caused by obvious wind effects.

cated DFT temperature,(TpFr-indic)

test,

cally.

spot
here

Shall be th¢ average temperature -recorded by the thermal imager at the DFT measurement|spot
averaged ovier a representativé-period of stable flame. Periods shall be considered stable when there
are no large|decreases causéd by obvious wind effects.
D.3.12 Energy balanee equations
The energy palanceequation for the indicated calorimeter temperature is given by Formula (D.8).
T4 =¢e,(1-¢ )oTe +(1-€4)(1-¢ )e0T
Ol cal-indic €5 fire-line cal s fire-line /€ f%* cal D 8)
4 4 '
+8fire-lineo-Tf + (1 —&g )(1 ~ Efire-line )(1 —&f )GTamb
where
& is the surface emissivity;
Tamb is the average ambient temperature during the calibration test period (°C);
Tcal-indic  is the indicated calorimeter tank temperature (°C);
Teal is the calorimeter temperature (°C);
Tt is the assumed flame temperature (°C).
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energy balance equation for the indicated DFT temperature is given by Formula (D.9).

GTISLFT-indic =& (1 ~Efire-line )O-TSFT + (1 —& )(1 ~Efire-line )ngTSFT

""c"ﬁr‘e—lineo-Tf4 + (1 —& )(1 ~Efire-line )(1 —&¢ )GTa%nb

where

The
The

D.3.

Fornm

TDFT-indic is the indicated DFT tank temperature (°C);

TprT is the average DFT temperature (°C).

(D.9)

¢nergy balance equation for the calorimeter is given by Formula (D.2).

eénergy balance equation for the DFT is given by Formula (D.10).

4 4 4
net =0s&¢T¢ +0eg (1—€¢ ) Tomp +h(Te = Tppr ) —0€sTppr

| 3 Calculation methodology
ulae (D.2) and (D.6) to (D.10) shall be solved simultaneouslyyor iteratively) using

softy
calcy

Whe

1.

4,

Whe

to ¢

[Forinula (D.10)]usihg the results from steps 1 to 3. If the result is relatively small (less th3
caloj

vare to give the fire emissivity and the convection coefficiefit. The radiation fraction §
lated using Formulae (D.3) to (D.5).

h solved iteratively, the following steps shall be undextaken:

I
q

‘or a range of flame temperatures iteratively determine the flame emissivity value th
orrect indicated DFT temperature [Formula (D.9)];

For the combinations of flame temperature\and flame emissivity calculated in step 1, ¢
indicated calorimeter temperature [Fefmula (D.8)]. The flame temperature and co
¢missivity combination that givesithe correct indicated calorimeter temperatu
¢onsidered the 'correct' result;

Using the 'correct’ values of flame temperature and emissivity iteratively determine th
heat transfer coefficient that'gives the measured heat flux to the calorimeter [Formula

[alculate the radiative{raction using Formula (D.3) to (D.5).

h calculated iteratively, the calculated heat flux to the DFT does not equal 0. This i
bnduction losses-from the DFT receiving surfaces. The net heat flux should bg

imeter measured heat flux) then the result is considered acceptable.

(D.10)

appropriate
hall then be

at gives the

alculate the
rresponding
re shall be

b convective

(D.2)];

s attributed
calculated
n 5 % of the
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