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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International Standards
adopfed by the technical committees are circulated to the member bodies for voting. Publigation as an
Intermational Standard requires approval by at least 75 % of the member bodies casting a'vote.

Attention is drawn to the possibility that some of the elements of this document may be the sublect of patent
rightg. ISO shall not be held responsible for identifying any or all such patent rights:

ISO 15779 was prepared by Technical Committee ISO/TC 21, Equipment fof.fire protection and fire fighting,
Subcommittee SC 8, Gaseous media and firefighting systems using gas.

© 1SO 2011 — All rights reserved \%
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Introduction

Firefighting systems covered in this International Standard are designed to provide a supply of condensed
aerosol extinguishing medium for the extinction of fire.

Several different methods of supplying condensed aerosol extinguishant to, and applying it at, the required
point of discharge for fire extinction have been developed in recent years, and there is a need for dissemination
of information on established systems and methods. This International Standard has been prepared to meet
this need.

The requirements of this International Standard are made in the light of the best technical data known to the
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that firefighting equipment,be carefully maintained to ensure instant readiness when requir

tenance is liable to be overlooked or given insufficient attention by the owner of the system
lected at peril totheTives of occupants of the premises and at the risk of crippling financial
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and they are designed in such a way to allow individual installers to use his or her system and carry out all of
the extinguishing tests. The tests presented in Annex D have been established to evaluate application densities
suitable for the protection of Class A fires with wood crib fire tests and plastic fuel hazards such as may be
encountered in information technology, telecommunications and process control facilities, as well as Class B
fires with heptane pan and heptane can test fires in an enclosure of 100 m3.
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Condensed aerosol fire extinguishing systems — Requirements
and test methods for components and system design,
installation and maintenance — General requirements

1 Scope

This [nternational Standard specifies requirements and test methods forcomponents and gives recoqnmendations
for the design, installation, testing, maintenance and safety of condensed aerosol firefighting systems in
buildings, plants or other structures, and the characteristics of the extinguishants and types of fire for which
they pre a suitable extinguishing medium. It covers total flooding systems primarily related to byildings, plant
and g¢ther specific applications, utilizing electrically non-conducting condensed aerosol fire extinguishants for
which there are sufficient data currently available to enable validation of performance charactgristics by an
appropriate independent authority.

Loca| applications of condensed aerosol extinguishing systems are not covered by this Internatiopal Standard.
Any Ipcal applications require a pre-engineered and pre-designed systemrwhich has been tested and approved
for a specific application by a relevant authority.

2 ormative references

The following referenced documents are indispensable~for the application of this document. For dated
refergnces, only the edition cited applies. For undated references, the latest edition of the referenced document
(including any amendments) applies.

ISO 3941, Classification of fires
EN 6P068-2-6, Environmental testing — Rart 2-6: Tests — Test Fc: Vibration (sinusoidal)

EN 6D068-2-30, Environmental testing.— Part 2-30: Tests — Test Db and guidance: Damp heat,|cyclic (12h +
12h gycle)

3 Terms and definitions
For the purposes of this.-document, the following terms and definitions apply.

31
aerosol extinguishing agent
condensed aerosol
extinguishing medium consisting of finely divided solid particles, generally in the order of magnituge of microns
in digméter suspended in gas generated and distributed by a combustion process of a solid ae]josol-forming
compound

3.2
aerosol generator
non-pressurized container which, when activated, generates a condensed aerosol extinguishing agent

NOTE The pressurized container system includes the mounting bracket(s).

3.3
aggressive environment
environment including the following or as defined by the appropriate authority:

a) exterior situations exposed to the sun, ultraviolet radiation, wind, rain, or salt spray;

b) corrosive atmospheres;

© 1SO 2011 — Al rights reserved 1
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c)
d)
e)

3.4
approved

2011(E)

abnormally dusty or moisture-laden atmospheres;
extreme temperatures;

vibrations and shocks

acceptable to a relevant authority

NOTE

acceptance on compliance with the appropriate standards.

3.5
authority
organization

3.6
automatic

performing 4

3.7

In determining the acceptability of installations or procedures, equipment or materials, the authority may base

office, or individual responsible for approving equipment, installations or procedures

function without the necessity of intentional human intervention

automatic/manual switch

means of co

3.8
electrical cl

unobstructed
electrical cor

3.9

verting the system from automatic to manual actuation

parance
air distance between the aerosol generator compgnents and unenclosed or uninsulate
nponents not at ground potential

thermal clearance

air distance
temperature

3.10

between a condensed aerosol generator and any structure or components sensitive t
developed by the generator

competent person

designated p

instructions,

3.1
coolant
heat-absorbi

312
design appl

extinguishing

NOTE 1
NOTE 2

313

Th

erson, suitably trained, qualified by knowledge and practical experience and with the nece
to enable the required tests and examinations to be carried out

g medium or’precess

jcation‘density
application density of extinguishant, including a safety factor, required for system design purg

1 live

b the

Esary

oses

€ design application density may also be referred 10 as the design 1actor.

Measured in g/m3.

discharge time
time from the generator activation until the end of its discharge/extinguishing application density

NOTE

314
extinguisha

Measured in g/m3.

nt

condensed aerosol extinguishing agent

© 1SO 2011 — All rights reserved
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extinguishing application density
effective minimum mass of discharged extinguishant per unit of enclosure volume required to extinguish fire
involving a specific fuel under defined experimental conditions, using a specific aerosol generator type and

size,

excluding any safety factor

NOTE Measured in g/m3.

3.16

family of condensed aerosol generators
range of generators designed with the same solid compound, the same kind of cooling device, discharge

outlet,

317

effed
mas¢g
volun

318

hold
perio
dens

tive mass
of discharged extinguishant required to achieve the design application density\within t
ne within the specified discharge time

time
d of time during which an extinguishant is required to maintain at least the extinguishin
ty to maintain even distribution throughout protected volume

hot work

ng, welding, thermal or oxygen cutting or heating and<other related heat-producing or spg

operations

3.20
ignit
devig

3.21

and
preve

3.22

on device
e which is able to ignite the solid aerosol-forming compound

inspection
visu{ examination to give reasonable assurance that the extinguishing system is fully charged

as not been activated or tampered with, and that there is no obvious physical damage o
nt operation

localion drawing

layoy
main

3.23
lockA
lockd

t diagram of proteeted volume clearly indicating the as-installed location of all aerosol generat
enance isolate switch (lock-off devices), and associated components of the systems

off device
ble4nanual shut-off device that prevents the electrical actuation of aerosol generators

ianition device lavout and internal/external architecture (varvina of mass of solid compoun
~J 7 J \ J ~J T

d)

he protected

j application

rk-producing

hnd operable

condition to

ors, controls,

NOTI‘ 4 Tlhal 1 ££ 1 H PR | P § £ } Lokl 4 H lot Hal
=T TS TULRTUTIT UTVILT 1Ty DT T UTC TUTTIT UT d TULRAUIT Sy StTTIT ToUIAlT SWILLIT.

NOTE 2  The actuation of this device provides an indication of system isolation.

NOTE 3

3.24

lowest observed adverse effect level
LOAEL
lowest agent factor at which an adverse toxicological or physiological effect has been observed

3.25

listed

syste

©1SO

ms or components that are included in a list published by a listing authority organization
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3.26
listing organization
internationally recognized fire protection system or components test and certification organization

NOTE Examples of these organizations are: Factory Mutual (FM); Underwriters Laboratories (UL/ULC); Loss
Prevention Certification Board (LPCB); VdS Schadenverhutung; All-Russia Scientific Research Institute for Fire Protection
(VNIIPO).

3.27
maintenance
thorough check to give maximum assurance that the extinguishing system will operate as intended

NOTE Maintenance includes a thorough examination and any necessary repair or replacement of system components.

3.28
manual
requiring intgntional intervention to accomplish a function

3.29
manufacturer
entity that is [responsible for the design, manufacturing, packaging and quality assurance of a device before it
is placed on the market

3.30
mass medign aerodynamic diameter
MMAD
particle size gnd distribution of any aerosol statistically, based on the weight and size of the particle, along with
the geometrit standard deviation

NOTE Fifty percent of the particles by weight will be smallersithan the median diameter and fifty percent pf the
particles will be larger (US EPA Health Effects Test Guidelines QRPTS 870.1300 Acute Inhalation Toxicity, August 1998).

3.31

monitoring
supervision ¢f the operating integrity of an electrical, mechanical, pneumatic or hydraulic control featurg of a
system

3.32
no observed adverse effect level
NOAEL
highest agent factor at which no adverse toxicological or physiological effect has been observed

3.33
normally occupied area
area that is dccupiedby/persons, under normal circumstances

3.34
particulate ¢oncentration
concentration of the solid fraction of the aerosol in the protected space after system discharge at the design
application density

NOTE 1  Measured in g/m3.

NOTE 2  This information is necessary to assess the potential health effects of accidental exposure to the agent in
occupied spaces, and the potential degree of visibility obscuration.

3.35
release
physical discharge or emission of aerosol as a consequence of the aerosol generator’s actuation

3.36
safety factor
multiplier of the extinguishing application density to determine the aerosol design application density

4 © 1SO 2011 — All rights reserved
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3.37

solid aerosol-forming compound

mixture of oxidant, combustible component and technical admixtures producing fire extinguishing aerosol upon
ignition

3.38

supplier
entity that is responsible for the product and is able to ensure that its quality is ensured

3.39

system isolate switch
man Q"\Jl npnrnfnd switch located at each entrance to the prnfnr\fnd area, nlnr\frir\nlly cupnrvicnr‘l and secured
from junauthorized use which prevents the automatic or manual electrical activation of the condehsed aerosol
genefators by electrically opening the released circuit

3.40
total|flooding system
firefighting system arranged to discharge extinguishant into an enclosed space to achieve the appropriate
design application density factor

3.4
unodcupiable area
area which cannot be occupied due to dimensional or other physical eotstraint requiring intentiong| intervention
to acgomplish a function

NOTH Examples of unoccupiable areas are shallow voids or cabinets.

3.42
user
entity whom the system is designed for, and who is.fésponsible for operation and to ensure the cpnsistency of
perfarmance as described by the supplier and tg follow the legal regulations

4 Use and limitations

4.1 [ General

This [International Standard.sets out requirements for the design, installation, service and mdintenance of
aerogol systems used as-fire’ extinguishing media for total flooding applications. This Internatiohal Standard
also povers performanee.requirements and methods of testing for aerosol generators or storage containers
and associated companents. The design, installation, service and maintenance of aerosol fire-gxtinguishing
systems shall be performed by those competent in fire extinguishing system technology.

4.2 | Aerosol agent description

4.2.1| Condensed aerosol

Condensed aerosol consists of finely divided solid particles typically based on alkali metal salts and gases
typically comprised of nitrogen, carbon dioxide and water vapour.

Condensed aerosol is not stored in a container. It is self-generated by a combustion process of a solid aerosol-
forming compound contained in a non-pressurized canister, an aerosol generator. Aerosol generators also
contain an actuation device(s) designed to ignite the aerosol-forming compound and may have various cooling
arrangements to cool the aerosol prior to its release into a protected area.

The aerosol generating combustion process provides sufficient energy for a rapid discharge and efficient
distribution of the aerosol. No propelling gas is required for the aerosol delivery. An aerosol generator has one
or more discharge outlets and is normally placed inside the protected risk area. No piping is required.

© 1SO 2011 — Al rights reserved 5
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4.2.2 Physical characteristics
Aerosols are electrically non-conductive gas-like media, which are suspended in the air in the protected volume.

Being a suspension of fine solid particles in a gaseous medium, the aerosol is not a clean agent. Following
actuation of an aerosol generator there is a period of time during which the aerosol remains suspended within
the enclosure; if the enclosure is not ventilated, the aerosol suspension will eventually settle down, forming a
dust-like residue, normally in a very small quantity.

4.2.3 Extinguishing mechanism

pch fiea

BoHG oy
TYOTSTT T TS

_y:

X
L4

Aerosols ext

a) chemicdl interference by removing the reactive free radicals;

b) physically cooling the seat of the fire; or

c) reducing the concentration of oxygen by introducing inert gas.

Generally, an aerosol generator will primarily use two of the three mechanisms.

For aerosol generators that produce particulates, the chemical and cooling mechanisms take place mainly

on the surfa
extinguishing

For aerosol

ce of the solid aerosol particles, and therefore, the finer the particles, the more effectiv
mechanism.

enerators that produce inert gas and water vapour, theselinert gases displace air, reducin

amount of oi;ygen available for combustion. The combustion is then*cooled to the point of extinguishme

heat is trans

4.3 Applig
Aerosol extin

The hazards
in the systen

Total flooding
or equipmen
such hazard

erred to the water.

cation
guishants are recognized as suitable for'suppression of Class A and Class B fires.

against which these systems offer.protection, and any limitations on their use, shall be cont
supplier’s design manual.

fire-extinguishing systems are used primarily for protection against hazards that are in enclo
that, in itself, includes an erniclosure to contain the extinguishant. The following are examp
5, but the list is not exhaustive:

a) electricdl and electronic hazards;
b) telecommunications fagilities;
c) flammahle and combustible liquids and gases.

Where aeros

ol generators are used in a potentially explosive application, the suitability of the generator {

atmosphere

e the

g the
nt as

hined

sures
es of

o the

orthe determined life shall be assessed. Thus, aerosol generators shall be constructed suc

h that

they do not cause fire or explosion when actuated. Aerosol generators may be used in hazardous areas subject
to the manufacturer obtaining the specific listings and approvals for such areas from the appropriate authorities
having jurisdiction.

CAUTION — Aerosol extinguishing systems are intended for the types of fire for which they are a
suitable extinguishing medium. The end user should consider the potential adverse effects of aerosol
extinguishing agent discharge residue on sensitive equipment and other objects.

4.4 Limitation of use

The extinguishants referred to in this International Standard shall not be used on fires involving the following
fuels unless relevant testing has been carried out to the satisfaction of the authority:

a) chemicals containing their own supply of oxygen, such as cellulose nitrate;

6 © 1SO 2011 — Al rights reserved
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b) mixtures containing oxidizing materials, such as sodium chlorate or sodium nitrate;

c) chemicals capable of undergoing autothermal decomposition, such as some organic peroxides;

d) reactive metals (such as sodium, potassium, magnesium, titanium and zirconium), reactive hydrides, or
metal amides, some of which may react violently with some aerosol extinguishants;

e) oxidizing agents such as nitric oxides and fluorine;

f)  pyrophoric materials such as white phosphorous or metallo-organic compounds.

The above list may not be exhaustive.

4.5 | Electrostatic discharge

Care| shall be taken when discharging extinguishant into potentially explosive atmaspheres. |Electrostatic

charging of aerosol generators or other conductors not bonded to earth may occur during the |discharge of

extinguishant. These conductors may discharge to other objects with sufficient enérgy to initiate ain explosion.

Whete the system is used for inerting, generators shall be adequately bonded.and earthed.

4.6 |Potentially explosive atmosphere

Undgr certain conditions, the potential for explosive atmospheressmay exist. Areas where syuch potential

may gxist are classified as hazardous. Condensed aerosols may b€ used in hazardous areas qubject to the

manufacturer obtaining the specific listings and approvals for such areas from the appropriate authorities.

4.7 | Temperature limitations

All dgvices shall be designed for the service they will;encounter and shall not readily be renderefd inoperative

or supceptible to accidental operation.

Deviges shall normally be designed to function.properly from —20 °C to +75 °C, or marked to indicatg temperature

limitations, or in accordance with manufagcturers’ specifications which shall be marked on the name-plate, or

(whefe there is no name-plate) in the manufacturer’s instruction manual.

For cpbndensed aerosols, special.care shall be taken to determine the maximum ambient tempergture at which

the aprosol generator can be installed, without risk of actuation by temperature itself.

Condensed aerosol generators shall not be employed at less than the minimum thermal clearance distances

specified in the manufacturer’s instruction manual.

4.8 | Compatibility with other extinguishants

Mixirlg of extinguishants in the same container shall be permitted only if the system is approved for use with

suchfa mixtare. Systems employing the simultaneous discharge of aerosols and other extinguishants to protect

the shme enclosed space shall not be permitted.

4.9

Environmental

When selecting an extinguishing system or agent to protect a hazard area, the effects of the agent on the
environment shall be considered.

5 Safety

5.1

General

Any hazard to personnel created by the actuation and discharge of the condensed aerosol extinguishing system
shall be considered in the design of the system with reference to the hazards associated with particular aerosol

© 1SO 2011 — All rights reserved
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extinguishants. When selecting an aerosol extinguishant, careful consideration should be given to independent
occupational health and safety data.

Potential hazards of aerosol extinguishing systems include noise, reduced visibility, high or low temperature,
turbulence, potential toxicity, and skin or eye irritation to persons in the protected space and other areas where
the aerosol may migrate. For additional information see Annex B.

Determination for use of an agent in spaces that are normally occupied, normally unoccupied, or unoccupiable
shall be based on an evaluation of the adverse effects(s) caused due to accidental exposure to the agent.
Potential adverse health effects shall be assessed for the particulate concentration, the size of the particulates
(i.e. the mass median aerodynamic diameter), and the concentration of gases expected after actuation of the
aerosol exti

uishina svstem at the concentration desian density
~ ~J J ~J J

In any propog
enclosure or
pre-discharg
readily availg

Unnecessary

Following thé use of a condensed aerosol, personnel should not enter the protected area until it has

thoroughly v
prevent the i
reaction. In

monoxide an

Following a
manufacture
or mask mayj

Adherence tq
appropriate 4

In order to ag
This requires

sed use of condensed aerosol where there is a possibility that people may enter the.prot
be close to the protected risk, suitable safeguards such as personnel training, waining §
e alarms and system isolate switches shall be provided. Means of ventilation afterfire shod
ble.

exposure to a condensed aerosol shall be avoided.

bntilated. Venting of the post-fire atmosphere should be to an openyair area, where possil
hadvertent exposure of personnel to any combustion products_of‘the fire and aerosol-gene

bcted
igns,
Id be

been
le, to
ating

case of fire involving unknown products it is imperative to~check the concentration of carbon

d other potentially toxic gases before entering the premises.

system discharge, the aerosol that has settled shpuld be removed in accordance wit
’'s recommendations. Protective clothing including gléves and goggles should be worn. Aresp
be required.

this International Standard does not remove-the user’s statutory responsibility to comply wi
afety regulations.

direct toxicity assessment on the\aerosol after discharge of the system at the maximum d

sess the potential human health effects manufacturers should conduct the toxicity testing fof

h the
irator

h the

use.
Bsign

factor.

5.2 Toxicity

5.21 Gen

Tal
No fire suppilession extinguishant shall be used which is carcinogenic, mutagenic or teratogenic at the d
concentrationh density expected during use.

sign

5.2.2 Condensed aerosols

Condensed eaerosot cAtillguiahillg systems for ||un||a”y uubupicd areas—are pcllllittcd where—the—aerosol
particulate concentration does not exceed the adverse effect level as determined by a scientifically accepted
technique (see Annex B). Any gases produced as a result of the aerosol-forming reaction shall not exceed the
appropriate excursion limit for the critical toxic effect.

When activated, condensed aerosol generators may produce toxic levels of gases such as carbon monoxide,
nitrogen oxides and ammonia, which are typical by-products of the aerosol generating reaction. Actual
concentrations of these by-products depend on the chemical compositions of the solid aerosol-forming
compound and coolant, engineering design of the aerosol generators and conditions of the enclosure under
protection. Maximum allowable exposure to a design factor of the aerosol under conditions of a sealed enclosure
shall be provided for each agent by its manufacturer. Any possible adverse effects on humans that may be
experienced at the indicated allowable exposures should be described. The information shall be supported by
the appropriate test results on chemical composition of the aerosol and its short-term “acute” adverse effects.
The results shall be endorsed by an independent testing laboratory having an appropriate authority.
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5.3 Reduced visibility

5.3.1 General

All aerosol extinguishing agents reduce visibility, some more than others. Annex B contains guidance in
assessing visibility levels for aerosol extinguishing agents.

5.3.2 Safety precautions

Safety precautions such as personnel training, goggles, audio devices, floor mounted directional lighting,
evacuation plans and exit drills shall be included in the operational plan for the occupancy.

5.4 |Turbulence

Turbylence caused by high-velocity discharge from the condensed aerosol generater ‘may be enough to
dislofige substantial objects directly in its path, such as ceiling tiles and light fittings.\Therefore, files and light
fittings should be properly secured. Aerosol discharge may also cause enoughrgeneral turbulgnce to move
unsegured paper and light objects.

5.5 | Thermal hazards

5.5.1] Minimum thermal clearance

Condensed aerosol generators shall not be employed at less¢than the minimum thermal clearanceg as specified
in the listing of the product.

For locations where personnel may be situated, the minimum thermal clearance shall refer to thel temperature
not ekceeding 75 °C.

For lacations where combustible materials or equipment may be situated, the minimum thermal cl¢arance shall
refer [to the temperature not exceeding 200,°C:

For lgcations where non-combustible materials or equipment may be situated, the minimum thernpal clearance
shallrefer to the temperature not eXeeeding 400 °C.

5.5.2] Removal of discharged’/generators

Protgctive gloves shall beZworn when removing discharged condensed aerosol generators immgdiately after
discharge.

5.5.3| Hot work

As open flame or prolonged exposure to temperatures exceeding 400°C may cause activation of the condensed
aerogol-generators, they shall be removed from a protected area prior to any hot work being carrjed out within
their vicinity

5.5.4 Casing temperatures for condensed aerosol generators

The manufacturer shall indicate the maximum temperature of the condensed aerosol generator casing during
system discharge.

5.6 Safety precautions

5.6.1 General
In any proposed use of aerosol where people may enter the protected enclosure or be close to the protected

risk, suitable safeguards such as personnel training, warning signs, pre-discharge alarms and system isolate
switches shall be provided. Means of ventilation after fire should be readily available.
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5.6.2 Specific requirements

The following general safety aspects shall apply for areas protected by the aerosol systems and which are
capable of being occupied:

a) Time delay devices:

1) a pre-discharge alarm shall be incorporated with a time delay sufficient to allow evacuation of
personnel prior to discharge;

2) time delay devices shall be used only for evacuation of personnel or to prepare the hazard area for

limit
. The

ns to

m the

discharge;

3) in the event of failure of the pre-discharge alarm and time delay, means should be provided tq
exppsure to agents approved for use in normally occupied areas to no longer than five minutes
effelct of reduced visibility on egress time shall be considered.

b) Exit routes, which shall be kept clear at all times, and emergency lighting and adequate 'direction sig
minimizg travel distances for areas which may be occupied.

c) Outward-swinging self-closing doors which can be opened from the inside, including when locked fro
outside.

d) Continugus visual and audible alarms at entrances and designated exits inside the protected area and

continud
safe.

e) Appropr

f)  Where 1
that will

g) Means f
Care sh
location

h) Instructi
or const|
system
So.

In addition to|
and personn

5.7 Electrn

Where expos

us visual alarm outside the protected area which operate until the protected area has been

ate warning and instruction signs.

pquired, pre-discharge alarms within such areas:that are distinctive from all other alarm si
pperate immediately upon detection of the fire.

pr prompt natural or forced-draft ventilation of such areas after any discharge of extinguis
buld be taken to completely dissipate-hazardous atmospheres and not just move them to

.

pns and drills for all personnel'within or in the vicinity of protected areas, including mainter
fuction personnel who may/be*brought into the area, to ensure they take proper action whe
bperates. Personnel shallnot re-enter the enclosure until it has been verified as being safe

the above requiréments, is it recommended that a self-contained breathing apparatus be sup
bl trained in its,use.

ical hazards

ed’electrical conductors are present, electrical clearances no smaller than those given in Tg

made

gnals

hant.
other

ance
n the
to do

plied

ble 1

shall be proy

ided, where practicable, between the electrical conductors and all parts of the system tha

may

be approached during maintenance. Where these clearances cannot be achieved, warning notices shall be
provided and a safe system of maintenance work shall be adopted.

The system should be so arranged that all normal operations can be carried out safely by the operator.

10
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Table 1 — Required electrical clearances to enable operation, inspection, cleaning, repairs, painting

and normal maintenance work to be carried out

Minimum clearance from any point on or around the permanent

equipment where a person may be required to stand @
Maximum rated voltage (m)
(KV) To the nearest unscreened To the nearest part not at earth
live conductor in air potential of an insulator P
(section clearance) supporting a live conductor
(ground clearance)
15 2,6 2,5
33 2,75 2,5
44 2,90 2,5
66 3,10 2,5
88 3,20 2,5
110 3,35 25
132 3,50 2,5
165 3,80 2,5
220 4,30 2,5
275 4,60 2,5

a

b
seali

Measured from position of the feet.

he term “insulator” includes all forms of insulating supports, such\as pedestal and suspension insulators, b
g ends and the insulating supports of certain types of circuit breaker.

bshings, cable

5.8

Syste
meta

5.9

The 9

6 B

6.1

This

Electrical earthing

ms within electrical substations or switch rooms shall be efficiently bonded and earthed t
work from becoming electrically charged.

Electrostatic discharge

ystem shall be adequatelybonded and earthed to minimize the risk of electrostatic discharg

extinguishant

General

Clause sets out the requirements for the extinguishant concentrations. In the future, additiong

b prevent the

je.

| parts of this

Interpational Standard may be developed covering different types of extinguishing systems.
f|' y g y g g sy

6.2

6.2.1

For fi

6.2.2

Design application density requirements

Fire classification

re classifications, see ISO 3941.

Class B fire

The minimum Class B design application density for each extinguishant shall be a demonstrated minimum
extinguishing application density for each Class B fuel multiplied by a safety factor of 1,3. The minimum
extinguishing application density used shall be that demonstrated by the minimum extinguishing application
density fire test (D.6.2 pan fire test).
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Procedures using heptane in the fire extinguishment/area coverage fire test procedure are detailed in D.6.1
and D.6.2. For hazards involving multiple fuels, the value for the fuel requiring the greatest design application
density shall be used.

6.2.2.1 Minimum Class B design application density

The minimum design application density for Class B fires shall be the highest (extinguishing) application
density derived from n-heptane pan test (D.6.2) and generator distribution tests (D.5.1 and D.5.2) multiplied by

a 1,3 safety factor (see 7.3.1).

6.2.3 Class A solid burning surface fire

The minimur
the fire test

crib test). Th
concentratio

6.2.3.1

The minimun
be the highe

(D.6.3) and the Class A compatible wood crib test (D.6.4). This application would be adjusted to account f

generator dig
application d

6.2.4 EDP

It is recogni
extinguishing
electronic ty

floor voids, t¢lecommunication facilities, etc.). An extinguishing concentration not less than that determin

accordance
is the greate

a) cable by

b) cable tra

c) horizont

d) equipmd

5 kW.

NOTE W,
protection sys

Minimum Class A solid surface burning design application density

h extinguishing application density for Class A surface fires shall be determined by_test
brocedure described in D.6.3 (Polymeric sheet fire tests) and D.6.4 (Class A compatible
e minimum design application density for Class A surface fires shall be the highestextingui
n density determined from the results of four test scenarios times a safety factof of 1,3.

N design application density for Class A fires solid surface burning design application densityj
5t (extinguishing) application density derived from the wood crib test(D.6.1), polymeric sheet

tribution by multiplying by the ratio of the n-heptane pan application density to the distributio
ensity. A safety factor of 1,3 would also be applied (see 7.311).

electronic data processing) rooms, telecommunication and electronic risks

ved that the wood crib and polymeric sheetcClass A fire tests may not adequately ing
concentrations suitable for the protection-of certain plastic fuel hazards (e.g. electrica
be hazards involving grouped power or data cables such as computer and control room u

vith 6.2.3, or not less than that determiined from the heptane fire test described in D.6.2, whic
, should be used under certain conditions. These conditions may include:

ndles greater than 100 mmyin‘diameter;

ys with a fill density greater than 20 % of the tray cross-section;
bl or vertical stacks of’cable trays (closer than 250 mm);

nt energized«uring the extinguishment period where the collective power consumption exg

here electrical equipment shut down is delayed, higher concentrations, longer hold times, or oth
ems,can be considered.

using
wood
shing

shall
tests
br the
n test

icate

and
nder-
edin
hever

eeds

br fire

6.2.4.1

Minimum EDP rooms telecommunication and electronic risks application density

The minimum design application density for EDP rooms telecommunication and electronic risks design
application density shall be the highest (extinguishing) application density derived from polymeric sheet test
(D.6.3) and the Class A compatible wood crib test (D.6.4). This application would be adjusted to account for the
generator distribution by multiplying by the ratio of the n-heptane pan application density to the distribution test
application density. A safety factor of 1,3 would also be applied.

6.3 Aerosol generator performance requirements

6.3.1 General

This clause sets out requirements for the aerosol generator container’s performance.
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Distribution coverage

1 Condensed aerosol generators

The maximum area coverage and the maximum and minimum protected area height limitations for each
condensed aerosol generator unit size shall be determined by the fire extinguishment/area coverage fire test
procedure as described in D.5.1 and D.5.2.

6.3.3

Effective discharge

Discharge time shall be specified by the manufacturer and shall not exceed 90 s.

Aero
minin
400

Para

6.3.4

5ol containers and released aerosols shall not cause fire or explosion during actuation and di
num thermal clearances from the condensed aerosol generator’s discharge outlet(s) for?5 °Q
C shall be specified in the product listing. Refer to 7.5.2 for requirements on minimumn) therma

meters of the aerosol discharge shall be verified by the test procedure as des¢ribed in Annej

Ambient temperature and humidity operation range

Aero
spec

The
Anng
as ds

6.3.5

The 3

be designed for the service they will encountér-and shall not readily be rendered inoperative o

to ac
many

The 9

6.3.6

The
desc

6.3.7

The gerosafeontainer and its mounting bracket shall withstand the corrosion test as described in

5ol containers shall be operable for the total service live period wijthin temperature and hy
fied by the manufacturer and listed by approval agencies.

emperature operation range shall be verified by the accelefated aging test procedure as
x C. The humidity operation range shall be verified by the temperature and humidity operatio|
scribed in Annex C.

Service life

ervice life period includes the storage and.installation life period for the product. Aerosol co

cidental operation. The service life of aerosol containers for typical applications shall be sp4
facturer and listed by approval agehcies.

pecified service life shall be xerified by the accelerated aging test procedure as described i

Vibration and shock resistance

berosol container.and’its mounting bracket shall withstand the vibration and shock resistg
ibed in Annex €:

Corrosion

scharge. The
,200 °C and
| clearances.

x C.

midity range

described in
h range tests

htainers shall
I susceptible
ecified by the

n Annex C.

nce tests as

Annex C.

6.3.8

—tmpact

The packaged condensed aerosol generator shall not be a disposal hazard after the impact (drop test) as
described in Annex C.

6.3.9

Actuation element

The technical characteristics and actuation processes shall be specified by the manufacturer for all types of
actuation devices incorporated in the aerosol container.

©1SO
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6.3.10 Expo

2011(E)

sure to fire

Aerosol containers intended for installation inside the protected enclosure shall be tested for reliability of
operation and effectiveness of the discharge under the heat exposure conditions by the test procedure as

described in

6.4 Markin

Annex C.

9

Manufacturers shall put a permanent name-plate or other permanent marking specifying the following on each
aerosol container:

a) extingui shant-trademame;

b) manufagturer;

c) date of manufacture;

d) serial nymber;

e) mass offaerosol forming compound.

For condens
installation d

aerosol gend
conditions off

bd aerosols, installers shall attach a durable metallic tag to each aerosol generator indicatin
ate, and the expiration date. Installation life (from installation tg,expiration date) for condg
rators depends on the specific application and the installatioh énvironment (based on exp
operation, e.g. temperature and humidity).

7 Specifications, plans and approvals

7.1 Speci

Specification

a person full

advice of thd
of the systerf

authority, de

performed alf
A.2. The sps

Layout and 4

modification
7.2 Enclo

7.21 Venti

The protecte

fications

s for condensed aerosol fire extinguishing’systems shall be prepared under the supervisi

authority. The specifications shall jnclude all pertinent items necessary for the proper d
n such as the designation of the authority, variances from the standard to be permitted b
5ign criteria, system sequence-of operations, the type and extent of the acceptance testing
ter installation of the system, owner training requirements and working documents as defir]
cification shall also include’mounting parts for the generator.

ystem proposal doetuments shall be submitted for approval to the authority before installati
begins. The type.6f’documentation required is specified in Annex A.

sure

hg-and structural strength

g the
nsed
bcted

on of

y experienced in the design of aerasol éxtinguishing systems and, where appropriate, with the

Bsign
y the
to be
ed in

on or

d enclosure shall have surtticlent structural strength and Integrity 10 contain the extingul

discharge. Venting shall be provided to prevent excessive over- or under-pressurization of the enclosure.

shant

A calculation method or formula to estimate a minimum vent area shall be provided by a systems manufacturer.
Type and location of pressure relief vents shall ensure maximum possible containment of the agent during and
after its discharge.

7.2.2 Loss

of extinguishant to adjacent hazards

To prevent loss of extinguishant through openings to adjacent hazards or work areas, openings shall be
permanently sealed or equipped with automatic closures. Where reasonable confinement of extinguishants is
not practicable, protection shall be extended to include the adjacent connected hazards or work areas.

14
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7.2.3 Forced-air ventilating systems

Forced-air ventilating systems shall be shut down or closed automatically where their continued operation would
adversely affect the performance of the fire-extinguishing system or result in propagation of the fire. Ventilation
systems necessary to ensure safety are not required to be shut down upon system activation. An extended
extinguishant discharge shall be provided to maintain the design concentration for the required duration of
protection. The volumes of both ventilated air and the ventilation system ductwork shall be considered as part of
the total hazard volume when determining extinguishant quantities. All services within the protected enclosure
(e.g. fuel and power supplies, heating appliances, paint spraying) that are likely to impair the performance of
the extinguishing system shall be shut down prior to, or simultaneously with, the discharge of the extinguishant.

7.2.4] Venting requirements

When an aerosol is discharged into a closed volume, a significant overpressure may be developed due to the
amoynt of gases generated and the effects of increased temperature on the atmosphere;

Later} the combined volume of aerosol and air will become greater than the initial reom volume. The final result
will increase the pressure or will exhaust the excess volume through vent openings. The air tdmperature is
increpsed during the discharge but will return to normal levels as heat is adsorbed from solid syrfaces in the
room|.

The designer/installer shall provide reliable calculations for venting requirements for each systeml|if applicable.
7.3 |Total flooding quantity

7.3.1] General

The ¢ffective mass of aerosol in the system shall be atleast sufficient for the largest single hazand or group of
hazafds that are to be protected against simultaneously.

The mass of extinguishant required to achieve the design application density shall be caltulated from
Equation (1):

m=pxV 1)

wher:

11

~

;. is the total flooding-quantity, in g;

is design applieation density, in g/m3 (may need to be adjusted to compensate for any special
conditions/that would adversely affect the extinguishing efficiency, see 7.4);

=
<

' is prdtected volume, in m3 (may include adjacent connected hazards or work areas).

The dlesigntapplication density is to be specified by the manufacturer in the design manual.

In additionto these calcufated totat flooding quantities, additionat quantities of extinguistiant may be required
by national standards to compensate for any special conditions that would adversely affect the extinguishing
efficiency or, if required, by the physical characteristics of the extinguishant.

Where required, the reserve quantity shall be as many multiples of the main supply as the authority considers
necessary.

7.3.2 Safety factor

The safety factor of 1,3 relates to the increase of 30 % from the extinguishing application density to the design
application density, which results in additional quantity of extinguishant. Circumstances which may not be
adequately covered by this factor (although in some cases they are covered by other requirements in this
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International Standard) and which may need allowance for additional extinguishant (i.e. more than 30 %) are

included but

not limited to the following:

a) Where leakage occurs from a non-tight enclosure.

b) Where leakage occurs due to doors being opened during or immediately after discharge. This should be
covered by operational protocols for individual risks.

c) Where excessive leakage occurs from an enclosure due to expansion of the extinguishant.

d) Where metal surfaces, heated by the fire, may act as an ignition source if not adequately cooled during
extinguishant discharge and hold time.

WARNING 4 The additional extinguishant required to compensate for one of the above-mentipned

circumstang
prevent any|

possibility of exposure by personnel to the high initial concentration of the-aerosol.

tes may increase potential inhalation toxicity of the aerosol. Care should be ‘take¢n to

7.4 Designh application density adjustment

7.4.1 Effects of altitude

The design falculations of the extinguishant shall be adjusted to compensate’ for ambient pressureg that
vary by morg than 11 % (equivalent to approximately 1 000 m of elevationrchange) from standard sea|level
pressure (10f1 300 Pa absolute). The ambient pressure is affected by changes in altitude, pressurizatipn or
depressurizdtion of the protected enclosure, and weather-related barometric pressure changes.

7.4.2 Effects of temperature

Temperaturef as with altitude, has no effect on condensed aerosol design factor calculations, but it affects the

extinguishan

At elevated
conditions w|
Reduction in

performancel

At lower tem
compared to
a high veloci

At temperaty
for a lower ¢
determined |

7.4.3 Effec]

[s spatial distribution.

emperatures, aerosol expands to a greater specific volume. A system designed for sta
Il therefore develop, at the same _design factor, a higher distribution at elevated tempera
quantity of extinguishant is, however, not recommended, as it may result in lower extingui

that achieved under standard temperature conditions. The likelihood of this should be low d
y and the elevated temperature of aerosol being released.

res below zer@, the quantity indicated at room temperature shall be increased to compe
pverage. Design factor determined at room temperature shall be multiplied by a correction {
y the manufacturer and included in the design manual.

ks of ventilation

TU

dard
res.
shant

peratures, aerosol may expand to a lesser specific volume. This may result in lower covg¢rage

ue to

nsate
actor

All ventilatior

systermsshoutdbeshutdown prior to theactuatiomrof the condensed aerosotsystenT:

However, the possibility of aerosol discharge into an enclosure that is ventilated should also be considered.
In such enclosures, some extinguishant will be lost with the ventilating air. Assuming that ventilation must
continue during and after discharge, a greater amount of extinguishant is required to develop a given design
factor.

Also, to maintain the design factor at a given level requires continuous extinguishant discharge for the duration
of the holding period.

The designer/installer shall provide reliable calculations for each system if applicable.
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7.4.4 Compensation for leakage through enclosure openings

The designer/installer shall provide reliable calculations for the design application density necessary to
compensate for any leakage through unclosable openings.

7.5 Unit size and quantity of aerosol generators

7.5.1 Maximum or minimum protected height limitations

The selected unit sizes shall comply with the maximum distance and area coverage and maximum or minimum
protected height limitations as specified for each unit. The maximum and minimum height and coverage
distance for each unit size of the aerosol generators are determined by area coverage fire tests ps described
in Annex D.

7.5.2] Minimum thermal clearance

The gelected unit sizes shall be appropriate for the protected area in terms of thesminimum thernpal clearance
from the discharge outlets. If the protected area is congested or contains temperature-sensitive pquipment, it
would be appropriate to select several smaller units that require less minimium clearance although one large
unit may be adequate in terms of achieving the required design quantity.

The following general criteria should apply:

— forlocations where personnel may be situated, the minimum.thermal clearance shall refer to g temperature
mot exceeding 75 °C;

— for locations where combustible materials or equipmieht may be situated, the minimum thernpal clearance
ghall refer to a temperature not exceeding 200 °C;

— for locations where non-combustible equipment may be situated, the minimum thermal clgarance shall
flefer to a temperature not exceeding 400%¢!

7.5.3| Several smaller units versus few'large units

In some applications such as cable-ducts and trenches, several smaller units of the same family gvenly spread
along the protected enclosure would provide better distribution and faster achievement of the minimum design
dens|ty throughout the area although one large unit may fulfill the agent quantity requirement.

7.5.4] Mounting locations

Certgin protected enclosures may have very specific permissible mounting locations. This may jnfluence the
quantity and sjze\of the units selected.

7.5.5| Quantity of aerosol generators

7.5.5.1 General

Quantity of aerosol generator’s units needed to protect a room may be increased in order not to exceed
maximum coverage distance.

7.5.5.2 Same unit size
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mg

is the rounded-up integer number of aerosol generators of one size;
is the design application density, in grams;

is the effective mass of aerosol in one generator, in grams.

(2)

7.5.5.3 Different unit size

If different siz
the design q
account.

The height g

res of aerosol generators should be selected, the total mass of extinguishant shall be notlesg
Liantity. If the different sizes have different design application densities, this has to\be take

f the protected enclosure shall not exceed the maximum height limitation listed for the sm

unit size selécted, unless uniformity of the aerosol distribution for the greater height_has been proved

discharge te

7.5.6 Multi

In case of th

7.6 Operd

In-service of
by the manulf

7.7 Durat

It is importa
sufficient pe
since a persi
to resurgenc

It is essentid

1.

ble generator systems

ting conditions

erating conditions, such as temperature, humidity and vibration, shall be within ranges spe
acturer and as listed by a listing authority, for a specific aerosol extinguishant (see also 6.4),

on of protection

nt that an effective extinguishant’concentration not only be achieved, but be maintained
iod of time to allow effectiveyemergency action. This is equally important in all classes of
stent ignition source (e.gfan arc, heat source, oxyacetylene torch, or “deep-seated” fire) carj
b of the initial event ornice the extinguishant has dissipated.

| to determine thé-likely period during which the extinguishing concentration will be maint

within the protected enclosure! This is known as the hold time.

Due to the {
particulates,
which is not

pecific characteristics of the extinction process of condensed aerosols that primarily prg
no method is known to evaluate the hold time in real installations, other than real disc
bragtical. For this reason, a specific test is required for each aerosol formulation to determin

maximum le

than
h into

allest
by a

e need of more than one aerosol generator to protect a volume, generators of the same family
shall be useq.

cified

for a
fires
lead

hined

duce
narge
e the

kage area to volume ratio that provides for the minimum hold time declared by the manufagturer.
For condenjeﬁmmmmmmawmﬁmMWWh for

determining hold time is detailed in Annex D. For condensed aerosols that produce only gases (i.e. do not
generate particulates participating in the extinction process), an alternative approach detailed in Annex E of

ISO 14520-1

:2006 may be used, based on the density of the mixture of gases produced.

The leakage area for a specific room can be determined as the ELA value obtained with the door fan test
described in Annex E of ISO 14520-1:2006 . The details of the test to determine the area/volume ratio are given

inD.7.

18
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To ensure the protection is adequate in terms of hold time, the following comparison must be fulfilled:

< leakage area to volume ratio (D.7).
Vroom

The hold time shall be not less than 10 min, unless otherwise specified by the authority.

As the application density of a condensed aerosol cannot be measured directly by a gas analysis technique,
other physical properties proportional to the application density, such as optical transmittance, could be
measured providing the adequate calibration between such property and the design application density can
be effected. The measuring technique, procedure and calibration method shall be listed or approved by an

apprepriate-authorty-

7.8 | System discharge

7.8.1| Discharge time

The diischarge time shall not exceed 90 s from the actuation or as otherwise aecepted by the authorities.

7.8.2| Effectiveness of discharge

The gystem design shall be such that:

a) e design concentration is achieved in all parts of enclosure;
b) e discharge does not cause fire or explosion;

C) e discharge does not unduly splash flammable liguids.

7.8.3] Thermal clearance

In order to minimize the potential heat damageto the enclosure or its contents during discharge of thHe condensed
aerogol generators, minimum thermal clearance from the discharge outlet(s) shall be observed|as specified
for the selected size of the condensed aerosol generator and as appropriate for the protecied contents.
Consgideration shall also be given 4o\the maximum casing temperature in relation to the heat sersitivity of the
mounting and adjacent surfaces.

7.8.4| Extended discharge

Where an extended(discharge is necessary, the duration shall be sufficient to maintain the design density
concentration for the-required hold time.

7.9 |Detection, actuation and control systems

7.9.1_General

Detection, actuation and control systems may be either automatic or manual. Where they are automatic,
provision shall also be made for manual operation.

Detection, actuation, alarm and control systems shall be installed, tested and maintained in accordance with
relevant national standards.

Unless otherwise specified in a national standard, 72 h minimum standby sources of energy shall be used to
provide for operation of the detection, signaling, control and actuation requirements of the system.
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7.9.2 Automatic detection

Automatic detection shall be by any method or device approved and shall be capable of early detection and
indication of heat, flame, smoke, combustible vapours, or any abnormal condition in the hazard that is likely to
produce fire.

NOTE Detectors installed at the maximum approved spacing for fire alarm use may result in excessive delay in

extinguishant release, especially where more than one detection device is required to be in alarm before automatic
actuation results.

7.9.3 Operating devices

7.9.31 Aullomatic operation

Automatic systems shall be controlled by automatic fire detection and actuation systems suitable-for.the system
and hazard, pnd shall also be provided with a means of manual operation.

Electrically gperated fire detection systems shall comply with the appropriate national standard. The elgctric
power supply shall be independent of the supply for the hazard area, and shall include an‘emergency secondary
power supply with automatic changeover in case the primary supply fails.

Because an gerosol extinguishant is a smoke-like medium in itself, release of the-aerosol may cause unwanted
activation of smoke detectors in adjacent areas.

When two off more detectors are used, it is preferable for the system-te Operate only after signals from| both
types of detgctors have been received.

7.9.3.2 MaIuaI operation

Provision shall be made for manual operation of the firefighting system by means of a control situated odtside
the protected space or adjacent to the main exit from the space.

In addition tq any means of automatic operation,.thie’system shall be provided with the following:
a) one or njore means, remote from the aerosol generator containers, of manual operation; or
b) a manual device for providing direc{ mechanical actuation of the system; or

c) an electfical manual release system in which the control equipment monitors for abnormal conditigns in
the power supply and provides a signal when the power source is inadequate.

Manual opergtion shall cause hormal operation of the generators as specified by the manufacturer.

NOTE 1 National standards may not require a manual release, or may require the release to operate via thé pre-
discharge alagms and.time delay.

The manual joperation device shall incorporate a double action or other safety device to restrict accidental
operation. The-device shall be provided with a means of preventing operation during maintenance of the

system.

NOTE 2  The choice of the means of operation depends upon the nature of the hazard to be protected. Automatic fire
detection and alarm equipment is normally provided on a manual system to indicate the presence of a fire.

7.9.4 Electric control equipment

Electric control equipment shall be used to supervise the detecting circuits, manual and automatic releasing
circuits, signaling circuits, electrical actuating devices and associated wiring and, when required, cause
actuation.

The control equipment shall be capable of operation with the number and type of actuating devices utilized.
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7.9.5 Operating alarm indicators

7.9.5.1 Alarms and indicators

Alarms or indicators, or both, shall be used to indicate the operation of the system, hazards to personnel, or
failure of any supervised device. The type (audible, visual or olfactory), number, and location of the devices
shall be such that their purpose is satisfactorily accomplished. The extent and type of alarms or indicator

equipment, or both, shall be approved.

7.9.5.

2 Audible and visual pre-discharge alarms
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8.1

le and visual pre-discharge alarms shall be provided within the protected area to give pos
pending discharge. The pre-discharge alarms shall operate immediately on commence
upon detection of fire or manual operation of the system. The operation of the warning’ dey
nued after extinguishant discharge, until positive action has been taken to acknéwledge th
ed with appropriate action.

3 Alarms indicating failure

s indicating failure of supervised devices or equipment shall give prompt and positive indi
b and shall be distinct from alarms indicating operation or hazardous’ conditions.

System isolate switch

be present shall be capable of being excluded by means of a system isolating switch.

ystems not compatible with occupied spacessthe system isolate shall be manually ope
nnel entering the protected space or adjacent\areas which could be rendered hazardous by
inguishant.

ystem isolate switch shall be situated.6utside the protected area or adjacent to the main exit
rotected from an accidental operation.

the system isolate switch issactive and the discharge of the system is inhibited, the fire g
systems shall continue toe'function and the system shall return to its operation control whe
ctivated.

bperation of the system isolate switch shall activate an indicator at the fire panel to en
Fators cannot be-Operated.
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This clause sets out the minimum requirements for the commissioning and acceptance of the aerosol
extinguishing system.

8.2 Tests

8.2.1 General

The completed system shall be reviewed and tested by a competent person to meet the approval of the authority.
Only equipment and devices designed to national standards shall be used in the systems. To determine that
the system has been properly installed and will function as specified, the tests specified in 8.2.2 to 8.2.9 shall
be performed.

WARNING — A system isolate switch shall be operated prior to entering the protected enclosure.
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8.2.2 Enclosure check

8.2.2.1

Determine that the protected enclosure is in general conformance with the plans. The actual enclosure

volume and dimensions shall be checked against the protected volume calculations specified in the system
design. Fan rundown and damper closure time shall be taken into consideration.

8.2.2.2 All total flooding systems shall have the enclosure checked to locate and then effectively seal any
significant air leaks that could result in a failure of the enclosure to hold the specified extinguishant concentration
level for the specified holding period.

8.2.2.3 Sh
area is in cg
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during and a

8.2.3 Revig

8.2.3.1
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work area, or on any loose objects or shelves, cabinet tops, or similar surfaces where loose objects could
be present and become missiles.

Minimum thermal clearances from the discharge outlet(s) shall be checked against those specified in the
design documentation for the type of the enclosure occupancy, equipment and materials present in the
enclosure.

The aerosol generators and mounting brackets shall be securely fastened in accordance with the
manufacturer’s requirements. Specified mounting brackets or supports shall be used for each unit size of
the aerosol generator.
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8.2.5 Review of electrical components

WARNING — Prior to the start of any work, the wiring from the releasing panel(s) to all aerosol
generators shall be disconnected. When testing circuitry, it is recommended that a method be used
to verify that the necessary current is available by inserting a resistor into the line equivalent to the
resistance of the generator and measuring the minimum current that is specified by the manufacturer
that is actually delivered.

8.2.5.1 All wiring systems shall be properly installed in compliance with the appropriate national standard and
the system drawings. AC and DC voltage wiring shall not be combined in a common conduit unless properly
shielded and grounded.

8.2.5|2 All field circuitry should be tested for maximum supervisory and minimum activation,current.

8.2.5[3 Allifield circuitry shall be tested for ground fault and short circuit condition. Wheh testing field circuitry, all
electfonic components (such as smoke and flame detectors or special electronic equipment for other detectors,
or their mounting bases) shall be removed and jumpers properly installed to preverit the possibility of damage
withif these devices. Replace components after testing the circuits.

8.2.5/4 Adequate and reliable primary standby sources of energy which*comply with 7.9.1 shgll be used to
provigle for operation of the detection, signaling, control and actuation xequirements of the system

8.2.5|5 Allauxiliary functions (such as alarm sounding or displaying devices, remote annunciatorg, air handling
shutdown, power shutdown, etc.) shall be checked for proper operation in accordance with system fequirements
and design specifications.

8.2.5|6 Alarm devices shall be installed so that.they are audible and visible under normal operating and
envirpnmental conditions. Where possible, all air-handling and power cut-off controls should be of|the type that
oncelinterrupted require manual restart to restore power.

8.2.5|7 Check that for systems usinglalarm silencing, this function does not affect other auxilipry functions
suchlas air handling or power cut-off where they are required in the design specification.

8.2.5|8 Check the detection(devices to ensure that the types and locations are as specified ip the system
drawings and are in accordance with the manufacturer’s requirements.

8.2.5|9 Check that-manual release devices are properly installed, and are readily accessiblge, accurately
identified and propetly protected to prevent damage.

8.2.5[10 Check'that all manual release devices used to release extinguishants require two separatge and distinct
actions for\Operation. They shall be properly identified. Particular care shall be taken where manual release
deviges-for more than one system are in close proximity and could be confused or the wrong system actuated.
Manu i T thisT i ifi i y protect.

8.2.5.11 Check that for systems with a main/reserve capability, the main/reserve switch is properly installed,
readily accessible and clearly identified.

8.2.5.12 Check that for systems using isolate switches these are located at each entrance to the protected
area, properly installed and clearly identified.

8.2.5.13 Check that the control panel is properly installed and readily accessible. Check that a system isolate
switch is located in the panel, properly installed and secured from unauthorized use.
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8.2.6 Preliminary function tests

8.2.6.1 Where a system is connected to a remote central alarm station, notify the station that the fire system
test is to be conducted and that an emergency response by the fire department or alarm station personnel is not
required. Notify all concerned personnel at the end-user’s facility that a test is to be conducted and instruct them
as to the sequence of operation.

8.2.6.2 Operate system isolate switch before entering the protected area. For condensed aerosols the wiring
from the releasing panel(s) to all aerosols shall be disconnected. Reconnect the release circuit with a functional
device in lieu of each extinguishant unit release mechanism. For electrically actuated release mechanisms,

I3

these devic
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ease

mechanisms|may include pressure gauges. Refer to the manufacturer’s recommendations in all cases.

8.2.6.3 Check each resettable detector for proper response.

8.2.6.4 Check that polarity has been observed on all polarized alarm devices and auxiliaryrelays.

8.2.6.5 Check that all required end-of-line devices have been installed.

8.2.6.6 Check all supervised circuits for correct fault response.

8.2.7 System functional operational test

8.2.7.1 Operate the detection initiating circuit(s). All alarm functions shall occur according to the design
specifications.

8.2.7.2 Operate the necessary circuit to initiate a second alarm circuit if present. Verify that all second alarm

functions ocq

8.273 Op
specification

8.2.7.4 Wh
design speci

8.2.7.5 Ch

ur according to design specifications.

brate the manual release device. \ferify that manual release functions occur according to d

h
p-

ere appropriate, operatelthe system isolate switch. Verify that functions occur according f
ications. Confirm that visual and audible supervisory signals are received at the control pane

bck pneumatic equipment, where fitted, for integrity to ensure proper operation.

8.2.8 Remgte monitoring operations

8.2.8.1 Dis

corinect the primary power supply, then operate one of each type of input device while on stg

esign

o the
l.

ndby

power. Verify

that an alarm signal is received at the remote panel after the device is operated. Reconne

ct the

primary power supply.

8.2.8.2 Operate each type of alarm condition and verify receipt of fault condition at the remote station.

8.2.9 Control panel primary power source

8.2.9.1

This panel shall be readily accessible but access shall be restricted to authorized personnel only.

Verify that the control panel is connected to a dedicated switched off circuit and is labelled properly.

8.2.9.2 Test a primary power failure in accordance with the manufacturer’s specification, with the system fully
operated on standby power.
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8.2.10 Completion of functional tests

When all functional tests are complete (8.2.6 to 8.2.9), reconnect each extinguishant unit so that activation of
the release circuit will release the extinguishant. When reconnecting the units, ensure that the system isolate
switch is activated so that release circuit will not operate.

After exiting the enclosure, disable the system isolate switch so that the system is returned to its fully operational
design condition.

Notify the central alarm station and all concerned personnel at the end-user’s facility that the fire system test is
complete and that the system has been returned to full service condition by following the procedures specified
in the_manufacturers’ specifications

8.2.1l Completion certificate and documentation

The installer shall provide the user with a completion certificate, a complete set of jnstpuctions| calculations
and fgrawings showing the system as-installed, and a statement that the systém'complies| with all the
appropriate requirements of this International Standard, providing details of any~deviations fron) appropriate
recommendations. The certificate shall give the design parameters and, if carnied out, reports of gny additional
tests|including the door fan test.

©

hspection, maintenance, testing and training

9.1 | General

This ¢lause specifies the requirements for inspection, maintenance and testing of an aerosol fire-extinguishing
system and for the training of inspection and maintenancé personnel.

9.2 |Inspection
9.2.1] General

9.2.1}]1 At least annually, or morefrequently as required by the authority, all systems shall e thoroughly
inspgcted and tested for proper @peration by competent personnel.

9.2.112 The inspection repoft with recommendations shall be filed with the owner.

9.2.113 At least every six months, all aerosol generator assemblies shall be visually inspected gnd the visual
inspegction shall vetify whether:

a) e generator’s casing and actuator(s) are undamaged;

b) e generators are securely mounted;

c) the generators are free from corrosion;
d) the expiration date does not occur prior to the next scheduled inspection;
e) the generator discharge path is unobstructed.

If the generators are installed in separate housing forming part of the listed assembly, an inspection of the
housing meets the intent of this clause.

9.2.1.4 Discharged or expired aerosol generators removed during service or maintenance procedures shall
be collected and recycled, or disposed of in an environmentally sound manner, and in accordance with existing
laws and regulations.
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9.2.1.5 The date of inspection and the name of the person performing the inspection shall be recorded on a

tag attached

to the aerosol generator.

9.2.2 Enclosures

9.2.2.1

protected enclosure have occurred that could affect leakage and extinguishant performance.

At least every 12 months it shall be determined whether boundary penetration or other changes to the

9.2.2.2 Where the integrity test reveals increased leakage that would result in an inability to retain the
extinguishant for the required period, remedial action shall be carried out.

9.2.2.3 WHh
enclosure, of
is recommen
to ensure thd

9.2.2.4 WHere pressure relief vents are installed, the devices shall be inspected for @any mechanical da
and other impacts that could affect their operation. The effective vent area shall be-Checked for conforn
with the design calculations.

9.3 Maintgnance

9.3.1 Gengefral

The user shall carry out a programme of inspection, arrange ‘a*service schedule, and keep records (¢
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nd servicing.

e continued capability for effective performance, of a firefighting system depends on fully adequate s
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uld provide the user with a recordqn\which inspection and service details can be entered.

shall provide the user with an inspection programme for the system and components
hall include instructions/on the action to be taken in respect of faults.

have to operate™ A suitable programme is as follows.

Visually. €heck the hazard and the integrity of the enclosure for changes which might redug
y of thésystem. Carry out a visual check that there is no obvious damage to the system an
ting.controls and components are properly set and undamaged.
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system may
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Checkthatatt personner wno may nave 10 operate ine equipment or system are property tr

and authorized to do so and, in particular, that new employees have been instructed in its use.

ined

WARNING — Always operate a system isolate switch prior to entering the protected enclosure if the

unit is not a

9.3.3 Servi

pproved for occupied spaces.

ce schedule

A service schedule shall include requirements for periodic inspection and test for the complete installed system,
including aerosol containers, as specified in the appropriate national standards.

The schedule shall be carried out by a competent person who shall provide to the user a signed, dated report

of the inspec
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tion, advising any rectification carried out or needed.
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During servicing, every care and precaution shall be taken to avoid release of extinguishant.

9.4 Training

All persons who may be expected to inspect, test, maintain or operate fire-extinguishing systems shall be
trained and kept adequately trained in the functions they are expected to perform.

Personnel working in an enclosure protected by an aerosol extinguishant shall receive training in the operation
and use of the system, in particular regarding safety issues.
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Annex B
(informative)

Toxicity and visibility testing

B.1 Introduction

In the fire protection sector, health and safety depends upon an individual’s ability to escape a fire|lhazard. This
ability could be impaired if a fire suppressant has an immediate toxic effect, or decreases visibility hecessary to
exit gn occupied space. These factors may also pose risks in a non-fire situation. Both immediate and delayed
toxicity are of concern when powdered aerosols are used. The following discussieh“provides| guidance to
assist in characterizing immediate and delayed toxicity. Authorities having jurisdiction may wish to|consider this
information when assessing powdered aerosol fire extinguishers for occupied spaces.

B.2 | Assessing toxicity: irritation and inhalation toxicitytests

Two foxicity tests have been proposed for assessing the potential fot\short-term toxicity to humgns following
the accidental release of a powdered aerosol. The first test is the ‘Draize test (US EPA/OPPTE 870 2400).
This ftest is to be performed in order to analyse the potentialfor irritation and corrosion in th¢ human eye
following exposure to powdered aerosol particulate matter. As.reported in the test guidelines, compounds that
are aJready known to be corrosive or caustic do not needtg-be assessed by this test.

The $econd toxicity test is a 15-minute inhalation test*using rats. This test should incorporate [an exposure
scengrio that is similar to release of the powdered aerosol fire extinguisher at its design factor. In[other words,
the tgxicity test will use an exposure of the powdered aerosol that is identical to that to which a human would
be eXposed at the end use in the event of anaccidental release. Two different sets of rats (each set containing
a graup of controls and exposed rats) should be exposed for no longer than 15 min. This expospre time was
chosen to provide a measure of safety regarding potential resultant toxicity because human expogure is limited
to only 5 min. The rats should be exposed via whole-body inhalation methodology; nose-only exposures are
not appropriate for these compaounds. During and immediately following exposure, particular atteéntion should
be paid to ocular effects. FollagWwing exposure, one set of animals should be evaluated immediatgly for clinical
signg, mortality, and inhalation- and systemic toxicity as noted in OPPTS 870.1300, and for histopathology as
noted below. Further, theCseCond group of animals should be observed for 14 days post-exposure. Both sets
of anjmals should be éxamined for gross pathology and histopathology of appropriate organs (elg. lungs and
potentially the nasal‘passages and the trachea). In addition, wet and dry lung weights should be[measured in
contrpl and exposed rats to determine if edema has occurred. Specific effects to investigate in the histopathology
of the lungs are'pneumonia, edema, inflammation, alveolar coalescence, macrophage infiltration, and similar
responses. Evaluation of these parameters may require an additional exposed group. If data are available that
indicatethat any components of the powdered aerosol affect systemic toxicity or particular target organs, a
furthir evaluation of these organs in the exposed rats may be advisable.

In the event that the design factor cannot be reached during a 15-minute inhalation toxicity test, then a 4-hour
inhalation toxicity test following OPPTS 870.1300 should be performed. The exposure concentration in this assay
should be the highest exposure concentration achievable (e.g. the highest airborne particle concentration that
can be technologically achieved given the characteristics of the powdered aerosol). The same sets of animals
and control and dose groups described in the 15-minute inhalation test should be used in the 4-hour test,
and the same endpoints should be measured. Particular attention should be paid to ocular irritation/corrosion
during and after the exposure period and throughout the clinical observation period (14-days post-exposure).

B.3 Assessing toxicity: literature review
A comprehensive review of the published literature should be performed regarding the potential toxicity of

components of the powdered aerosol, or of the whole product. These data can then be used to determine or
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predict toxicity of the end product. This evaluation can include, but should not be limited to, an evaluation of
appropriate short-term exposure limits and other exposure values set by regulatory agencies for components
of the powdered aerosol.

( Identify compound )

Provide information on the complete extinguishant particle size distribution
including the shape and aerodynamic profile of the individual particles
(known as the mass median aerodynamic diameter or MMAD) and the geometric
standard deviation of the particles during a typical commercial discharge.*

Provide complete acute toxicity testing data.

Following exposure to
highest appropriate congentration,
are adverse effects
observed?

Can the design factor
be achieved for inhalation
toxicity testing?

Ocular irritation
(see protocol
OPPTS 870.2400).

YES

4-hour short-t¢rm inhalation
test at the highpst achievable

YES

12-m_inutfe i?hale:ti?n test at the Assess the effect(s)
idn- esign Taclor-sialic exposure corrosion?, irritation?) with
concentratign-constant (modified OPPT 870.1300 ( )
exposure (mddified OPPT

| regard to potential commercial
870.1300 protocol). protocol). exposures.

1 !

Following exposure to
ighest appropriate concentration;
are adverse affects
observed?

/ Compound is defined as a
K nuisance dust (limits set

by OSHA3).

Discliss relevance of effects to humans based on
literature review of aerosol components and
depokition data from RDDR' and/or MPPD? medel:

C Assesq with regard to potential commercial.exposures. )

Regional Peposited Dose Ratio
Minimal Persistent Pigment Dose
Occupatignal Safety apd Health Administration (USA)

The subnpitter is responsible for developing the appropriate methodology to provide this information, whigh will
be reviewed Iy EPA ‘en a case-by-case basis. Occupational exposures may be measured as described in prptocol
(NMAM 0500y).

FWON -

Figure B.1 — Flowchart of assessment of powdered aerosols

B.4 Assessing visibility for a powdered aerosol: a model approach

To ensure that powdered aerosol products will meet the visibility requirements of the appropriate organizations,
a brief assessment of visibility ratings as a function of concentration of agent and particle size is provided.
Figure B.1 shows a flowchart of the steps to be taken in the assessment of powdered aerosols. Table B.1
provides an estimate of the distance an individual can see in a space where a powdered aerosol fire extinguisher
has been discharged in the absence of a fire. This distance is based on a standard contrast value of 0,02 for
particulate matter with a given mass median aerodynamic diameter (MMAD) at varying concentrations, under
sunlight conditions for a refractive index of 1,5 which represents the typical value for atmospheric particles
including organic liquid aerosols (Rawle, [7]. It can be anticipated that the relationships presented in Table B.1

30 © 1SO 2011 — Al rights reserved


https://standardsiso.com/api/?name=24befc8ab19956aa82109015160b9398

ISO 15779:2011(E)

would also apply to typical indoor lighting conditions, although the changes in visibility would be somewhat
less; therefore, the indoor visibility will be slightly lower than that of the outdoors.

Table B.1 — Visibility as a function of particle MMAD and concentration

10 | 285600 | 2856 286 143 95 71 57 41 32 26 22
9 | 248400 | 2484 248 124 83 62 50 36 28 23 19
8 | 207600 | 2076 208 104 69 52 42 30 23 19 16
£ 7 | 177600 | 1776 178 89 59 44 36 25 20 16 14
;' 6 | 156000 | 1560 156 78 52 39 31 22 17 14 12
5 | 139200 | 1392 T39 70 25 35 78 70 6 T3 1
g 4 | 123600 | 1236 124 62 4 31 25 18 14 11 10
K 3 | 114000 | 1140 14 57 38 29 23 16 13 10 9
; 2 81600 816 82 41 27 20 16 12 9 7 6
'*;" 1 25200 252 25 13 8 6 5 4 3 2 2
o 0.8 | 15600 156 16 2 1 1
0.5 1200 120 12 6 4 3 2 2 1 1 1
0.1 | 163200 | 1632 163 82 54 M 33 23 18 15 13
0 10 1,000 | 10,000 | 20,00 | 30,000 | 40,000 | 50,000~| 70,000 | 90,000 | 110,000 | 130,000
Concentration in mg/im?
NOTH Numbers that are not in bold type represent visibility in cm.
Tablg B.1 estimates the visibility (cm) in a space where a powdered aerosol has been emitted. The table shows

that the visibility is a strong function of the powdered aerosol’s concentration and MMAD. Ag the MMAD
of the aerosol deviates (i.e. increases or decreases) from 0,5 ym and the concentration of the powdered
aerogol remains constant, the visibility in the space improves. Additionally, as the concentration of|the released
powdered aerosol increases, the visibility in‘the space decreases.

The model is based on daylight conditions, and may not precisely correspond to visibility in machinery spaces
withqut natural light; however, the miadel can still be used as an approximate gauge for these circimstances. If
lighting is substantially below daylight conditions, then the values in Table B.1 overestimate visibility.

B.5| Design of themnodel

This model is based{upon the standard visual range formula and Mie Theory!). The following standard visual
range¢ formula is baSed on typical aerosol distribution in sunlight and the standard visual contrast;

Ly = 1200/C

wherg

Ly is visibility in km;

C is the concentration of the aerosol particles in pg/m3 for particles with MMAD falling in the range of
0,1 umto 1 uym.

Figure B.2 is based on Mie Theory and shows how the amount of light scattering, represented by a scattering
coefficient, is dependent upon particle MMAD. This figure shows how solar light at sea level, which has its peak
wavelength in the range from 0,3 pm to 0,6 pym, is most effectively scattered by particles with similar dimensions
(i.e. 0,3-0,6 ym in diameter). Thus, light is less effectively scattered by particles whose size is larger or smaller
than this optimal size range, and the resulting visibility improves. Thus, the visibility for a powdered aerosol

1)  Mie theory is a mathematical-physical theory of the scattering of electromagnetic radiation by spherical particles [41.
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is approximated by a function of the concentration, as shown by the standard visual range formula, and the
particle MMAD for a given characteristic standard distribution of solar light based on Mie scattering functions.

12

—
o
|

(oo}
|

o
|

G x 10%,[m™ /um - cm®
~
T

NOTE

Figure B.2 — Particle MMAD (um)

to 0,68 um) fof a typical refractive index of 1,5.

THe scattering coefficient has been calculated, and shown in Figure B.2 (see B.12), for a given charact
standard distripution of solar light based on Mie scattering functions over typieal ground level visual wavelengths (0,

Table B.2 — Aerosol settling velocity~=— Spherical particles in air

10

eristic
B6 Um

Mass median aerosol diameter

Settling velocity

(Um) (cm/s)
0,1 0,000 086
0,2 0,000 23
0,5 0,0010
1,0 0,003 5
2,0 0,013
5,0 0,078
10 0,31
20 1,2
50 7,6

B.6 Potential settling rates and the effect on visibility

The scattering model described in B.5 does not include any adjustment for the velocity at which the particles
settle. If the particles settle quickly, the concentration of the powdered aerosol in the air decreases and visibility
increases. Table B.2 shows settling velocity for spherical particles based on Stokes law and adjustments for
friction and slip corrections. The table shows that over the time period of interest (< 10 min), the vast majority
of particles will remain suspended for particles with MMAD < 10 um. Fire suppressant systems tend not to use
particles having MMAD > 10 um because the particles agglomerate and fall out of suspension, rendering the
fire suppressant less effective. Therefore, since the settling velocities are minimal for the size particle used in
fire suppressants, the settling velocity will not significantly alter the visibilities presented in Table B.1.
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B.7 Accounting for refractive index

The refractive index (i.e. the change in direction of light passing through the substance) of a particle can
also influence visibility. This refractive index includes both scattering and absorption of light. If the particular
powdered aerosol of concern has a relatively low refractive index (e.g. 1,2) then assuming spherical particles,
the particle would be approximately five times less effective in scattering light than typical atmospheric aerosols.
Conversely, if a powdered aerosol has a refractive index of 1,8, then for spherical aerosols the scattering
would be five times greater. Fire suppressants containing powdered aerosols with a low refractive index will
yield better visibility in the space than those with a higher refractive index. Therefore, choosing chemicals (i.e.
powdered aerosols) with a low refractive index for use in a fire suppressant is one means of increasing the
visibility resulting from these types of materials.

B.8 | Designing the lighting and space to conform with physical properties|of the

powdered aerosol
Visib
of the

rathe]
room

areful design
wavelengths
scape from a

lity in a room where a powdered aerosol has been discharged can also be ificreased by ¢
environment in which the fire extinguisher is used. Through utilization of lights with specific
r than white light, and a room design that provides easily accessible exits, the chances for e
where a powdered aerosol has been discharged can be improved.

B.9 | Utilizing light of specific wavelengths and photoluminescent marking|systems

Light
incidg
air, ir
aeroq
wave
poss
type
vapo

Durin
batte
a ph
Phot
of Of
lighti

Addi
esca
lights
four f
were
in en

Ionally, aUSFederal Aviation Administration (FAA)sponsored study tested the efficacy ofaphot
be path-marking system in an airplane. During a nighttime evacuation scenario in a cabin without identifier

is most effectively scattered by a particle size that is the same dimension as the wave
ent light. As the wavelength of light deviates from the size of the powdered aerosol distr
terference between the particles and the light degreases and visibility increases. Becau
ol products each have their own MMAD and refractive index, each fire suppressant will hg
engths of light that penetrate through its suspended particles with minimal scattering. |
ble to research the different types of light thatimay be used in the occupied spaces and dets
pf lighting may best be suited for use with»a-particular powdered aerosol. For example, mercy
[ lamps may improve visibility depending-on particle size.

g an emergency situation in which a powdered aerosol fire extinguisher is released,
Iy powered lighting systems may be unreliable. In anticipation of power failure in emergen
ptoluminescent floor lighting“system has been developed as an alternative to traditi
pluminescent lights, originally used in many of Norway’s hydro power plants, and the undergrg
lo’s airport, have now/been considered for use in high-rise towers and in planes to provid
g (Jensen, 1999).

or illuminated signs (i.e. to mimic smoke obscuring conditions in the cabin environment from
eet above the cabin floor), both zinc sulfide and strontium aluminate photoluminescent mar
tested. These materials absorb energy from natural light and the plane’s standard aircraft li

ength of the
buted in the
5e powdered
ve particular
is therefore
ermine which
ry or sodium

electrical or
Cy situations,
bnal lighting.
und facilities
P emergency

bluminescent

the ceiling to
King systems
phting. Then,

ergency situations, when all other lighting is extinguished, the photoluminescent system emi

ts the energy

as visible Tight. The FAA study concluded that the strontium aluminate sysiem, though it charges more slowly
than the zinc sulfide material, emits more light and provides adequate lighting to mark a path of egress (FAA,
1998). Thus, a photoluminescent floor marking system would potentially help in marking an exit route in a
scenario involving powdered aerosol discharge. The effectiveness of such a system would depend upon the
powdered aerosol concentration and particle size distribution.

B.10 Decreasing distance to exits

The rooms in which the powdered aerosol fire extinguishers are used may be designed such that the distance
to the nearest exit is as short as possible. Other designs to consider are ones in which the distance to any wall
which leads to an exit is minimized. A room constructed in this manner would allow one to see well enough to
get to the wall and then feel one’s way to the closest exit.
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B.11 Training

Increasing the ability of an individual to exit a space where a powdered aerosol has been released can also

be achieved t

hrough training of the space’s occupants. Workers that occupy areas in which powdered aerosol

fire extinguishers are present should be trained on how to react in the event of an accidental release of the fire

suppressant.

Personnel should be made aware of the locations of all the exits and the distance and direction of

all doorways and other means of egress, even when a view of the exits is obscured by the released powdered

aerosol.

B.12 Recommended testing procedures

After considg

ration of modeling and engineering adjustments identified in this annex leads to a determirjation

that the powdered aerosol is likely to meet visibility standards, then physical testing of visibility"should be

performed. A

nephelometer may be used to measure this visibility. Usually used to assess visual air quality or

particulate matter concentrations in air, a nephelometer measures the extinction of light, which'is depehdent

upon both th

e scattering and absorption of light over some distance (Parikh, 2001). Using the scat{ering

coefficient provided by the nephelometer and the design factor, the visibility resulting from\the discharge of the

powdered agrosol may be assessed.
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Annex C
(normative)

Test methods

General

The f

C.2

The
shall

The t

C3

The manufacturer shall submit a sufficient number of samples from the same batch for testing.

Unleq
perfo

A minimum of five generators in each size within.afamily shall be tested in the as-received con

funct
temp

A mifimum of three generators in the smallest and largest size within a family shall be tested fo

follow
C.8,
C.13,

The
each
minin
be te
The

will d
effici

pllowing shall apply to the condensed aerosol generators.

Conditions

be carried out at a temperature of (25 + 10) °C, except when otherwise stated.

plerance for all test parameters is 5 %, unless otherwise stated.

Samples

5s otherwise noted, a minimum of 200 ignition devices of each type shall be tested fo
rmance test in C.15.

on test in C.16, which also includes the,discharge time test in C.16.1 and the casing and
erature tests in C.16.2 and C.16.3.

ing tests: temperature and humidity test in C.7, low temperature test in C.7.3, accelerated 4§
corrosion test in C.9, stress-carrosion test in C.10, vibration test in C.11, impact test in C.12
and fire exposure test inC.17.

number of generators.for coverage determination in C.5 will depend upon the installation
generator within a family. A minimum of one generator in each size within a family shall be
hum height/maximum coverage testin D.5.1. A minimum of one generator in each size within
sted for the maximum height test in D.5.2.

humber_of\generators and generator size for the extinguishing application density determi
epend>upon the area coverage limitations and generator efficiency. The generator having
bney \(that is, smallest amount of aerosol extinguishing agent produced related to the gen

components shall be tested assembled as recommended for installation by.the manufactufer. The tests

the ignition

dition for the
aerosol flow

r each of the
geing test in
, drop test in

limitations of
ested for the
a family shall

nation in C.5
the smallest
erator’s solid

aeros

nl_fnrming r‘nmpmmd mnee) shall he used

The sequence of tests is shown in Table C.1 and is given by the numbers 1, 2, 3, etc., in the table. A, B, etc.,
are the different samples.
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Table C.1 — Test sequence

Test method

Test order for sample

A B C D E

F

G

H

C.4 Compliance

1

1

1

C.5 Extinguishing application density
determination

C.5 Coverage determination

C.6 Discharge time test

C.7 Temperature and humidity test

C.7.3 Low temperature test

C.8 Acceleratgd ageing test

C.9 Corrosion test

C.10 Stress corrosion test

C.11 Vibration ftest

—_

C.12 Impact tep

C.13 Drop test|

C.14 Casing ad aerosol flow temperatures tests

C.15 Ignition performance test

C.16 Function fest

C.17 Fire expopure test

NOTE 1 Aflthe option of the manufacturer, the temperature and humiidity test in C.7 can be conducted with the|same
generator sanpples following the impact test in C.12.

NOTE 2  Affthe option of the manufacturer, the low temperature test in C.7.3 can be conducted with the same gengrator

samples following the drop test in C.13.

C.4 Compliance

A visual and measurement check shall be made to determine whether the condensed aerosol gengrator
corresponds|to the description in the technical literature (drawings, parts lists, description of functions, operating

and installatipn instructions).

C.5 Extihguishingapplication density determination

The extinguishing application density for specific fuels under different classes of fires shall be determingd by
specific testd using.the fire test procedures described in Annex D.

Extinguishing application density tests should be conducted with generator(s) of the same family. The number

of aerosol generator units shall be sufficient to provide the needed extinguishing application density In the test
enclosure. The mass of the generator unit prior and after discharge shall be recorded.

C.6 Discharge time test

The discharge time test is an integral part of the function test. See C.16.1 for the discharge time test procedure.
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Temperature and humidity operation range tests

C.7.1  Object of the test

The object of the test is to demonstrate the ability of the equipment to function correctly at high relative humidity

(with

condensation) which may occur for short periods in the anticipated service environment.

C.7.2 Test procedure

C.7.2.1 General

The
cond

C.7.2

Apply
a) |

est procedure described in EN 60068-2-30, using the variant 1 test cycle and control
tions shall be used.

.2 Conditioning
the following severity of conditioning:

bwer temperature: (25 + 3) °C

b)
c)
d)
e)
f)
C.7.2

After
be sU

C.7.2

Whe

C.7.

Cong

whicheveris.the lower, for a minimum of 16 h.

pper temperature: (55 + 2) °C

elative humidity at lower temperature: (93 + 3) %
elative humidity at upper temperature: (93 + 3) %
umber of cycles: 10

old time at temperature and recovery time before'each test: (12 + 0,5) h

.3 Final measurements

the recovery period, the sample shall-be visually checked for mechanical damage externz
bjected to the function test.

.4 Requirements

h subjected to the function test, the sample shall respond correctly.

8 Low temperature test

ition the sample at —20_2 °C, or the service temperature recommended by the manufa

ed recovery

lly, and shall

| 0o
turer , °C,

Then

carry out the function test immediately. When subjected to the function test, the sample s

hall respond

corre
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C.8 Accelerated ageing test

c.8.1

Test results

Test time shall be calculated to fulfill requirements as follows:

t
12 _5AT0 (C1)
&
where
11 is tgsttimen u'aya,
tp is expected service life, in days;
AT=T1¢ T2
Tq s tgst temperature, in degrees Celsius;
T2 is maximum operating temperature, in degrees Celsius.
Table C.2 — Example for the calculation result of Equation{C.1) at 7> = 25 °C
Test temperature Test days for 10 years Test days for 5 years
T4 expected service life expected service life
90 °C 40 days 20 days
100 °C 20 days 10 days
C.8.2 Test procedure

The test progedure is the following.

a)
b)

0)

d)

C.9 Corrosiontest

The sample shall be exposed to a salt spray within a fog chamber.

Tests arg¢ performed on three fully asseimbled condensed aerosol generators of the selected model sige(s).
The manufacturer shall specify the maximum operation temperature and expected service life.

The gengrators shall be subjected to air-oven ageing at temperature 74, which shall be at least 10 °C Higher
than the[specified maximum-operation temperature, for a period of 71 days as calculated by Equation |(C.1).

Following the ageing4est; the aerosol generators shall be subjected to and pass the function test.

The essential components and properties of the reagents and the test configuration are:

38

solution consists of NaCl in distilled water;
concentration of the solution: (5 + 1) %;
pH Value: 6,5 to 7,5;

spray pressure: 0,6 bar to 1,5 bar;

spray volume: 1 ml/h to 2 ml/h on an area of 80 cm?;

temperature in test cabinet: 35j’3 °C;
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https://standardsiso.com/api/?name=24befc8ab19956aa82109015160b9398

ISO 15779:2011(E)

— position of the sample: 15° to the vertical axis;

— spray time: (240 £ 2) h;

— drying time: (168 £ 5) h at a humidity of maximum 70 %.

The sample shall be subjected to a function test in accordance with C.16.

C.10 Stress corrosion test

This test is to be conducted only on generators using copper alloys. The stress corrosion test is to be conducted

unled
amm

The 3
(10 +

The
amm
of thd

After
cracK
failuri

C.11

The drawings and the technical data shall be checkedto determine whether vibration could hav

effec
The s
The 1
—

— A

S 1t can be shown 1o the listing authority that the materials uUsed in the construction are not g
bnia stress corrosion.

queous ammonia solution shall have a specific weight of (0,94 + 0,02) kg/l. The sample’shall
0,5) ml of the solution for each litre of container volume.

bnia and air, at a temperature of (34 + 2) °C. The samples shall be positioned (40 + 5) mm al
liquid.

testing, the samples shall be cleaned and dried and subjected.to-¢areful visual examinat
ing clearly visible, the liquid penetration method shall be useds€racks are unacceptable, re

a)
.

Vibration test

on the performance.
ample is attached to a vibration table using fixing materials provided by the manufacturer.
est apparatus and procedure shall-beas described in EN 60068-2-6, Test Fc:
Frequency range: 10 Hz to 150tHz:
\cceleration amplitude forcomponents which are designed to be attached to machinery:
10 Hz to 50 Hz: 9,84¥'m/s? (= 1,0 gp);
— 50 Hz to 150-Hz: 29,43 m/s? (= 3,0 gp).
\cceleratiori:amplitude for components which are designed to be attached to walls:
—  10'Hz'to 50 Hz: 1,962 m/s? (= 0,2 gn);
-50 Hz to 150 Hz: 4,905 m/s? (= 0,5 gp).

usceptible to

be filled with

sample shall be degreased for the test and shall be exposed for 10 daysho-the moist afmosphere of

ove the level

on. To make
sulting in test

P an adverse

— Sweep rate: 1 octave per 30 min.

— Number of sweeps: 0,5 per axis.

— Number of axes: 3 mutually perpendicular.

The sample shall not operate during the test as a result of the vibrations.

No deterioration or detachment of parts shall occur. The sample shall be inspected for external mechanical
damage and shall be subjected to a function test in accordance with C.16.
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C.12 Impact test

C.12.1 Test procedure

The test apparatus shall consist of a swinging hammer incorporating a rectangular-section aluminium alloy head
(aluminium alloy AlCu4SiMg) with the plane impact face chamfered to an angle of (60 £ 1)° to the horizontal,
when in the striking position. A suitable apparatus is described in C.12.2.

The specimen shall be rigidly mounted to the apparatus by its normal mounting means and shall be positioned
so that it is struck by part of the upper half of the impact face of the hammer (i.e. above the centre line), when the
hammer is in the vertical position (i.e. when the hammer head is moving horizontally). The direction of impact

relative to th

A horizontal
velocity of (1

C.12.2 Test apparatus

The toleranc

The test app
section head
fixedintoas
the hammer
to allow com

The striker s
from alumini
impact face

diameter of (

The striker s
of rotation off
external diarn
approximate

Diametrically
and 185 mm
counter-bala
of the striker

e SPeCImen snall be Cnosern as e most likely 10 1mpalr tne normal tunctoning or the specl

5+ 0,125) m/s.

b for all dimensions in this test apparatus shall be 0,5 mm, unless otherwise specified.

aratus (see Figure C.1) shall consist essentially of a swinging hamrmer* comprising a rectar

(striker), with a chamfered impact face, mounted on a tubular steeVshaft. The hammer sh
eel boss, which runs on ball bearings on a fixed steel shaft meunted in a rigid steel frame, s
can rotate freely around the axis of the fixed shaft. The design of the rigid frame shall be su
blete rotation of the hammer assembly when the specimefxis not present.

nall be 76 mm wide, 50 mm deep and 94 mm long (qveérall dimensions) and shall be manufag
m alloy (AlCu4SiMg), solution treated and precipitation treated condition. It shall have a
chamfered at (60 + 1)° to the long axis of the head. The tubular steel shaft shall have an oy
D5 + 0,1) mm with walls (1,6 £ 0,1) mm thick.

the assembly, the two axes being mutually perpendicular. The central boss shall be 102 n
neter and 200 mm long and shall be mounted coaxially on the fixed steel pivot shaft, wh
y 25 mm in diameter; however,the precise diameter of the shaft will depend on the bearings

long. These arms shall be’screwed into the boss so that a length of 150 mm protrudes. A
nce weight shall be mounted on the arms so that its position can be adjusted to balance the

en.

blow shall be delivered to the specimen at an impact energy level of (1,9 + 0,1) J by(a hammer

gular
bll be
b that
ch as

tured
blane
tside

nall be mounted on the shaft so that its long axis is at the radial distance of 305 mm from th¢ axis

hm in
ch is
ised.

opposite the hammer shaft\are two steel counter-balanced arms, each 20 mm in external diameter

steel
mass

and arms. On the-end of the central boss shall be mounted a 12 mm wide and 150 mm diameter

aluminium aljoy pulley and found this an inextensible cable is wound, one end being fixed to the pulley} The
other end of fhe cable shall’'support the operating weight.
The rigid frame shall ‘also support the mounting board on which the specimen is mounted by its normal fixings.

The mountin

strike the spTcimen when the hammer is moving horizontally, as shown in Figure C.1.

hj board-shall be adjustable vertically so that the upper half of the impact face of the hammer will

To operate the apparatus, the position of the specimen and the mounting board shall be first adjusted as shown
in Figure C.1 and the mounting board shall then be secured rigidly to the frame. The hammer assembly shall
then be balanced carefully by adjustment of the counter balance weight with the operating weight removed.
The hammer arm shall then be drawn back to the horizontal position ready for release and the operating weight
reinstated. On release of the assembly, the operating weight will spin the hammer and arm through an angle of
3n/2 radians to strike the specimen. The mass of the operating weight to produce the required impact energy
of 1,9 J equals (0,388/3nr) kg where ris the effective radius of the pulley in metres. This equals approximately
0,55 kg for a pulley radius of 75 mm.

As a hammer velocity at impact of (1,5 = 0,125) m/s is specified, the mass of the hammer head will need to be
reduced by drilling the back face sufficiently to obtain this velocity. It is estimated that a head of mass of about
0,79 kg will be required to obtain the specified velocity, but this will have to be determined by trial and error.
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The sample shall be inspected for external mechanical damage and shall be subjected to a function test in
accordance with C.16.

Dimensions in millimetres

76 1 9L
|
9 200
(¥a)
o~
. Y -
o~ R
2 J 4 IR I —
s f——
8 |
o H
2 o |
< 2 !
!
50
Key
1 mounting board 5 2707 angle of movement 9 boss
2 specimen 6 eerd 10 counter balance arms
3  siriker 7( operating weight 11 ball bearings
4 siriker shaft 8 * counter balance weight 12 pulley
NOTH The sizes given to the dimensions are for guidance only.
Figure C.1 — Impact test apparatus
C.13 “Drop test

C.13.1 Impact surface

The impact surface is a solid base with a reasonably smooth surface. An example of such a surface is as
follows:

— steel plate, with a minimum thickness of 75 mm and Brinell hardness of not less than 200 mm, solidly
supported by a concrete foundation having a minimum thickness of 600 mm.

The length and width of the surface should be not less than one and a half times the dimension of the unit
being tested.
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C.13.2 Procedure

The test unit without packaging is dropped from a height of 2 m as measured from the lowest point of the test
unit to the impact surface. A safe waiting period following impact prescribed by the test laboratory should be

observed, ev

en if no visible initiation or ignition occurs at impact.

C.13.3 Requirements

The sample shall be subjected to a function test in accordance with C.16.

C.14 Cas

C.14.1 Caping temperature test

The casing t
procedure.

C.14.2 Aerosol flow temperature test

The aerosol
temperatureq

C.15 Igni
The ignition

All samples
commercially
requirement,

The power 0
power outpu
operating ten

Ignitors alred

C.16 Fun

C.16.1 Digcharge time

Discharge tin

thermoc

t

jng-and-aerosol flow temperaturestes

bmperature test is an integral part of the function test. See C.16.3 for the casingtemperatur

flow temperature test is an integral part of the function test. See’C.16.2 for the aeroso
test procedure.

lion performance test
bf the generator shall be tested in accordance with theZmanufacturer’s specifications.

of the complete ignition devices shall operate as intended. If the ignition device
/military available component with reliability\test data, that data may be used to satisf
at the discretion of the listing organization:

Ltput of the ignition device shall be notjless than that specified by the manufacturer at min
sufficient to ignite the maximum designed mass of the aerosol-forming compound at the I
hperature specified by the manufacturer.

dy certified by authority forlignition reliability will be not re-tested.

ction test

he shall be measured by using one or more of the following techniques:

puples recording temperature changes at the start and end of the discharge;

b test

flow

is a
this

mum
west

infrared

visual;

audible.

NOTE
as taken durin

C.16.2 Ae

Aerosol flow

42

f0e0 TETOTTITTY;

generator combustion pressure;

g performance testing and as defined by the manufacturer.

rosol flow temperatures

temperatures shall be measured by thermocouples.
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The reference points identified as the start and the end of the aerosol generator discharge should be the same

served


https://standardsiso.com/api/?name=24befc8ab19956aa82109015160b9398

ISO 15779:2011(E)

The following thermocouples arrangement shall be used for measuring temperatures at the specified minimum
distances for 75 °C, 200 °C and 400 °C:

Any

authg

C.16.3 Casing temperature test

The

casing.

C.16.4 Effective mass of extinguishant

The

be recorded and is called effective mass of aerosal.

C.16.5 Test procedure
Condition a fully assembled condensed-generator for 16 h at ambient temperature of (21 + 4) °C.

Disch

C.16(6 Requirements

Full function requirements apply to the discharge of a condensed aerosol generator prior to cond
the performance testing.

The

three cross-shaped poles are used as a support for the thermocouples and installed at the specified

minimum clearances;

the centre of each cross should be in line with a centre of a condensed aerosol generator’s discharge

outlet with the ends of the cross being within the cone-shaped discharge path;

crosses may be rotated against each other (i.e. X, Y, Z axis) to minimize the impact of the aerosol flow on

the temperature readings;

ve thermocouples may be used — one at the centre of the cross, and four at its ends;
e three highest readings out of five shall be taken for recording.

easuring technique other than those described above which is acceptable to afvd-approve
rity may be used for measuring discharge time, temperatures and enclosure pressure.

following thermocouples arrangement may be used for measuring thetemperature of the outd

Three thermocouples should be attached to the outer casing‘ef the aerosol generator in the |
the highest expected temperature.

mass of aerosol generator shall be measured before and after the discharge. The difference

arge the generator in a test-enclosure.

¢onditions-are described in Table C.3.

Table C.3 — Test conditions for function test C.16

d by a listing

r generator’s

bcations with

bf mass shall

ucting any of

——Parameter————————————Subelatse Rectirement Tolerance
Visual examination — During discharge: no flame coming out —
from discharge outlet
Discharge time C.16.1 As specified by manufacturer +5s
Temperatures at the specified minimum C.16.2 As specified by manufacturer +10 %
clearances for 75 °C, 200 °C and 400 °C
Temperature of the outer casing C.16.3 — +10 %
Mass of aerosol compound discharged C.16.4 — +5 %
© 1SO 2011 — Al rights reserved 43


https://standardsiso.com/api/?name=24befc8ab19956aa82109015160b9398

ISO 15779:2011(E)

C.17 Fire

exposure test

NOTE This test relates to the requirements of 6.3.10.

C.17.1 Object of the test

The object of the fire exposure test is to demonstrate the safe operation of the condensed aerosol generator
during and/or after its exposure to an external fire simulating a realistic accident.

C.17.2 Test procedure

Each sampld
generator is

For each tes
or after fire 4
environment

C.17.3 Refuirements

a) Operate

b) Have a discharge time within 20 % or within £5 s of the average discharge time determined at (21 +

in the fu

c) Have arf
(21+£4)

The discharg

shall be weighed and installed in a mounting bracket such that the bottom most portien
centred (915 + 15) mm above the bottom of the pan specified in D 6.2.2.2.

, at least 2,5 cm of heptane is to be placed in the pan, ignited and burnt for at léast 60 s. D
xposure, each aerosol generator sample shall be discharged as described in-C.16.5, exce
bl condition need not to be maintained at (21 £ 4) °C.

as intended.

hction test in C.16.1.

agent discharge quantity at list 90 % of the average agent discharge quantity determin
C in the discharge test in C.16.5.

e time shall be in accordance with the function-requirements as specified in the function teg

of the

uring
bt the

4) °C

ed at

44
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Annex D
(normative)

Extinguishing application density/Coverage test procedure

D.1 General

The tlests shall be carried out in accordance with Table D.1.

Table D.1 — Tests

Test objective Enclosure size Test fires Tests in
accordance with

Aerdsol generator distribution verification To suit aerosol

generator unit size

Min.[height/max. protected volume and distance heptane test pans D.51

Max| height/max. protected volume and heptane test pans D.5.2
distgnce
Extinguishing factor >100 m3 (a) wood crib D.6.1

No side less than-4 m, | (b) n-heptane pan D.6.2

height: not less than (c) polymeric sheet | D.6.3
3,5m
(i) PMMA
(i) Polypropylene
(iii) ABS
(d) Class A D.6.4

compatible wood
crib test

Hold|time >100 m3 n-heptane pan D.7

No side less than 4 m,
height: not less than
3,5m

D.2 | Principle

D.2.1 _An‘aerosol generating system shall mix and distribute its extinguishant and shall totally flood the
enclgstre when tested in accordance with this test method under the maximum design Iimitatijns and most
severe installation instructions (see also D.2.2).

D.2.2 When tested as described in D.5.1, D.5.2 and D.6.2, an extinguishing system unit shall extinguish all
visible flaming within 30 s of the end of extinguishant discharge. When tested as described in D.6.1 and D.6.4,
an extinguishing system unit shall extinguish all visible flaming and prevent re-ignition of the fires after a 10 min
soaking period (also measured from the end of extinguishant discharge). When tested as described in D.6.3, an
extinguishing system unit shall “knock down” the flames within 60 s of the end of extinguishant discharge (that
means there are only flames allowed at the top edges of the two inner sheets) and extinguish all visible flaming
within 3 min of the end of extinguishant discharge and also prevent re-ignition of the fires after a 10 min soaking
period (also measured from the end of extinguishant discharge).

Measures shall be taken to avoid effects of blowing out the fire leading to positive results of the extinguishing
test.
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As an alternative to direct measurement of the aerosol density, the method using test cans can be used.

In addition to the main test object, eight test cans filled with n-heptane shall be positioned in the upper and
lower corners of the test room.

The test cans shall have the following dimensions:
— inner diameter of 80 mm to 82 mm,
— wall thickness of 5 mm to 6 mm,

— height of 100 mm to 110 mm.

They shall b¢ filled with heptane up to a height of 50 mm to 55 mm.

The bottom ¢f the cans is to be positioned 400 mm to 500 mm below the ceiling for the four upper test pans,
400 mm to 500 mm above the bottom for the lower test cans. The distance from the walls shall)be 50 mm to
55 mm to eagh of the two nearest side walls.

the test room, a rectangular form around each test can. The baffles are positioneddn a horizontal distarjce of
150 mm to 165 mm from the cans and they are tightly connected with the walls. The height of the baffles is
200 mm to 2P5 mm with their bottom line going 0 mm to 5 mm lower than the, béttom of the test cans.

The test canp shall be protected from direct jet by baffles. The vertical baffles form, tegether with the wiills of

The construgtion of test cans and baffles shall not be closed on top or bottom side.

D.2.3 The tests described herein consider the intended use and limitations of the extinguishing system] unit,
with specific feference to:

a) the covdrage for each aerosol generator unit size;

b) the maxjmum and minimum height of the protected-enclosure for each aerosol generator unit size;
c) location|of aerosol generators in the protected-area;

d) maximupn pressure built up during discharge;

e) maximum discharge time;

f)  extinguighing application density. for specific fuels;

g) the max|mum leakage area‘to’volume ratio that ensures compliance with the hold time requirementg.

D.2.4 The folerance applicable to dimensions specified in the description of test facilities shall be +5 %,|if not
otherwise stgted.

D.3 Extihguishing system

D.3.1 For the extinguishing tests described in D.6.1, D.6.2, D.6.3, and D.6.4, jet energy from the discharge
outlets shall not influence the development of the fire. Therefore, the discharge outlets shall be directed away
from the fires.

D.3.2 Adequate pressure relief vents in the form of closeable flaps shall be provided during all tests.
Calculations for the minimum vent area as well as location of the vents shall be in accordance with manufacturer’s
specifications.

D.4 Extinguishing application density

The extinguishing application density for each test is to be 76,9 % (see 5.2) of the intended end use design
application density specified in the manufacturer’s design and installation instructions at the ambient temperature
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of (20 + 5) °C within the enclosure. In the tests described in D.5.1 and D.5.2, the same extinguishing application
density shall be used as in the tests described in D.6.2. The application density for the test described in D.7 is
to be the intended end use design application density specified in the manufacturer’s design and installation
instructions at the ambient temperature of (20 + 5) °C within the enclosure.

In the tests according to D.6.1, D.6.2, D.6.3 and D.6.4, it is necessary to ensure that the main test object has
been extinguished by the agent density and that the agent is distributed homogenously. The homogenous
distribution shall be verified by measurements.

As an alternative to direct measurement of the aerosol density, the method using test cans as described in
D.6.2 can be used.

If test cans are used for verification of the homogenous distribution (see D.6.2) in the tests accorfing to D.6.1,
D.6.2, D.6.3 and D.6.4, the same aerosol extinguishing density and the same type, size-and placement of
genefators shall be used (in order to transfer the verified homogenous distribution from the-hepfane pan test
to the others).

The exact volume shall match the intended application quantity of the extinguishing units used for the test
descfibed in D.7.

D.5| Aerosol generator distribution verification tests

D.5.1 Minimum height/maximum coverage test
D.5.1.1 Test facility

D.5.1.1.1 Construction
The test enclosure shall meet the following requirements.

a) The area (a x b) and height (H) of the ehclosure (see Figure D.1) shall correspond to the maximum area
¢overage and minimum height specified by the manufacturer for a specific aerosol generator unit size.

b) Test room volume shall be determined from the result of the heptane fire test (see D.6.2):

M 3
Niost =—— (M DA
test 0,769 'Rmax ( ) ( )

Wwhere

M is the generator’s effective mass of extinguishant in grams;

Rmax is‘the’design application density, in grams per cubic metre.

c) Area sides a and b shall be calculated to fulfill the following requirements:
axp = Vtest (D.2)
H

The distance ¢ (see Figures D.1 and D.2) shall be equal to maximum coverage distance (Rmax) specified
by the manufacturer.
d) Means of pressure relief shall be provided.

e) Closeable openings shall be provided directly above the test pans to allow for venting prior to system
actuation.
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Key

axb

A WODN

48

One baffle is to be installed between the floor and ceiling with the height of the room. It is to be installed
halfway between the discharge outlet location and the walls of the enclosure (see Figure D.1 for centre
mounting generator and Figure D.2 for side mounting generator). The baffle is to be perpendicular to the
direction between the discharge outlet location and walls of the enclosure (see Figures D.1 and D.2), and
be 20 % of the length of the short wall of the enclosure.

maxin

testp

ANS

generfator

baffle
vents

Figure

/1
faf 0
- 3 0,25a X 0,543
SN
/4 3 2
O O
d

num generator area coverage for a single generator

D.1 — Example configuration for generator minimum height/maximum coverage test

for centre mounting generator
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/1
0 o)
2
- g_ 0,53
/4 3 v
o) o)
a

Key

ax b | maximum generator area coverage for a single generator
1 test pans

2 generator

3 baffle

4 vents

Figure D.2 — Example configuration for generator minimum height/maximum coverdge test
for'side mounting generator

D.5.1.1.2 Instrumentation

Sampling and storage of.data from the sensors described below shall occur at a rate of at least 4 Hz.

D.5.1.1.3 Oxygen‘concentrations

The pxygen_level shall be measured by a calibrated oxygen analyser capable of measuring thg¢ percentage
oxygen to within at least one decimal place (0,1 %). The sensing equipment shall be capable of|continuously
moniforing and recording the oxygen level inside the enclosure throughout the duration of the test. The accuracy
of thd mnnmlring devices shall not be influenced hy any of the fire prndur‘fz

At least three sensors shall be located within the enclosure (Figures D.3 and D.4). The three sensors shall be
located in a horizontal distance from the centre of the room 850 mm to 1 250 mm and in the following heights:
0,1 x H, 0,5 x Hand 0,9 x H (H = height of the enclosure) above the floor.

D.5.1.1.4 Discharge pressure

The pressure built up in the test enclosure during system discharge shall be measured and recorded.

D.5.1.1.5 Enclosure temperature

At least the temperature in a horizontal distance from the centre of the room of 850 mm to 1 250 mm and
0,5 x H (H = room height) above the floor shall be recorded (Figures D.3 and D.4).
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The use of K

type thermocouples (Ni-CrNi), diameter 1 mm, is recommended.

D.5.1.1.6 Aerosol temperature and discharge times

A thermocouple shall be placed just outside the discharge outlet of the aerosol generator to record aerosol
temperature at the outlet as well as commencement and end of the aerosol discharge. Additional thermocouples
may be placed at the minimum thermal clearance from the discharge outlet as specified by the manufacturer

for each unit

The use of K

size of the aerosol generators.

type thermocouples (Ni-CrNi), diameter 1 mm, is recommended.

D.5.1.1.7

Cameras, e.g. infrared cameras, or an alternative means of directly viewing the fire, can be provided as &

to determinin

A thermocou

- 1 250 =
[ 850 05a

ame out times

g flame out times.

ple can be located centrally 30 mm above each fire pot to provide additional information.

Dimensions in millin

0,56

| | —'f A

n aid

hetres

Figure D.3 — Plan view of instrumentation placement for generator minimum height/maximum area

50

coverage and maximum height/maximum area coverage test
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Dimensions in millimetres

A-A
®
M1
®
= M2 T
(@A)
ik
Ry
L
ks
®
z M3
=
a
Key
M1 At measuring point 1, record the Oz concepntration.
M2 At measuring point 2, record the O caficentration and temperature.
M3 At measuring point 3, record the Oy concentration.
Figuyre D.4 — Side view of instrumentation placement for generator minimum height/maximum area

coverage and maximum height/maximum area coverage test

D.5.1.2 Fuel specification

D.5.1.2.1, {Fest pans

The ns ar lindrical + 5) mm in diameter an | 100 mm high m
steel with a thickness of 5 mm to 6 mm.

D.5.1.2.2 n-Heptane
The heptane used shall have the following characteristics.
a) Distillation
1) Initial boiling point: 90 °C minimum.
2) Dry point: 100 °C maximum.
b) Density (at 15,6 °C): (700 + 50) kg/m3.

© 1SO 2011 — All rights reserved
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D.5.1.2.3 Fire configuration and placement

The test cans may contain either n-heptane or n-heptane and water. If they are to contain n-heptane and water,
the n-heptane is to be at least 50 mm deep. The level of n-heptane in the cans shall be at least 50 mm below
the top of the can.

The test cans are to be placed within 50 mm of the corners of the test enclosure and directly behind the baffle
(see Figures D.1 and D.2), and located vertically within 300 mm of the top or bottom of the enclosure, or both
top and bottom if the enclosure permits such placement.

D.5.1.3 Test procedure

D.5.1.31 (@

eneral

Prior to commencing the tests, the composition of the extinguishing aerosol shall be analysed.

D.5132 (¢

The heptane]
in the open g

After 30 s all
actuation ofﬂ
the normal a
than 1,5 vol9
measured in
three sensor

D.5.1.33 R
After the req
a) thedisc

b) the timeg

observa

D.5.1.4 De

Using the ex
within 30 s a

D.5.2 Ma

peration

Hfilled test pans are to be ignited and allowed to burn for 30 s with the closeable openings §

osition.

openings are to be closed and the extinguishing system is to bemanually actuated. At the ti
he system, the amount of oxygen within the enclosure shall pot be more than 0,5 vol% lowe
mospheric oxygen concentration. During the test, the oxygen eoncentration shall not change

b due to fire products. This change shall be determined-by comparing the oxygen concent

bove

me of
than
more
ation

the cold discharge test with the measured oxygen concentration in this test (averaged ovgr the

5).

esults recording

Lired pre-burn period, record the following-data for each test:

harge time of extinguishant, in seconds;

required to achieve extinguishment, in seconds. This time shall be determined by
ion, thermocouple reading$ or other suitable means.

ermination of distribution performance of the generator

inguishing facterfoer n-heptane determined according to D.5.2, all test cans shall be extingu
fter the end of agent discharge.

ximum‘height test

isual

shed

D.5.2.1 Tesrt facility

D.5.2.1.1
The test encl

a)

Construction

osure shall meet the following requirements:

The area (¢ x b) and height (H) of the enclosure (see Figure D.1) shall correspond to the maximum area

coverage and maximum height specified by the manufacturer for a specific aerosol generator’s unit size.

b)

Viest = ———
test = 0,769 -¢

where

52

Test room volume shall be determined from the result of heptane fire test (see D.6.2):

M (m?)

(D.3)

© 1SO 2011 — All rights reserved


https://standardsiso.com/api/?name=24befc8ab19956aa82109015160b9398

c)
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f)
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M is the generator’s effective mass of extinguishant in grams;
¢ is the design factor, in grams per cubic metre.

Area sides a and b shall be calculated to fulfill the following requirements:

v
axh= test

The distance Rmax (see Figures D.1 and D.2) shall be equal to maximum coverage distance specified by

the manufacturer and shall be the same as specified for minimum height.

Means of pressure relief shall be provided.

Closeable openings shall be provided directly above the test pans to allow for venting pr
actuation.

(One baffle is to be installed between the floor and the ceiling with the height of the:room. Itis t
halfway between the nozzle location and the walls of the enclosure (see Figure D.1 for cer
generator and Figure D.2 for side mounting generator). The baffle is to be'perpendicular to th
mozzle discharge and be 20 % of the length of the short wall of the enclosure.

D.5.2.1.2 Instrumentation

Instrymentation of the enclosure is as described in D.5.1.1.2.

D.5.2.2 Fuel specification

D.5.2.2.1 Test cans

Spedfication of test cans is as described in D.51.2.1.

D.5.4.2.2 Heptane

The grade of heptane is specified inD.5.1.2.2.

D.5.2.2.3 Fire construction‘and placement

The fest can filling requirements and placement within the enclosure are as described in D.5.1.2.1.

D.5.2.3 Test procedure

D.5.2.3.1 General

Prior|te.commencing tests, the composition of the extinguishing aerosol shall be analysed.

or to system

b be installed
tre mounting
e direction of

D.5.2.3.2 Operation

The heptane-filled test pans are to be ignited and allowed to burn for 30 s with the closeable openings above
in the open position.

After 30 s, all openings are to be closed and the extinguishing system is to be manually actuated. At the time of
actuation of the system, the amount of oxygen within the enclosure shall not be more than 0,5 vol% lower than
the normal atmospheric oxygen concentration. During the test, the oxygen concentration shall not change more
than 1,5 vol% due to fire products. This change shall be determined by comparing the oxygen concentration
measured in the cold discharge test with the measured oxygen concentration in this test (averaged over the
three sensors).
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D.5.2.3.3 Results recording

Results are to be recorded as specified in D.5.1.3.3.

D.5.2.4 Determination of distribution performance of the generator

Using the extinguishing factor for heptane, determined according to D.6.2, all test pans shall be extinguished
within 30 s after the end of agent discharge.

D.6 Extinguishing application density tests

D.6.1 Waqod crib test
D.6.1.1 Test facility
D.6.1.1.1 (Qonstruction

The test enc

the test
dimensi

a)

b) a means

c) the temy

enough
D.6.1.1.2
Sampling an

D.6.1.13 (

The oxygen
oxygen to wi

osure shall meet the following requirements:

enclosure shall have a minimum volume of 100 m3. The height shéll be at least 3,5 m. The
bns shall be at least 4 m wide by 4 m long;

of pressure relief shall be provided;

erature in the test enclosure shall be (20 + 5) °C at the beginning of each test and there sh
lime between the tests so that the enclosure can adapt to this temperature.

Instrumentation

H storage of data from the sensors described below shall occur at a rate of at least 4 Hz.

Xygen concentrations

evel shall be measured by atcalibrated oxygen analyser capable of measuring the perce
thin at least one decimal place (0,1 %). The sensing equipment shall be capable of continu

monitoring and recording the oxygen-level inside the enclosure throughout the duration of the test. The acc

of the measu

At least thred
at the equivg
other two se
and D.6.

D.6.1.14 D

ring devices shall not.be influenced by any of the fire products.

sensors shall be lecated within the enclosure (Figures D.5 and D.6). One sensor shall be lo
lent height of{the"top of the test object from the floor, 0,6 m to 1 m away from the test object
hsors shall.be located at 0,1 x H and 0,9 x H (with H = height of the enclosure) See Figure

ischarge pressure

floor

all be

htage
pusly
Liracy

cated
. The
s D.5

The pressure built up in the test enclosure during system discharge shall be measured and recorded.

D.6.1.1.5 Enclosure temperature

Temperature sensors shall be located centred 100 mm above the test object and 0,9 x H (H = room height),
and a third sensor at the equivalent height of the top of the test object from the floor, horizontally 0,6 mto 1 m

away from th

The use of K

54

e test object (see Figures D.5 and D.6).

type thermocouples (Ni-CrNi), diameter 1 mm, is recommended.
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D.6.1.1.6 Aerosol temperature and discharge times

A thermocouple shall be placed just outside the discharge outlet of the aerosol generator to record aerosol
temperature at the outlet as well as commencement and end of aerosol discharge. Additional thermocouples
may be placed at the minimum thermal clearance from the discharge outlet as specified by the manufacturer
for each unit size of the aerosol generators.

The use of K type thermocouples (Ni-CrNi), diameter 1 mm, is recommended.

D.6.1.1.7 Flame out times

- ; v : ~ v ; iled as an aid
to defermining flame out times. Thermocouples may be located 30 mm above and inside the wood crib in order
to aid in determining flame out time (see Figures D.5 and D.6).

Camg e-g—infrared-eameras—oranaterrativerean of-direethy-viewirg-the-fireean-beprov

Dimensions in millimetres

0,56

1000

A —T._ 600 054 _’f A

b > & 000

a >4 000

Key
1 measuring point
2 test object

Figure D.5 — Plan view of instrumentation placement for the extinguishing factor test
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Dimensions in millimetres

A-A
® S
M1 M4
(=)
o
(Fp)
mMm
g A
=) By
M5
.M2 %
o P
=
+ - 8 ——.
= 0 ES M3
=
a >_ 4 000
Key

M1 At measufing point 1, record the Oz concentration.

M2 At measufing point 2, record the Oz concentration.and temperature.

M3 At measufing point 3, record the O2 concentration,
M4 At measufing point 4, record the temperature.
MS At measufing point 5, record the temperature.

Figure 0.6 — Side view of instrumentation placement for the extinguishing concentration test

D.6.1.2 Fuel specification

D.6.1.2.1 Qribsighiter fuel

Ignition of theTrib IS achieved by burning 1,5 I of heptane (specified in D.5.1.2.2Z)on a 12,5 I layer of water in a
square steel pan 0,25 m2 in area, 100 mm in height and with a wall thickness of 6 mm (see Figure D.7).

56
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Dimensions in millimetres
500

100

500

Figure' D7 — Pan geometry for wood crib and n-heptane pan fire test

D.6.1.2.2 FEire‘configuration and placement

The Wood-crib shall consist of four layers of six, approximately 40 mm x 40 mm by (450 + 50) mm long, kiln
sprude-or fir lumber ha\/ing a-moisture content between 9 % and 13 % Place the alternate lavers of wood
members at right angles to one another. Evenly space the individual wood members in each layer forming a
square determined by the specified length of the wood members. Staple or nail together the wood members
forming the outside edges of the crib.

The crib shall be pre-burned outside the enclosure on a stand supporting the crib 300 mm above the pan
holding the igniter fuel (specified in D.6.1.3.2).

After the pre-burn period, the crib shall be moved into the enclosure and be located on a stand supporting the
crib centrally within the enclosure with the base of the crib 600 mm above the floor (specified in D.6.1.3.2).
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D.6.1.3 Test procedure

D.6.1.31 G

eneral

Prior to commencing tests the composition of the extinguishing aerosol shall be analysed. Record the mass

and the mois

ture of the crib prior to the test.

D.6.1.3.2 Operation

Centre the crib with the bottom of the crib approximately 300 mm above the top of the pan on a test stand
constructed so as to allow for the bottom of the crib to be exposed to the atmosphere. The pre-burning shall
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The maximum wind speed in the proximity of the fire shall be 3 m/s. If necessary, adequate
against wind, etc., shall be used. Record the weather conditions including location of pre-
re, humidity and wind speed.

heptane and allow the crib to burn freely. The 1,5 | of n-heptane will provide a burn tin
y 3 min. After the n-heptane is exhausted, the crib shall be allowed to burn-freely for an addi

resulting in a total pre-burn time of 6*8'1 min outside the test enclosure.

he end of the pre-burn period, move the crib into the test enclosure and place it on a stand
bm of the crib is 600 mm above the floor. Seal the enclosufe and actuate the system. Theg
bsition the burning crib in the enclosure and the actuation af.the system discharge shall not e

n shall not change by more than 1,5 vol% due-to fire products. This change shall be deterr
j the oxygen concentration measured in the cold discharge test with the oxygen concent
this fire test (averaged values).

of system discharge, the enclosure is to remain sealed for a total of 10 min. After the soak p
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amend' the aerosol extinguishing factor and repeat the experimental programme until
successful extinguishments are achieved.
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D.6.1.3.3 Results recording

After the required pre-burn period, record the following data for each test:

a)

b)

the discharge time of extinguishant, in seconds;

observation, thermocouples readings or other suitable means;

recordin

58

the soaking time (time from the end of system discharge until the opening of the test enclosure);

g the temperature profile of the wood crib, using the infrared camera, is recommended.
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the time required to achieve extinguishment, in seconds. This time shall be determined by visual

served


https://standardsiso.com/api/?name=24befc8ab19956aa82109015160b9398

	Foreword
	Introduction
	1	Scope
	2	Normative references
	3	Terms and definitions
	4	Use and limitations
	4.1	General
	4.2	Aerosol agent description
	4.3	Application
	4.4	Limitation of use
	4.5	Electrostatic discharge
	4.6	Potentially explosive atmosphere
	4.7	Temperature limitations
	4.8	Compatibility with other extinguishants
	4.9	Environmental
	5	Safety
	5.1	General
	5.2	Toxicity
	5.3	Reduced visibility
	5.4	Turbulence
	5.5	Thermal hazards
	5.6	Safety precautions
	5.7	Electrical hazards
	5.8	Electrical earthing
	5.9	Electrostatic discharge
	6	Extinguishant
	6.1	General
	6.2	Design application density requirements
	6.3	Aerosol generator performance requirements
	6.4	Marking
	7	Specifications, plans and approvals
	7.1	Specifications
	7.2	Enclosure
	7.3	Total flooding quantity
	7.4	Design application density adjustment
	7.5	Unit size and quantity of aerosol generators
	7.6	Operating conditions
	7.7	Duration of protection
	7.8	System discharge
	7.9	Detection, actuation and control systems
	8	Commissioning and acceptance
	8.1	General
	8.2	Tests
	9	Inspection, maintenance, testing and training
	9.1	General
	9.2	Inspection
	9.3	Maintenance
	9.4	Training
	Annex A
(normative)

Documentation requirements
	Annex B
(informative)

Toxicity and visibility testing
	Annex C
(normative)

Test methods
	Annex D
(normative)

Extinguishing application density/Coverage test procedure
	Bibliography

