INTERNATIONAL ISO
STANDARD 6183

Third edition
2022-03

Fire protection equipment>— Carbon
dioxide extinguishing systems for use
on premises — Designand installation

Equipement de protection contte I'incendie — Installatidns fixes
d'extinction par dioxyde de carbone utilisées dans les batiments —
Conception et installation

Reference number
1SO 6183:2022(E)

© IS0 2022


https://standardsiso.com/api/?name=4c96db1e4e0a4dba16185636d79dc781

ISO 6183:2022(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2022

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting on
the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address below
or ISO’s member body in the country of the requester.

ISO copyright office

CP 401  Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org

Published in Switzerland

ii © 1S0 2022 - All rights reserved


https://standardsiso.com/api/?name=4c96db1e4e0a4dba16185636d79dc781

ISO 6183:2022(E)

Contents Page
FOT@WOIM..........oooooooeeeeeeee ootk \%
IIETOAUCTION .......oooooo e85 88855 8 585 s vi
1 SCOPI@ ... 1
2 Normative references

3 Terms and definitions

4 Use and limitations

T GENETAL e
4.2 Uses for carbon dioxide systems
4.3 Limitations for carbon dioXide SYStEMS ... £ e
4.4 Temperature lHMitations. ... e
T 1 SO s
5.1 Hazard to personnel ..
5.2 Safety precautions. ... oo
5.2.1 Normally occupied and normally unoccupied areas
5.2.2 Warning notices for occupiable areas...........o. (e
5.2.3 Warning notices for unoccupiable areas..
5.3 Electrical hazards ... o ot
5.4 Electrical @arthing ... S
5.5 Electrostatic diSCharge ... A0
SYSTEIM A@SIGIN.......ooo e et e 11
6.1  General

6.1.1  INErOAUCTION oo 8 e

6.1.2  SPECIHFICATIONS ..o
6.1.3 Working documents.
6.2 Carbon dioXide SUPPLY ..o fgbo i
6.2, 1 QUALTEY g e
6.2.2  QUANtILY oot
6.2.3 Container arrangement
6.2.4  Storage€0ntainers..........
6.3 Distribution. = .
6.3.1 General...
6.3.2  PAPITIG e
6.3.3 U FITEINES s
6.3.4¢~ Pipe and valve support
635 ValVeS.. s
6:3.6 Nozzles....
6.4 Enclosures (total flooding)...
6.4.1 Structural strength ...
642 Loss througir oOpermings
6.4.3  Ventilation SYSTOIMIS. ...
6.5 Detection, actuation and control systems
6.5 1 GEINETAL .o
6.5.2 Shut-down of plant and @qQUIPIMENT............coi e 20

6.5.3 Automatic detection
6.5.4 Operating devices

6.5.5  CONTIOL @QUIPITIEIIT ...ooieieeiieiieieieie e

6.5.6 Audible alarms and visual iINAIiCATOTS ... 23
6.6  Local control (LC) and local control stations (LCS) ... 24
Carbon dioxide flow and concentration calculations ... 24
71 (T3 0 T=) o= U
7.2 System flow calculations..

20 I € 1< s =) o= ) OO

© 1S0 2022 - All rights reserved iii


https://standardsiso.com/api/?name=4c96db1e4e0a4dba16185636d79dc781

ISO 6183:2022(E)

7.2.2  Friction losses....
7.2.3  Pressure drop........
7.2.4 Valves and fittings
7.2.5  As-installed calCULatiONS ...

7.2.6  SPECIHIC T@QUITEIMEIIES ..o
7.3 Carbon dioxide concentration requirements..

7.3.1  Flame eXtingUiSHMENT. ...t

7.3.2 TIETTIIIZ ot
7.4 Total flooding quantity

741  General......

742 DESIZN QUANTITY oo

743 Rp fattoT

7.5 Design of local application systems
78 T8 S 1§ V) | OSSP S RS
7.5.2  Carbon dioXide reqUIr€mMEeNts ... oo
7.5.3 Rate by areamethod.......cccocccce.
7.5.4 Rate by volume method.........cccoovi
7.6 Duration of protection — total flooding systems.......
7.7 System Performance ...
7.7.1  Discharge time ...
7.7.2  Extended diSCharge ... g
8 Comipissioning and acCePLaANCE.............cicisrsieeesees oM et | 35
8.1 7= 4T 7Y S N

8.2 TestsS .
8.2.1 General
8.2.2 Enclosure check

8.2.3 Review of mechanical COMPONENES. 5 oo
8.2.4 Review of enclosure integrity......5\»

8.2.5 Review of electrical COMPONENES. ...
8.2.6  Preliminary functional teSES .. e
8.2.7 System functional operational test.........ccee

8.2.8 Remote monitoring operdtions (if applicable)......

8.2.9 Control panel primaxy power SOUrce...................
8.2.10 Completion of functional tests.........
8.3 Completion certificaté and dOCUMENTAtION ...
9 Inspgction, maintenange;testing and training.......... o 40
9.1 T2 =) o e
9.2 T S P O OMY Ly
9.2.1 Gerneral...
9.2.2 ontainer
0.2, 3 iHOS . ReRe
9.2.47~ Enclosures
9.3 Maintenance
931 GCllCl d‘l .....................................................................................................................................................................................
9.3.2  User's programme Of iNSPECEION ... 41
9.3.3 Service schedule
9.4 T AIIUITI e
Annex A (normative) WOrKing dOCUIMIEIIES ... oo 42
Annex B (normative) Carbon dioxide system pipe and orifice size determination..................ccc...... 49
Annex C (informative) System performance verification ... 57
Annex D (informative) General information on carbon dioXide................ccccoins 58
Annex E (informative) Examples of calculations.................cccssssssessssssssssssssssssssssssssssssssees 63
BIDLHOZIAPIY ... 68

iv © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=4c96db1e4e0a4dba16185636d79dc781

ISO 6183:2022(E)

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.

oo-o_-

intenance are

=eded for the

different types of ISO documents should be noted. This document was drafted in aceordgnce with the

Attenltion is drawn to the possibility that some of the elements of this document'may be the subject of

rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of

any pptent rights identified during the development of the document will be'in the Introdyction and/or

on the ISO list of patent declarations received (see www.iso.org/patents}:

Any tfade name used in this document is information given for the convenience of users
constjtute an endorsement.

and does not

expregssions related to conformity assessment, as wellvas information about ISO's gdherence to

the
iso.org/iso/foreword.html.

firefi

hting, Subcommittee SC 8, Gaseous medidand firefighting systems using gas.

For explanation of the voluntary nature of standards)the meaning of ISO specific terms and
v%:orld Trade Organization (WTO) principles im~the Technical Barriers to Tradg (TBT), see

This third edition cancels and replaces.the'second edition (ISO 6183:2009), which has been technically

revis¢d. It also incorporates the Amendment(s) ISO 6183:2009/Amd. 1:2017 and ISO 618
2:201

ain changes are as follows:
— gpidance on containerstorage has been updated;
— alerts when remeying actuators have been added;
— alcommissioning check list has been included in Annex A;

— pilctorialkexamples have been added to Annex C.

Thlsjocument was prepared by Technical Conmimittee ISO/TC 21, Equipment for fire pitotection and

3:2009/Amd.

Any feedback or questions on this document should be directed to the user’s national standards body. A

£2 1i o £l Lads Laf A ot 3 L L. Li 1
compretestigortnese oGt s Can ot ot at WW WSO Or g/ e e STt
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Introduction

This document is intended for use by those concerned with purchasing, designing, installing, testing,
inspecting, approving, operating and maintaining carbon dioxide (CO,) extinguishing systems.

This document applies only to carbon dioxide fixed fire-extinguishing systems in buildings and other
premises on land. Although the general principles can apply to other uses (e.g. maritime use), for
these other uses, it is likely that additional considerations will have to be taken into account and the
application of the requirements given in this document is therefore unlikely to be fully satisfactory.
General lnformatlon about carbon dioxide as an extlngulshlng medlum is glven in Annex D. This can be

useful backg

It has been
entrusted tg

assumed in the preparation of this document that the execution of its provisiofs,W

those persons appropriately qualified and experienced in the specification, d

rill be
esign,

installation, testing, approval, inspection, operation and maintenance of systems and ‘@quipmeint, for

whose guida
unnecessary
dioxide duri
linked to the|

Carbon dioxide has for many years been a recognized effective medium for the extinction of flami

liquid fires 4
the planning
this media is
requiring sp

The use of ¢
appropriate

ce it has been prepared, and who can be expected to exercise a duty of\catre to avo
release of carbon dioxide. New requirements to minimize the need(to release c
hg testing and commissioning procedures are included in this third edition. Theg
inclusion of enclosure integrity testing.

s well as fires in the presence of electrical and ordinary Glass A hazards. Neverthelg
of comprehensive schemes, it should be remembered that there can be hazards for
not suitable, and that in certain circumstances or situations there can be dangers in i
pcial precautions.

arbon dioxide is no longer recommended for total flooding of occupied areas if
extinguishing agents are available. 1SQ”,14520 provides requirements for

extinguishin

It is importapt that the fire protection of a buildiag or plant be considered as a whole. Carbon d

systems for

their adoptign necessarily removes the need teconsider supplementary measures, such as the pro

of portable f
special hazai

Advice on th
or the exting
health and s
the other nat

It is essentid

agents that can be more appropriately used in these areas.

only a part, albeit an important.part, of the available facilities. It cannot be assume

re extinguishers or other mdhile appliances for first aid or emergency use, or to dea
ds.

ese matters can be obtained from the appropriate manufacturer of the carbon d
ruishing system. Information can also be sought from the appropriate fire authorit
fety authoritiesi-and insurers. In addition, reference needs to be made, as appropri:
ional standardsand statutory regulations of a given country.

| that fivefighting equipment be carefully maintained to ensure instant readiness

required. Ro
of the syste
the risk of ¢

Inspection, p

Ltine mainhtenance is liable to be overlooked or given insufficient attention by the ¢
. It 1s,"however, neglected at the peril of the lives of occupants of the premises 4
ippling financial loss. The importance of maintenance cannot be too highly empha

id the
hrbon
e are

mable
PSS, in
Wwhich

ks use

more
other

oxide
d that
yision

with

oxide
y, the
ite, to

when
wner
nd at
sized.

shing

system continues to provide adequate protection for the risk (protected zones as well as state-of-the-
art can change over time).

Vi
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Fire protection equipment — Carbon dioxide extinguishing
systems for use on premises — Design and installation

1 Scope

This document specifies requirements and gives recommendations for the design, installation, testing,

maintenance—and c:\{:nfy of fixed carbon dioxide FiroFithng cycfnmc in hni]dingc’ p]n

strucfures. It is not applicable to extinguishing systems on ships, in aircraft, on vehicles
fire appliances, or to below-ground systems in the mining industry; nor does it apply toca
pre-iferting systems.

Design of systems where unclosable opening(s) exceed a specified area and where the open
subjeft to the effect of wind is not specified, although general guidance on thé-procedure t
in sudh cases is given (see 7.4.3.2).

2 Normative references

The fpllowing documents are referred to in the text in such“a way that some or all of
constjtutes requirements of this document. For dated referénces, only the edition cited
undafed references, the latest edition of the referenced document (including any amendmé

ISO 7R40-2, Fire detection and alarm systems — Part:2: Fire detection control and indicating
ISO 7R40-23, Fire detection and alarm systems —<\Part 23: Visual alarm devices

ISO 7y31, Ergonomics — Danger signals for public and work areas — Auditory danger signals
[SO 8R01, Alarm systems — Audible enfergency evacuation signal — Requirements

ISO 1#520-1:—1), Gaseous fire-extinguishing systems — Physical properties and system des]
Genenal requirements

ISO 16003, Components fdr fire-extinguishing systems using gas — Requirements and tes
Contaliner valve assemblies) and their actuators; selector valves and their actuators; nozzles
rigid ¢onnectors; and-chieck valves and non-return valves
3 Terms and definitions

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

ISO RS a nlal rad ot 4 s 1 P | £ 3 4 J i 4 PN | £11 s
alrarccranrcatireet HINUIUG Yy UdldUdsSTS 1TUT UST T StallUdl UIZ4atIUIl dU LT TUTTUWITT g d

3.1

nts or other
or on mobile
rbon dioxide

ing(s) can be
b be followed

their content
applies. For
ents) applies.

equipment

gn — Part 1:

I methods —
; flexible and

ISO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

approved
acceptable to a relevant authority (3.2)

dresses:

Note 1 to entry: In determining the acceptability of installations or procedures, equipment or materials, the
authority can base acceptance on compliance with the appropriate standards.

1) Under preparation. Stage at the time of publication: ISO/DIS 14520-1:2022.

© IS0 2022 - All rights reserved
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3.2
authority

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

3.3

automatic/manual switch
means of converting the system from automatic to manual actuation

Note 1 to entry: This can be in the form of a manual switch on the control panel or other units, or a personnel
door interlock. In all cases, this changes the actuation mode of the system from automatic and manual to manual
only or vice versa.

3.4
clearance
air gap betw|
components

3.5
deep-seated
fire involvin

Note 1 to entr
grain.

3.6
design conc
concentratio

3.7

engineered
system in w
which the si
requirement

3.8
extinguishil
minimum co
defined expe

3.9
fill density
mass of carb

3.10
design quan
mass of carb|
(3.11)

3.11
volume
protected sp

3.12

een equipment, including piping and nozzles and unenclosed or uninsulated live eled
at other than ground potential

fire
b solids subject to smouldering

y: Examples of a deep-seated fire include baled, stacked or piled materials such as paper, wo

pntration
h of carbon dioxide, including a safety factor (3.24)¢xequired for system design purpq

system
hich the supply of carbon dioxide is discharged through a system of pipes and nozz
ve of each section of pipe and nozzle orifice has been calculated in accordance wif
5 of this document

ng concentration
hcentration of carbon dioXide required to extinguish a fire involving a particular fuel
rimental conditions excluding any safety factor (3.24)

bn dioxide per unit volume (3.11) of container

tity
on-dioxide required to achieve the design concentration (3.6) within the protected v

trical

ol and

ses

les in

h the

Linder

plume

ace enclosed by the building elements

high-pressure storage

storage of ca

3.13
hold time

rbon dioxide in pressurized containers at ambient temperatures

period of time during which a concentration of carbon dioxide greater than the fire extinguishing
concentration (3.8) is maintained

Note 1 to entr

2

y: See 7.6.2.

© IS0 2022 - All rights re
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3.14
inspection
visual check to give reasonable assurance that the extinguishing system is fully charged and operable

Note 1 to entry: This is done by seeing that the system is in place, that it has not been activated or tampered with,
and that there is no obvious physical damage or condition to prevent operation.

3.15
liquid discharge time
time during which predominantly liquid carbon dioxide is present at the nozzle

3.16
lock‘-J[;ff device

manually operated shut-off valve installed in the discharge piping downstream of the calrbon dioxide
contafiners, or other type of device that mechanically prevents agent container actuation

Note 1 to entry: The actuation of this device provides an indication of system isolation.

Note 2 to entry: The intent is to prevent the discharge of carbon dioxide into the-hazard area when the lock-off
devicd is activated.

3.17
local japplication system
automatic or manual fire extinguishing system in which a fixedsupply of carbon dioxide is permanently
conngcted to fixed piping with nozzles arranged to discharge the carbon dioxide dire¢tly to a fire
occurfring in a defined area that has no enclosure surrounding it, or is only partially enclosed, and that
does pot produce an extinguishing concentration (3.8) throughout the entire volume (3.11) containing
the pyotected hazard

3.18
low-gressure storage
storage of carbon dioxide in pressurized contdiners at a controlled low temperature, normplly -18 °C to
-20 °¢C

Note 1 to entry: The pressure in this type of storage is approximately 21 bar?2).
3.19

maintenance
thoropgh check to verify that the extinguishing system will operate as intended

Note [l to entry: It in€ludes a thorough examination and any necessary repair or replacement of system
compg@nents.

3.20
maximum working pressure
equilibrium’pressure within a container at the maximum working temperature

Note Te-entme Har highaproseure starage L Lot the masdmum il dengiry L ) Lor o containerlin transit, the

o= =y P

equilibrium pressure can differ from that in storage within a building.

Note 2 to entry: For low-pressure storage (3.18), the pressure corresponding to the maximum controlled
temperature of =18 °C.

3.21 Terms related to occupied and unoccupiable areas

3.211
normally occupied area
area intended for occupancy

2) 1bar=0,1 MPa=105Pa; 1 MPa=1N/mm?2,

©1S0 2022 - All rights reserved 3
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3.21.2

normally unoccupied area
area not normally occupied by people, but which may be entered occasionally for brief periods

3.21.3

unoccupiable area
area which cannot be occupied by people due to dimensional or other physical constraints

EXAMPLE

3.22

Shallow voids and cabinets.

pre-engineered system

system consi
and nozzle a

Note 1 to entr]

3.23
pre-liquid v

sting of a supply of extinguishant of specified capacity coupled to pre-calculated pip¢
'Tangement up to maximum permitted limits

y: No deviation is permitted from the limits specified by the manufacturer or autherity’(3.2)

apour flow time

work

time from the opening of the container or selector valve (3.25) to the start of predominantly liquidl flow

at the most u

3.24

safety facto
multiplier of]
concentratio

3.25

selector val
valve installg
dioxide to th

Note 1 to enti
dioxide to any

3.26
surface fire
fire involvin

3.27

total floodi
system arra
concentratio

4 Use an

!

nfavourable nozzle

e

1 (3.6)

ye
bd in the discharge piping downstream of thé’storage containers, used to direct the c
b appropriate hazard

y: It is used where one or more storage-containers are arranged to selectively discharge ¢
of several separate hazards.

b combustible or flammable liquids, gases and solids not subject to smouldering

g system

1 (3.6)

d limitations

the carbon dioxide extinguishing concentration (3.8),used to determine minimum ¢esign

hrbon

arbon

ged to discharge carbon dioxide into an enclosed space to achieve the appropriate ¢esign

4.1 General

The design, installation, service and maintenance of carbon dioxide fire-extinguishing systems shall be
performed by those competent in fire extinguishing system technology. Maintenance and installation

shall only be

performed by qualified personnel and companies.

4.2 Uses for carbon dioxide systems

Carbon dioxide, local application, total flooding and manual hose reel fire-extinguishing systems are
useful within the limits of this document in extinguishing fires involving specific hazards or equipment.

NOTE

Some national regulations do not allow manual hose reel systems.

© IS0 2022 - All rights re

served
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The following are typical of such hazards, but the list is not exhaustive:

a)
b)

combustible or flammable liquid and gases;

electronic equipment;

)
d)

4.3

engines utilizing gasoline and other flammable liquid fuels;

ordinary combustibles such as paper, wood, and textiles.

Limitations for carbon dioxide systems

electrical hazards such as transformers, switches, circuit breakers, rotating equipment and

Carbd
a)

C

n dioxide cannot extinguish fires involving certain types of materials such as:

hemicals containing their own supply of oxygen, such as cellulose nitrate; or

b) metals and chemicals which react with carbon dioxide, e.g. alkali metalsand metal hy

While
does

in thi
succe

carbon dioxide does not extinguish certain fuels containing their.-own oxygen of c
hot react dangerously with these materials or increase their burning rate. Carbon di
s situation in a total flooding system, provides protection fof adjacent combustib]
ssfully used if the reactive metals or hydride are first coveréd by another material.

the latter condition are sodium stored or used under kerosene;cellulose nitrate in a soluti

thinn

4.4

All dg
inope

prope
the m
name|

5 §

5.1

er, and magnesium chips covered with heavy oil.

Temperature limitations

vices shall be designed for the service they*will encounter and shall not be read
rative or susceptible to accidental operation. Devices shall normally be designed

drides.

bmbustion, it
bxide, if used
es or can be
Examples of
on of lacquer

ily rendered
to function

rly from -20 °C to +50 °C, or marked té.indicate temperature limitations, or in accordance with

anufacturer's specifications, which shall be marked on the name-plate, or (wher
-plate) in the manufacturer's instruction manual.

afety

Hazard to personhnel

The
pers
pers

ischarge of carbon dioxide in fire-extinguishing concentration creates serious
nel, such ag’suffocation and reduced visibility during and after the discharge perio
nel creatéd-by the discharge of carbon dioxide shall be considered in the design of t

Carbagn dioxide gas is heavier than air and will collect in pits, wells, shaft bottoms or otl
areas} and can migrate into adjacent places outside the protected space. Consideration
given|ta_places to which the carbon dioxide can migrate or collect in the event of a disc

b there is no

hazards to
1. Hazards to
he system.

her low-lying
shall also be

harge from a

safety relief device of a storage container.

Conformance with this document does not affect the user's statutory responsibility to conform to the
appropriate safety regulations.

NOTE

The safety precautions required by this document do not address toxicological or physiological effects
associated with the products of combustion caused by fire.

© IS0 2022 - All rights reserved
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5.2 Safety precautions

5.2.1 Normally occupied and normally unoccupied areas

The use of carbon dioxide is not recommended for total flooding of normally occupied and normally
unoccupied areas as long as comparable alternative firefighting methods are available. However, where
carbon dioxide systems are used to protect these areas, they shall be provided with the following:

a) A non-electrical time delay device and an electrical and pneumatic pre-discharge alarm that is
distinct from all other alarm signals or other approved combination of devices providing equivalent

b)

d)

f)
g)

Where it is possible foer(carbon dioxide gas to collect in pits, wells, shaft bottoms or other lowtl
areas, consid

Instructions
maintenancd

level of s

afety and reliability.

The pre-
carbon d

NOTE 1

in Europd.

An autor
A lock-of

NOTE 2
protected
time.

NOTE 3

in Europg.

Emerger]
alarms 4
outside

Designat
inside, e

Appropr

Means fi
dioxide.
hazardo
than air.

ioxide powered alarms shall not result in the development of an unsafe atmosphere.

natic/manual switch, with associated status indication.

he protected area that operate until the:protected area has been declared safe.

yen when locked from the outside:

iate warning and instructionsigns (see 5.2.2).

Forced-draft ventilatioh will often be necessary. Care shall be taken to completely dis$i

eration-shall be given to adding an odoriferous substance to the carbon dioxide.

te, ‘and drills of, all personnel within or in the vicinity of protected areas, inc!E

discharge alarm shall be audible in all areas within the protected space and, whére|used,

National regulations can require the use of product standards, for example the,EN 12094 |series

f device supervised to indicate a system fault if the valve is moré than one eighth cloged.
The purpose of the lock-off device is to physically prevent disecharge of carbon dioxide irfto the
space, for example, during maintenance or if safe evacuation iS hot possible during the pre-warning

National regulations can require the use of product standards, for example the EN 12094 geries,

cy lighting and adequate direction signs-for exit routes: continuous visual and aydible
t entrances and designated exits inside the protected area and continuous visual ajarms

ed exit doors that are outward-'swinging, self-closing and able to be opened from the

r prompt natural orAforced-draft ventilation of such areas after any discharge of chrbon

pate

1s atmospheres,and not just move them to other locations, as carbon dioxide is h¢avier

ying

ding
sure

their correct actions when the system operates. Following discharge of the system, personnel should
not enter the enclosure until it has been declared as being safe to do so. Additional safety aspects such
as breathing apparatus should be considered.

The need to comply with national regulations or standards requiring other precautions shall be
considered.

5.2.2 Warning notices for occupiable areas

Notices shall be provided at the following locations:

a) atall entrances to the protected enclosure (see Figures 1 and 2);

b) ateach emergency manual release point (see Figure 3);

6
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c) ateach lock-off valve (see Figure 4).

For carbon dioxide systems protecting occupiable areas, appropriate warning and instruction
signs shall be provided adjacent to access points to the protected space or as specified by national
requirements. Examples of a typical notices are shown in Figures 1 - 5.

THIS AREA IS FITTED WITH A

CARBON DIOXIDE FIRE
EXTINGUISHING SYSTEM

EVACUATE AREA ON SOUNDING
OF ALARM

DO NOT'ENTER

AFTER EXTINGUISHING AGENT DISCHARGE UNTIL THE AREA HAS BEEN
THOROUGLY VENTILATED

Figure 1 — Typical instpuction notice to be displayed at each entry to the protect¢d area or
enclosure

© IS0 2022 - All rights reserved 7
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WARNING

LOCK OFF
CARBONDIOXIDEFIRE
EXTINGUISHING SYSTEM
BEFORE ENTERING

[Identify protected area]

Figure 2 — Typical lock-off warning system notice

CARBON DIOXIDE FIRE EXTINGUISHING
SYSTEM

MANUAL RELEASE FOR

[identify protected area]

WARNING

—ENSURE-AREA IS EVAGUATED BEFORE
OPERATING

Figure 3 — Typical instruction notice to be displayed at the manual release

8 © IS0 2022 - All rights reserved
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CARBON DIOXIDE FIRE
EXTINGUISHING SYSTEM
LOCK-OFF VALVE FOR

[identify protected area]

5.2.3

For carbon dioxide systems pretecting unoccupiable areas, appropriate warning ang

signs

requifements. An example of'a-typical notice is shown in Figure 5.

Additjonal notices maybeprovided at each emergency manual release point (see Figure 3).

WARNING

ENSURE AREA IS CLEAROF
PERSONNEL BEFORE OPENING
VALVE

[identify protected-area]

Figure 4 — Typical lock-off valve notice

Warning notices for unoccupiable areas

shall be provided adjacent to access points to the protected space or as specifieq

instruction
| by national

© IS0 2022 - All rights reserved
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WARNING

(identify protected area)

IS FITTED WITH A CARBON
DIOXIDE FIRE EXTINGUISHING

Figu

5.3 Electnjical hazards

Where expo
shall be pro
to be appro
notices shall

The system s

SYSTEM

ENSURE AREA IS THOROUGHLY
VENTILATED AFTER SYSTEM
DISCHARGE

‘e 5 — Typical warning notice to be displayed at access point to the protected
unoccupiable area

sed electrical conductors are present,*cléarances no smaller than those given in Table 1
ided, where practicable, between the'electrical conductors and all parts of the systern able

hed during maintenance. Where these clearance distances cannot be achieved, warning
be provided, and a safe system of maintenance work shall be adopted.

hould be arranged so thatall normal operations can be carried out safely by the operator.

10
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Table 1 — Safety clearances to enable operation, inspection, cleaning, repairs, painting
and normal maintenance work to be carried out

Minimum clearance from any point on or about the permanent equipment
. where a person may be required to stand?
Maximum rated To th ¢ tnot at earth
voltage To the nearest unscreened live 0 the nearest par nbo atearts
PR . potential of an insulator® supporting a
conductor in air (section clearance) .
live conductor (ground clearance)
kV m m
15 2,6 2,5
33 2,75
44 2,90
66 3,10
88 3,20
110 3,35
132 3,50
165 3,80
220 4,30
275 4,60
a2 Measured from position of the feet.
b The term insulator includes all forms of insulating supports,@uch as pedestal and suspension insulaftors, bushings,
cable $ealing ends and the insulating supports of certain types eficircuit breaker.

5.4 (Electrical earthing

Systems within electrical substations or switch rooms shall be efficiently bonded angl earthed to
prevent the metalwork becoming electrically charged or as specified by national requirements.

5.5 |Electrostatic discharge

CAUTION — Care shall be(taken when discharging carbon dioxide into potentially explosive
atmoppheres. Electrostatic-charging of conductors not bonded to earth can occur during the
discharge of carbon dioxide. These conductors can discharge to other objects with sufficient
energy to initiate an‘explosion.

The sfystem shall be"adequately bonded and earthed to minimize the risk of electrostatic|discharge or
as specified by hational requirements.

6 stem design

6.1 General

6.1.1 Introduction
This clause sets out the requirements for the design of the extinguishing system.

The need for ancillary systems and components to comply with national regulations or standards shall
be considered.

6.1.2 Specifications

Specifications for carbon dioxide fire-extinguishing systems shall be prepared under the supervision
of a person fully experienced in the design of such systems and, where appropriate, with the advice of

©1S0 2022 - All rights reserved 11
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the authority. The specifications shall include all pertinent items necessary for the proper design of the
system, such as:

a) the designation of the authority;

b) variances from the standard to be permitted by the authority;
c) design criteria;

d) system sequence of operations;

e) the type and extent of the acceptance testing to be performed after installation of the system; and

f) owner tiaining requirements.

6.1.3 Working documents

Layout and [system proposal documents shall be submitted for approval to the authority hefore
installation pr modification begins. The type of documentation required shall be as specified in
Annex A.

6.2 Carbon dioxide supply

6.2.1 Quality

The carbon dioxide shall comply with the requirements of Table.2.

Table 2 — Requirements for carbon dioxide properties

Property Requirements
Purity, % (volume fraction) min. 99,5
Water content, % (mass fraction)thax. 0,015
Oil content, ppm by mass, max. 5
Total sulfur compounds cofitent, expressed as sulfur, 5,0
ppm by mass, max.

NOTE 1 Carbon dioxide.obtained by converting dry ice to liquid will not usually
conform with these requirements unless it has been properly processed to remove
excess water and oil-

NOTE 2 ppnt= parts per million.

6.2.2 Quantity

6.2.2.1 Th¢ aimount of carbon dioxide in the system shall be at least sufficient for the largest pingle
hazard or group of hazards that are to be prnfprtpd against cimnlf:mpmlc]y

6.2.2.2 If several extinguishing zones are served by one carbon dioxide battery or one container
system, a selector valve shall be provided for each extinguishing zone. Selector valves for container
systems shall open automatically before or at the same time as the operation of the container valves.

NOTE National regulations can require the use of product standards, for example the EN 12094 series in
Europe.

6.2.2.3 The determined carbon dioxide quantity required shall be stored so as to be available at all
times and shall not be used for other purposes, including manual hose reels.

Where there is a loss of more than 10 % of the carbon dioxide in any container the container shall be
replaced or recharged.

12 © IS0 2022 - All rights reserved
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6.2.2.4 Additional quantities of carbon dioxide shall be stored in accordance with the following.

a)

b)

In th¢ case of local application systems, the design quantity of carbon dioxide shallybe
40 %lto determine nominal container storage capacity, since only the liquid portion'of the
effectfive.

6.2.2{5 In low-pressure systems, selector valves shall open automatically and close 4
Hischarge of the required quantity of carbon dioxide. Valves shall\be’equipped so thaft they can be
opengd manually

after

6.2.2{6 The reserve quantity shall be as many multiples of the'main supply as required.

6.2.2|7 The time needed to obtain carbon dioxide for replenishment to restore sys
operdting conditions shall be considered as a major fa¢tor in determining the reserve supy

6.2.2{8 Where uninterrupted protection is required, both the main and reserve suf
permpnently connected to the distribution piping and arranged for easy changeover.

6.2.3| Container arrangement

6.2.3]1 General requirements

Low-pressure systems

1) In order to equalize charge or drain tolerances and gas residues, the quantities of carbon
dioxide to be stored for low-pressure systems as determined for the largest extinguishing zone

shall be increased by at least 10 %.

2) If there is a possibility that liquid carbon dioxide might remain in the piping between storage
container and nozzle pipe system, the carbon dioxide store shall be increased by this remaining

quantity, in addition to the 10 % increase specified in item 1) above.

1gh-pressure systems

increased by
discharge is

utomatically

tems to the
ly needed.

ply shall be

a) Arrangements shall be made’for container and valve assemblies and accessories to be accessible for
imspection, testing and gther maintenance when required.

OTE1 Nationalrégulations can require the use of product standards, for example the EN 12094 series
i} Europe.

b) the systems

hiner and its

) ] ] ] Fably outside
the enclosure Contalners can be located w1th1n the enclosure only if sited so as to minimize the
risk of exposure to fire and explosion.

d) Storage containers shall not be located where they will be subjected to severe weather conditions
or to potential damage due to mechanical, chemical, or other causes. Where potentially damaging
exposure or unauthorized interference are likely, suitable enclosures or guards shall be provided.

NOTE 2  Direct or indirect sunlight has the potential to increase the container temperature above that of the

surrounding atmospheric temperature.

6.2.3.2 Conditions for the storage of pressurized containers

a) The temperature range shall not exceed the manufacturer's stated storage temperature range. If

not known, the storage temperate range shall be in the range of 0 °C to 50 °C.

© IS0 2022 - All rights reserved
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b)

that it provides shade to the entire surface of the container at all times of the day and year.

Containers shall not be placed in direct sunlight. If an outdoor sunshade is used, it shall be verified

Storage containers shall not be located where they will be subjected to severe weather conditions

or to potential damage due to mechanical, chemical or other causes. Where potentially damaging
exposure or unauthorized interference are likely, suitable enclosures or guards shall be provided.
Storage containers shall be sheltered from direct exposure to the weather.

NOTE
atmospheric t

6.2.3.3 Ar

emperature.

angement for hich-nressure containers
5 5P

Direct sunlight has the potential to increase the container temperature above that of the surrounding

When two o1
valves) shall
when any co

NOTE
Europe.

Na|

Containers c
a)
b) filled wi
<)

of the sa

intercha

' more containers are connected into the same manifold, automatic means (sueh as
be provided to prevent loss of carbon dioxide from the manifold, if the system isope
htainers are removed for maintenance.

fional regulations can require the use of product standards, for example the’EN 12094 se

pnnected to a common manifold in a system shall be:
me nominal form and capacity;
'h the same nominal mass of carbon dioxide; and

hgeable.

6.2.4 Storage containers

6.2.4.1 Ge

Containers s
be designed

6.2.4.2 M4

Each carbon
specifying th

Containers w

6.2.4.3 Hij

The content

neral

hall be designed to hold carbon dioxide. The need for containers used in these syste
hnd marked to meet the requiremeénts of relevant national standards shall be conside

rking

dioxide container (shall have a permanent nameplate or other permanent mg
e carbon dioxide, tare and gross mass.

rithout a dip tutbe shall be appropriately marked.

rh-pressure containers

bf the containers shall be monitored continuously. Any loss of more than 10 % of the c

dioxide in an

check
rated,

ries in

ms to
red.

rking

hrbon

container shall be automatically indicated.

NOTE
Europe.

Fill density shall be appropriate for the maximum ambient temperatures listed in Table 3.

National regulations can require the use of product standards, for example the EN 12094 series in

The need for the container and valve assembly to be fitted with a pressure relief device that conforms

with nationa

14

| regulations or standards shall be considered.
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Table 3 — Maximum storage temperature

Fill density Maximum ambient temper- | Maximum working pressure
ature for closed pipe sections
kg/1 °C bar
0,75 40 140
0,68 49 140
0,55 65 140

take special measures (e.g. insulation, addition of a permanent gas) in order to conform with the dis
times given in Table 6

NOTE 1 Ifitis likely that the ambient storage temperature will be below 0 °C, then it can be necessary to

charge

NOTE 2 1 bar = 0,1 MPa = 105 Pa; 1 MPa =1 N/mm?2.

4 Low-pressure containers
ressure containers requirements are as follows:

The container shall be designed to maintain carbon dioxide at a nominal temperaty
cprresponding to a pressure of 20,7 bar3). A monitored device shall be provided to
carbon dioxide content in the vessel and to give a warning when it is necessary to
vessel.

re of -18 °C,
indicate the
recharge the

12094 series

re of carbon

NOTE1 For this purpose, the vessel can be placed on ‘a\weighing machine or be equipped with an
apitomatic content indicator.

NOTE 2  National regulations can require the use of‘product standards, for example the EN

if) Europe.

Tihe container shall be fitted with a pressure gauge and a safety valve.

Aln automatic refrigerating system shall ensure that the temperature and pressu

dioxide are kept within the requiredlimits.

n low-pressure containers, an ever-pressure alarm shall be provided which will sd
the operation of the safety yalves.

e container shall have'sufficient insulation to limit the loss of carbon dioxide to n
145 % (at 3 t to 6 t charge), not more than 0,8 % (over 6 t to 10 t charge) and not moy
(over 10 t charge)din'24 h in the event of a failure of the refrigerating system at the high
ambient temperature.

ny loss of-more than 10 % of the carbon dioxide in any container shall be automatica

Epch lew-pressure container shall be equipped with a high/low pressure supervisory
alarm.at least 0,1 MPa (1 bar) below the vessel's design maximum allowable working

und prior to

bt more than
e than 0,5 %
est expected

ly indicated.

alarm set to
bressure and

nptiless than 1,724 MPa (17,24 bar).

Insulation materials shall be fitted with metal sheeting to avoid mechanical damage.

Care shall be taken during filling to ensure the correct mass of carbon dioxide is stored. The low-

pressure container manufacturer’s filling procedures should be observed.

6.2.4.5 Operating temperatures

Unless otherwise approved, in-service container operating temperatures shall not exceed 50 °C; nor
shall they be less than -20 °C. (see also 7.2.1.)

3)

1 bar = 0,1 MPa = 105 Pa; 1 MPa = 1 N/mmZ.

© IS0 2022 - All rights reserved
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External heating or cooling should be used to keep the temperature of the storage container within
the specified range unless the system is designed for proper operation with operating temperatures
outside this range.

6.3 Distribution
6.3.1 General

6.3.1.1 Pipework and fittings shall be non-combustible and shall be able to withstand the expected
pressures and temperatures without damage. The need for pipework and fittings to comply with
national regytatiors orstarmdards strattbecomsidered:

NOTE Th
resulting in c(

e attention of the designer is drawn to the potential of moisture condensing in the systefmpipgwork,

rrosion.
The materigls of construction of all components shall be mutually compatible as“well as [being
compatible with all fixings and the extinguishing agent used.

6.3.1.2 Beflore final assembly, pipework and fittings shall be visually inspected to ensure thg
clean and frg¢e of burrs and rust, and that no foreign matter is inside, and‘the full bore is clear.
assembly, th¢ system shall be thoroughly blown through with dry air or-ether compressed gas.

y are
After

A dirt trap cpnsisting of a tee with a capped nipple, at least 50 mmrlong, shall be installed at the ¢nd of
each nozzle pipe run. Drain traps protected against interference‘by unauthorized personnel shotild be
fitted at the Jowest points in the pipework system if there is any’possibility of a build-up of water.

6.3.1.3 Injs shall

be equipped
a)

b) means fq

ystems where valve arrangements introduce;sections of closed piping, such sections
with the following:
indicatidn of carbon dioxide trapped in piping

r safe manual venting (see 6.3.1(5);

automat

<)

6.3.1.4 Ov
maximum wi

6.3.1.5 Prg
injure or end

6.3.1.6 In
ventany con

c relief of over pressures, where required.

er-pressure relief deyices shall be designed to operate at a pressure not greater thg
brking pressure of thepipework.

ssure relief devices shall be fitted so that the discharge, in the event of operation, w

ystefrs'using pressure-operated container valves, automatic means shall be provic
ainer leakage that could build up pressure in the pilot system and cause unwanted op

anger personnel. The carbon dioxide shall be vented to atmosphere in a safe location}

n the

i1l not

led to
ening

bhotrvzalun Thamnane afnvnconivn gnntinag chall mat mvauant A apatian Af+h A AT N ,alve
Ie-varve— e meanS- o pressure-veRrtaR g Star ot preventoperaton-orttae-contatierVv .

of the contai

6.3.1.7 The manifolds to the container and valve assembly shall be hydrostatically tested by the
manufacturer to a minimum pressure of 1,5 times maximum working pressure for 2 min, or taking into
consideration national regulations or standards, where mandatory. The manifolds shall withstand the
hydrostatic pressure without leakage or rupture.

6.3.1.8 Adequate protection shall be given to pipes, fittings or support brackets and steelwork that
are likely to be affected by corrosion. Special corrosion-resistant materials or coatings shall be used in
highly corrosive atmospheres.
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6.3.2 Piping

6.3.2.1 Piping shall be of non-combustible material having physical and chemical characteristics
such that its integrity under stress can be predicted with reliability. The need for the thickness of the
pipe wall to be calculated in accordance with national regulations or standards shall be considered. If
higher operating temperatures are approved for a given system, the design pressure shall be adjusted
to the developed pressure at maximum temperature. In performing this calculation, all joint factors
and threading, grooving or welding allowances shall be taken into account. If selector valves are used,
this lower maximum working pressure shall not be used upstream of the selector valves.

6.3.2,.2 Castiron and non-metallic pipes shall not be used

6.3.2{3 Flexible tubing or hoses (including connections) shall be of approved niaterials and shall
be syitable for service at the anticipated carbon dioxide pressure and maximum apd minimum
temperatures.

6.3.2{4 Piping for low-pressure systems shall be capable of withstanding a test pressyire of 4 MPa
(40 bar).

6.3.2{5 Closed sections of high-pressure systems piping shall be capable of withstanding test
presspres of 21,0 MPa (210 bar). All other sections of pipework for high-pressure systems shall be
capaljle of withstanding a test pressure of 9,0 MPa (90 bar).

6.3.3| Fittings

6.3.3{1 Fittings shall have a minimum rated working pressure greater than or equal fo the piping
desigh pressure.

6.3.3]2 Castiron fittings, other than ductile or malleable cast iron, shall not be used.

NOTE In some countries it is not permitted to use any type of cast iron.
6.3.3{3 Welding and brazing aloys shall have a melting point above 500 °C.

6.3.3{4 The need for welding to be performed in accordance with national regulations pr standards
shall pe considered,

6.3.3|5 Where copper, stainless steel or other suitable tubing is joined with compression fittings, the
manuffacturer's’pressure/temperature ratings of the fitting shall not be exceeded, and tare shall be
taken| to engure the integrity of the assembly.

6.3.4 Pipe and valve support

Pipe and valve support shall be of non-combustible material, shall be suitable for the expected
temperature and shall be able to withstand the dynamic and static forces involved.

Due allowance shall be made for the stresses induced in the pipework by temperature variations.
Adequate environmental protection shall be given to supports and associated steelwork. The distance
between pipe supports shall be as specified in Table 4.

Adequate support shall be provided for nozzles and their reactive forces such that in no case shall the
distance from the last support be greater than the following:

a) <25 mm pipe, <100 mm;

b) > 25 mm pipe, < 250 mm.
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Movement of pipework caused by temperature fluctuations arising from the environment or the
discharge of carbon dioxide can be considerable, particularly over long lengths, and should be
considered in the support fixing methods.

Table 4 — Maximum pipework spans

6.3.5 Valv

6.3.5.1 All
materials tha
temperature

6.3.5.2 Valyes shall be protected against mechanical, chemical or other damage.

6.3.5.3 Cor

Nominal diameter of pipe | Maximum pipework span
DN m
6 0,5
10 1,0
20 1,8
25 2,1
32 2,4
40 2,7
50 34
65 3,5
80 3,7
100 4,3
125 4,8
150 5,2
200 58

194
72}

valves, gaskets, O-rings, sealants and otherivalve components shall be construct
it are compatible with carbon dioxide and.shall be suitable for the envisaged pressurg
S.

rosion-resistant materials @x\coatings shall be used in corrosive atmospheres.

ed of
sand

6.3.5.4 Valyves shall be of apprioved materials and shall be suitable for service at the anticipated

carbon dioxi

NOTE Na
in Europe.

6.3.6 Noz7

e pressure and maximum and minimum temperatures according to ISO 16003.

Fional regulatiohs)can require the use of other product standards, for example the EN 12094

les

6.3.6.1 Nogzle choice and location

6.3.6.1.1 Nozzles shall be located with the geometry of the enclosure taken into consideration.

series

NOTE National regulations can require the use of other product standards, for example the EN 12094 series

in Europe.

The type number and placement of nozzles shall be such that:

a) the design concentration is achieved in all parts of the enclosure, or as otherwise approved,

b) the discharge does not unduly splash flammable liquids or create dust clouds that can extend the
fire, create an explosion, or otherwise adversely affect the occupants, and

c) the velocity of discharge does not adversely affect the enclosure or its contents.

18
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6.3.6.1.2 Where clogging by foreign materials is possible, the discharge nozzles shall be provided
with frangible discs or blow-out caps. These devices shall provide an unobstructed opening upon
system operation and shall be designed and arranged so that they will not injure personnel.

6.3.6.1.3 Nozzles shall be suitable for the intended use and shall be approved for discharge
characteristics, including area coverage and height limitations.

For total flooding systems nozzles are typically located within 300 mm of the top of the room. For
rooms of a height from 5 m to 10 m, additional nozzles should be provided at a level of approximately
one-third of the room height.

For rgoms—exceeding-t8rrimheight,additiomatmozztesshoutdbetrstattedatatevelofgne-third and
two-thirds of the room height.

6.3.6]1.4 Nozzles shall be of adequate strength for use with the expected working pressures; they
shall [be able to resist nominal mechanical abuse and shall be constructed. to withstand expected
tempé¢ratures without deformation.

6.3.6{1.5 Nozzle discharge orifice inserts shall be of corrosion-resistant'material.

6.3.6|1.6 The cross-sections of the openings of the nozzles shall be calculated in accgrdance with
Annex B, or any other approved method, with a minimum pfessure at the entrance to the nozzles of
1,4 MPa (14 bar) for high pressure systems and 1 MPa (10 bat) for low-pressure systems.

6.3.6{1.7 Local application system nozzles shall be(designed and installed so as to direct carbon
dioxidle on o the object to be protected without dispérsing burning material and shall be c¢gnnected and
suppgrted so that they cannot readily be put out.df/adjustment.

6.3.6]2 Nozzles in ceiling tiles

In ordler to minimize the possibility of lifting or displacement of lightweight ceiling tiles| precautions
shall pe taken to securely anchor tiles for a minimum distance of 1,5 m from each discharge nozzle.

NOTE The discharge velocitiés ¢reated by the design of nozzles can be a factor in the displacement of ceiling
tiles.

6.3.6]3 Marking

Dischprge nozzlesshdll be permanently marked to identify the manufacturer and size of the orifice.

6.4 |Enclosures (total flooding)

6.4.1| “Structural strength

Automatic pressure relief shall be provided at the highest point of any room which is tightly closed,
and which would otherwise be subjected to a dangerous increase of pressure when carbon dioxide is
introduced.

The protected enclosure shall have sufficient structural strength and integrity to contain the carbon
dioxide discharge. Venting shall be provided to prevent excessive over-pressurization of the enclosure.
For very tight enclosures, the necessary area of free venting shall be calculated from Formula (1):

_239Q

=

)
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where

X isthe free venting area, in mm?;
Q isthe calculated carbon dioxide flow rate, in kg/min;
P is the allowable strength of enclosure, in kPa.

Pressure relief devices shall be open only in the case of overpressure in the enclosure. They shall close
automatically when the excess pressure has decreased.

6.4.2 Lossrthreugh-openings

6.4.2.1 To |prevent loss of carbon dioxide through openings to adjacent hazards orwork areas,
openings shgll be permanently sealed or equipped with automatic closures.

6.4.2.2 Openings are not permitted when a hold time is required, unless additionalcarbon dioyide is
applied to maintain the required concentration during the specified hold time period.

6.4.2.3 Fordeep-seated fires, un-closable openings shall be restricted to those bordering, or acfually
in, the ceiling

S

p

6.4.2.4 To |prevent fire from spreading through openings to adjacent hazards or work area$ that
can be possiple re-ignition sources, such openings shall be proyided with automatic closures oy local
application rfozzles. The quantity of carbon dioxide required:for such protection shall be in additjon to
the normal requirement for total flooding.

6.4.3 Ventilation systems

Forced-air ventilation systems shall be shut-down or closed automatically where their continued
operation uld adversely affect the perfornmance of the fire-extinguishing system or resplt in
propagation |of the fire. Ventilation systems necessary to ensure safety are not required to b¢ shut
down upon system activation. An exten@ed carbon dioxide discharge shall be provided to maintajin 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 deternjining
carbon dioxifle quantities.

6.5 Detection, actuation and control systems

6.5.1 Gene¢ral

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

The need for detection, actuation, alarm and control systems to be installed, tested and maintained in
accordance with national regulations and standards shall be considered.

Unless otherwise specified in mandatory national regulations or standards, 24 h minimum standby
sources of energy shall be used to provide for operation of the detection, signalling, control and
actuation requirements of the system.

6.5.2 Shut-down of plant and equipment
All services within the protected hazard (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 carbon dioxide.
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6.5.3 Automatic detection

Automatic detection shall be by any method or device acceptable to the authority 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.

Where the detection system is configured for dual detection (coincidence) operation for extinguishing
agent release, the dual detectors shall be located to provide not more than half the area coverage as
specified in the relevant part of the ISO 7240 series for that type of detector.

NOTE1 National regulations can require the use of other product standards, for example the EN 12094 series,
in Europe.
NOTE|2  Detectors installed at the maximum approved spacing for fire alarm use can resultineikcessive delay

in carpon dioxide release, especially where more than one detection device is required tg.be inf alarm before
automjatic actuation results. Additional consideration should be given to detector spacingfor arfeas with high
airfloy.

6.5.4| Operating devices

6.5.4/1 General

Unless otherwise specified by the authority having jurisdiction, operating devices shall cause the
simulfaneous opening of all the container valves connected to'a manifold for one extinguighing zone.

If several extinguishing zones are served by one carbon“dioxide battery or one contairjer system, a
selector valve shall be provided for each extinguishingzone.

Selector valves for container systems shall open~automatically before or at the same|time as the

operdtion of the container valves.

6.5.4

Autorpatic systems shall be controlled-by automatic fire detection and actuation system
the system and hazard and shall also be provided with a means of manual operation.

Autorhatic systems shall penform all functions necessary for the successful operation o
including time delay and ancillary functions (for example, equipment shut-down, dampet
fuel shut-off). All ancillafy)equipment shall incorporate manual reset facilities.

Wher electrically Qperated fire detection systems are used, these shall be approved.
powel supply shall be independent of the supply for the hazard area and shall include a
secondary power supply with automatic changeover in case the primary supply fails.

Wher
the system to operate only after signals from two detectors have been received.

2 Automatic operation

two ‘or more detectors are used, such as those for detecting smoke or flame, it is

b suitable for

F the system,
closure and

The electric
n emergency

referable for

6.5.4.3 Manual operation

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

In addition to any means of automatic operation, the system shall be provided with the following:

a)
b)

one or more means, remote from the containers, of manual operation; and

a manual device for providing direct mechanical actuation of the system and an electrical manual
release system in which the control equipment monitors for abnormal conditions in the power

supply and provides a signal when the power source is inadequate.
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Manual operation shall cause simultaneous operation of the appropriate automatically operated valves
for extinguishant release and distribution.

NOTE1 National standards cannot require a manual release or can require the release to operate via the pre-
discharge alarms and time delay.

The manual operation 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.

6.5.4.4 PilLt operation

Where gas p
supply and d
and the pilot

ressure from pilot containers is used as a means of releasing the remainingoontainer
ischarge rate shall be designed to release all of the remaining containerssimultane
gas supply shall be continuously monitored, and a fault alarm given in thejevent of pre

s, the
ously,
ssure

loss that woyld not permit release.

6.5.5 Confrol equipment

6.5.5.1 Elgctric control equipment

Electric cont
releasing ciy
wiring and,
the number ¢

rol equipment shall be used to supervise the detécting circuits, manual and autgmatic
cuits, signalling circuits, electrical actuating de¥ices, lock-off devices, and asso¢iated
vhen required, cause actuation. The control equipment shall be capable of operation} with
nd type of actuating devices utilized.
Control and i ecific
requirement

a)

Indicating equipment (c.i.e.) shall conform,with this document and with ISO 7240-2. Sg
5 include the following:

When thle extinguishing system is designéd-for the simultaneous protection of multiple enclo
the powe¢r supplies shall be calculated to satisfy the maximum simultaneous demand.

pures,

b) Avisualfindicator shall be provided to indicate discharge.

NOTE 1 e does

not satisf]

An indication that a signal has been sent to initiate the extinguishing agent discharge devic
y this requirement.

NOTE 2
series in

National regulations can require the use of other product standards, for example the EN [12094

Furope.
6.5.5.2

Electricalactuators

Removal of a htrols

shall result i

helectrical actuator from the agent storage container valve or selector valve that it co
Tan audible and visual alarm of system impail ment at the control panel.

6.5.5.3 Pneumatic control equipment

Where pneumatic control equipment is used, the lines shall be protected against crimping and
mechanical damage. Where installations could be exposed to conditions that could lead to loss of
integrity of the pneumatic lines, special precautions shall be taken to ensure that no loss of integrity
will occur.
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6.5.5.4 Mechanical cable release systems

Mechanical cables shall be run within protective tubes and the force required to operate shall not
exceed:

a) 180 N for hand operation;
b) 50 N for finger-pull operation; or
c) 10 N for finger-push operation.

NOTE National regulations can require the use of product standards, for example the EN 12094 series in
Euro

6.5.6] Audible alarms and visual indicators

6.5.6]1 Except for systems protecting unoccupiable areas, other than underfloor areas, audible
alarnys and visual fire alarm warning devices shall be provided.

6.5.6]2 Operation of the first detector in a system configured for coincidence detection operation shall
cause|a visual ‘FIRE ALARM’ indication to illuminate and the ‘ALERT)tone, as specified by ISO 7731 or
by national requirements, to sound immediately upon the receiptof a signal from the protected area.

6.5.6|3 Initiation of the extinguishing agent discharge by:
a) operation of any detector on single detection systents or as specified by national requlrements,

b) operation of a second detector on coincidence detection systems or as specified by national
Pquirements, or

—

c) manual initiation or as specified by national requirements. This shall cause the pre-distharge alarm
‘DO NOT ENTER’ and ‘EVACUATE AREA’ visual warning devices to illuminate and thg ‘EVACUATE’
tone to sound as specified by ISO8201 or by national requirements.

6.5.6|/4 Any condition that dnhibits the discharge of the extinguishing agent sha]l cause the
‘EXTINGUISHING SYSTEM INQPERATIVE’ visual warning device or indication to illyminate. The
conditions include, but areTpt limited to, the following or as specified by national requirements:

a) operation of an isolate/disable switch;
b) faultin the actrator circuit;
c) operationof a lock-off valve (where fitted);

d) operation of an automatic/manual switch (where fitted);

e) isolation or fault, in any part of the fire-detection system, that prevents the automatic or manual
release of extinguishing agent.

6.5.6.5 Visual warning devices, conforming with the relevant requirements of ISO 7240-23, or as
specified by national requirements, shall, on operation, display letters not less than 35 mm high, and be
provided as follows:

a) Incorporating the words ‘FIRE ALARM’ in red lettering on a black background and readily visible
to the occupants of the protected area.

b) Incorporating the words ‘DO NOT ENTER’ in red lettering on a black background located above
each access door to the spaces likely to be occasionally entered, and readily visible to persons
having access to the protected area.
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visible to the occupants of the protected area.

d)

Incorporating the words ‘EVACUATE AREA’ in red lettering on a black background and readily

Incorporating the words ‘EXTINGUISHING SYSTEM INOPERATIVE’ in yellow lettering on a black

background located at the principal entry, and readily visible to persons having access to the

protecte

d area. The device shall flash at a rate of not less than 1 Hz and not more than 3 Hz.

6.6 Local control (LC) and local control stations (LCS)

Where electrical control systems are utilized, local control (LC) shall be provided by a local control
station (LCS). The LCS shall incorporate a manual initiate switch, a manual release device, incorporating

two separatq

a)

initiates

. 1 c. c. : =1 1 . 11
dCLIUIIS O OLIICT S4ICly I€4LUulc tU 1C5LICL dLUIUCTILAT OpPCI dAL1UI1, WITIUIL.

and equipment shutdowns; and

b) overridg

NOTE Na
Europe.
Where the

initiate swit
occupants w

The LCS may
a) prevents
b) stopsan
c) causesil
d) causesa
e) causesil
f) does not

s the automatic/manual switch, if installed.

fional regulations can require the use of product standards, for example\the EN 12094 se

th this configuration and the loss of time to effect equipment shut downs.
incorporate an automatic/manual switch which:
automatic discharge of the extinguishing agent;

d resets the normal system actuation conttel’sequence;

lumination of a yellow or amber visibléiindication at the LCS and c.i.e;

h audible indication;

lumination of ‘SYSTEM ISOLATED’ sign where installed; and

override the operationofithe manual initiate switch. The operation of this switch sh

visibly ifdicated at the c.i.e.

Provision sh
outside the p

The LCS may
protected ar
operation of

b1l be made for mantal operation of the firefighting system by means of an LCS, sit
rotected space or-adjacent to the main exit from the space.

be incorporated within the c.i.e. where the c.i.e. is located either within or adjacent
ea. Access/to the LCS facilities shall not require the opening of any equipment doo
the LGS controls shall not require the use of any key.

azard can present a rapidly developing fire, applications can’require that the m
h overrides the time delay; however, designers shall takeqntoe account the possible 1

the normal system discharge sequence, including fire and evacuation alarms, time delays,

ries in

anual
isk to

all be

uated

to the
I, and

7 Carbon dioxide flow and concentration calculations

7.1 General

This clause sets out the requirements for the system flow calculations and carbon dioxide
concentrations.

24
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7.2.1
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System flow calculations

General

System flow calculations for high-pressure carbon dioxide are carried out at a nominal carbon dioxide
storage temperature of 21 °C and for low-pressure carbon dioxide at a nominal carbon dioxide storage
temperature of -18 °C (see also Annex B).

NOTE

7.2.2

Pre-engineered systems do not require a flow calculation when used within approved limitations.

Friction losses

Allow
conne

NOTE
of a nj

ctors, selector valves, time delay devices and other equipment within the flow:line.

ixture of liquid and vapour, the proportions of which are dependent on pressure and tem)

pressuyre drop is non-linear, with an increasing rate of pressure loss as the line pressure reduces by

7.2.3

The f
used

The f

Pressure drop

bllowing formula and the curves developed therefrom, or-ahy other approved met
[0 determine the pressure drop in the pipeline.

ow rate, Q, in kg/min, may be calculated using Formula (2):

b 0,8725x107° xD># xy

ance shall be made for the friction losses in pipes and in container valves, dip tlllbeS, flexible

The flow of a liquefied gas has been demonstrated to be a two-phase phenonienon, the fluid consisting

perature. The
F pipe friction.

hod, shall be

= (2)
L+(0,04319xD'* % Z)
wher¢
[ istheinside pipe diameter (actual), in mm;
L| isthe equivalent length ofipipeline, in m.
Y, Z dqre factors depending on storage and line pressure, and may be evaluated from Formulae (3)
and (4):
P
p1
p
Zl=— J' 4 P )
p p
Pi
where

p; s the storage pressure, in kPa (bar) (absolute);

p

is the pressure at the end of pipeline, in kPa (bar) (absolute);

p; isthe density at pressure p;, in kg/m3;

is the density at pressure p, in kg/m3;

is the integral used in differential equations, attached to the variable (p or p, respectively) to
denote ‘differential increments’ of these variables to which the interval of the integral is applied.

© IS0 2022 - All rights reserved
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In the design of piping systems, pressure drop values can be sections of closed piping; such sections can
be obtained from curves of pressure versus equivalent length for various flow rates and pipe sizes (see

Annex B).

7.2.4 Valves and fittings

Valves, fittings, and check valves shall be rated for resistance coefficient or equivalent length in terms
of pipe or tubing sizes with which they will be used. The equivalent length of the container valves shall
be listed and shall include a siphon tube (where fitted), valve, flexible connector, check valve and any

other device

in the flow path.

7.2.5 As-installed calculations

If the final in

and calculations shall be prepared.

7.2.6 Spec
a) Allowan

b) The min
to preve

NOTE If 4

lead to unpredictable flow characteristics.
7.3 Carbon dioxide concentration requirements

7.3.1 Flame extinguishment

The basic caj
as follows: K

For material
increased by

For Kj factol
design conce
C.6.2 multip
determine th

NOTE
sprinklers.

Ky

stallation varies from the prepared drawings and calculations, new as-installed.-dra

ific requirements

Ce shall be made for changes in elevation.

Nt separation.

urbulent flow is not maintained, separation of the liquid and\gaseous phases will occur, whi

=1, 1.e.34 %.

5 requiring a design concentration over 34 %, the basic quantity of carbon dioxide sh
multiplying this quantity(by the appropriate material factor given in Table 5.

ntration to a material factor, K. The extinguishing concentration from ISO 14520-
ied by a factor.of)1,3, or using a factor of 1,7 on the cup burner result shall be us
e design concentration.

is a factof that is commonly understood in the extinguishing industry. It is similar to K-fact

vings

mum discharge rate shall be sufficient to maintain the velocity required for turbulent flow

ch can

bon dioxide concentration factor is that corresponding to the material factor, K, calcylated

all be

's for hazards not listed in Table 5, Formulae (5) shall be used to convert the calculated

. —4),
ed to

rs for

(5)

where

C

Cs

is the design concentration (%) divided by 100;

is 0,34.

4) Under preparation. Stage at the time of publication: ISO/DIS 14520-1:2022.
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7.3.

ISO 61

2 Inerting

83:2022(E)

Inerting concentrations shall be used where conditions for subsequent reflash or explosion could exist.
These conditions exist when both:

a)

b)

The minimum design concentrations used to inert atmospheres involving combustible'4
liquids and gases shall be determined in accordance with ISO 14520-1:—, Annex Dyplus a
of 10 Po.

7.4

7.4.

The @mount of carbon dioxide required to achieve the design eencentration shall be cal
Formla (6) and from the data presented in Table 5.

NOTE In addition to these calculated concentration requiréments, additional quantities of carb
be required by national regulations or standards to compensate for any special conditions that w
affectfthe extinguishing efficiency.

7.4.2| Design quantity
The design quantity of carbon dioxide, M, in kg, shall be calculated from Formula (6):

wher¢

the quantity of fuel permitted in the enclosure is sufficient to develop a concentration
or equal to one-half of the lower flammable limit throughout the enclosure, and

greater than

the volatility of the fuel before the fire is sufficient to reach the lower flammable limit in
air (maximum ambient temperature or fuel temperature exceeds the closed cup flash point
temperature), or the system response is not rapid enough to detect and extinguish the fire before

the volatility of the fuel is increased to a dangerous level as a result of the fire.

Total flooding quantity

1| General

M=Kgx(0,24+0,7V)

A= AV +30 AOV , where:

4}, is the total su¥face area of all sides, and of the floor and ceiling (including the oper
the enclosyre’to be protected, in m?;

Ay is thedotal surface area of all openings which can be assumed will be open in the ¢
firgrin m?2 (see 7.4.3.2);

r flammable
safety factor

rulated from

pn dioxide can
uld adversely

(6)

jings, Agy) of

bvent of a

Vy is the volume of the enclosure to be protected, in m3;

V, is the additional volume removed during the hold time (see Table 5) by ventilation
which cannot be shut down, in m3 (see 7.4.3.1);

V isthe volume of the building structure which can be deducted, in m3;

systems

Kg is the factor for the material to be protected, which shall be > 1 (see 7.4.3 and Table 5);

0,2, in kg/m?2, comprises the portion of carbon dioxide that can escape;

0,7,in kg/m3, comprises the minimum quantity of carbon dioxide taken as a basis
mula.
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For calculation examples, see Annex E.

NOTE The two numbers 0,2 and 0,7 take into account the effect of room size, i.e. the ratio of the room volume

(Vy) to room surface area (Ay).

7.4.3 Kjgfactor

7.4.3.1 Ge

The material factor, K, shown in

Kp factors fo

neral

" hazards not listed Table 5 for fires involving gases and liquids shall be determined
the cup burnfer apparatus specified in [SO 14520-1:—, Annex B, or by another approved method.

Table 5 — Material factors, design concentrations and hold times

Table 5, shall be taken into account when designing for combustible
materials and particular risks that require a higher-than-normal concentration.

using

Design CO,

Combustiljle or flammable material Materila{lé factor concer;/f)ration Holr(rilitrime
involving gases and liquids?
Acetone 1 34 —
Acetylene 2,57 66 —
Aviation fuel grades 115/145 1,06 36 —
Benzol, benzgne 1,1 37 —
Butadiene 1,26 41 —
Butane 1 34 —
Butene-1 11 37 —
Carbon disuifide 3,03 72 —
Carbon monofide 2,43 64 —
Coal or naturpl gas 1,1 37 —
Cyclopropang 1,1 37 —
Diesel fuel 1 34 —
Dimethyl ether 1,22 40 —
Dowtherm 1,47 46 —
Ethane 1,22 40 —
Ethyl alcohol 1,34 43 —
Ethyl ether 1,47 46 —
Ethylene 1,6 49 —
Ethylene dichloride 1 34 —

627121,

a  Compilation of information from US Bureau of Mines, Limits of Flammability of Gases and Vapours, Bulletins 503 and

b Fires usually of an organic nature in which combustion normally takes place with the formation of glowing embers.
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Table 5 (continued)

Combustible or flammable material Materi;; factor cc?n‘i:sellﬁ/grgggn Holr(I:llit;me
Ethylene oxide 1,8 53 —
Gasoline 1 34 —
Hexane 1,03 35 —
N-heptane 1,03 35 —
Hydrogen 3,3 75 —
Hydregen sulfide 1,06 36 —
Isobuftane 1,06 36 —
Isobufylene 1 34 —
Isobultyl formate 1 34 —
Jp-4 1,06 36 —
Kerodene 1 34 —
Methane 1 34 —
Methyl acetate 1,03 35 —
Methyl alcohol 1,22 40 —
Methyl butane-1 1,06 36 —
Methyl ethyl ketone 1,22 40 —
Methyl formate 1,18 39 —
N-octne 1,03 35 —
Pentgne 1,03 35 —
Propgne 1,06 36 —
Propylene 1,06 36
Quengh, lube oils 1 34

Fires involving solid materialsP
Cellulosic material 2,25 62 20
Cotton 2 58 20
Papet, corrugated papér 2,25 62 20
Plastic material (granular) 2 58 20
Polysfyrene 1 34 —
Polyuréthane, cured only 1 34 —

Special application cases

627121,

a2  Compilation of information from US Bureau of Mines, Limits of Flammability of Gases and Vapours, Bulletins 503 and

b Fires usually of an organic nature in which combustion normally takes place with the formation of glowing embers.
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Table 5 (continued)

Combustible or flammable material Materi;é factor C(glisc:r??rggfm Hol;llit;me
Yo

Cable rooms and cable ducts 1,5 47 10
Data handling areas 2,25 62 20
Electrical computer installations 1,5 47 10
Electrical switch and distribution rooms 1,2 40 10
Generators, including cooling systems 2 58 Until stopped
0Oil filled trautformers 2 58 —
Output printing areas 2,25 62 20
Paint spray apd drying installations 1,2 40 —
Spinning madhines 2 58 —
Zzﬂg]ompilati n of information from US Bureau of Mines, Limits of Flammability of Gases and Vappurs, Bulletins 503 and
b Fires usually of an organic nature in which combustion normally takes place with the fermation of glowing embqrs.

7.4.3.2 Effiect of ventilation systems that cannot be shut down

To determing the quantity of carbon dioxide to be used, the volumeyof the room (Vy) shall be incrgased
by the volumje of air (V) charged into, or expelled from, the room,while the room is flooded with chrbon
dioxide and during the inhibition time as stated in Table 5.

7.4.3.3 Effect of openings (see 7.4.2)

The effect offall openings, including explosion vents‘in walls and ceilings that will not be shut dufing a
fire, are inclyded in Formula (6) by Agy.

The porosity of the enclosure materials, or leaks around doors, windows, shutters, etc., shall ot be
considered as openings, as they are already included in Formula (6).

When the rafio R = Agy/Ay > 0,03, the)system shall be designed as a local application system (seg¢ 7.5).
This does nof preclude the use of @ local application system when R is less than 0,03.

When R is gileater than 0,03.afid where the openings can be subjected to the effects of wind, appgroval
tests under gnticipated maximum adverse conditions shall be carried out.

7.4.3.4 Effect of enclosure temperature

For applicationS'\where the normal temperature of the enclosure is above 93 °C, a protected item
of equipmernt _eould be more susceptible to re-ignition. Therefore, additional carbon dioxide is
recommended, holding the extinguishing concentrations for a longer period of time and allowing the
extinguished material to cool down, thereby reducing the chance of re-ignition when the carbon dioxide
dissipates. The additional carbon dioxide requirements shall be 1,8 % for every 5 °C above 93 °C.

For applications where the normal temperature of the enclosure is below =18 °C, a 1,8 % increase in the
calculated total quantity of carbon dioxide shall be provided for every 1 °C below -18 °C.

7.4.3.5 Simultaneous flooding of interconnected volumes

In two or more interconnected volumes where “free flow” of carbon dioxide can take place, or where
the possibility exists of fire spreading from one area to the other, the carbon dioxide quantity shall
be the sum of the quantities calculated for each volume. If one volume requires greater than normal
concentration, the higher concentration shall be used in all interconnected volumes.
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7.5 Design of local application systems

7.5.1 General

Local application systems are suitable for the extinguishment of surface fires in flammable liquids,
gases and solids where the hazard is not enclosed or where the enclosure does not conform to the
requirements for total flooding.

7.5.2 Carbon dioxide requirements

The design quantity of carbon dioxide required for local application systems shall be based on the total
rate df discharge needed to blanket the area or volume protected and the time that the distharge needs
to be maintained to ensure complete extinguishment.

The ifcrease in container storage capacity, as required by 6.2.2.4, shall not applyn the cage of the total
flood]ng portion of combined local application/total flooding systems.

Wherje there are long pipelines or where the piping can be exposed to highersthan-normal t¢mperatures,
the design quantity shall be increased by an amount sufficient to compensate for liquid [vaporized in
cooling the piping.

See Formula (B.8) in Annex B.

7.5.3| Rate by area method

7.5.3/]1 General

The area method of system design is used whereithe fire hazard consists primarily of flqt surfaces or
low-lgvel objects associated with horizontal surfaces.

System design shall be based on approved-\data for individual nozzles. Extrapolation of sudh data above
or below the upper or lower limits shall\hot be valid.

For c3lculation examples, see Annex E.

7.5.3]2 Nozzle discharge rates

The design discharge rdte through individual nozzles shall be determined on the basis ¢f location or
proje¢tion distance in‘aecordance with specific approvals or listings.

The discharge ratefor overhead type nozzles shall be determined solely on the basis of diistance from
the syrface eachynozzle protects.

The dischavge rate for tank side nozzles shall be determined solely on the basis of throw pr projection
requifed,to cover the surface each nozzle protects.

7.5.3.3 Area per nozzle

The maximum area protected by each nozzle shall be determined on the basis of location or projection
distance and the design discharge rate shall be determined in an approved manner.

The same factors used to determine the design discharge rate shall be used to determine the maximum
area to be protected by each nozzle.

The area of the hazard protected by individual overhead type nozzles shall be considered as a square.

The area of the hazard protected by individual tank side or linear nozzles shall be either rectangular
or square in accordance with the manufacturer's spacing and discharge limitations. Hazards involving
deep layer flammable liquid fires shall have a minimum freeboard of 150 mm in order to prevent
splashing and to retain a surface concentration when carbon dioxide is applied.
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7.5.3.4 Location and number of nozzles

A sufficient number of nozzles shall be used to cover the entire hazard area adequately on the basis of

the unit areas protected by each nozzle.

Tank side or linear type nozzles shall be located in accordance with spacing and discharge rate

limitations.

Overhead type nozzles shall be installed perpendicular to the hazard and centred over the area
protected by the nozzle. Other nozzles shall be installed at angles between 45° and 90° from the plane of
the hazard surface. The height/distance used in determining the necessary flow rate and area coverage
shall be the distance from the aiming point on the protected surface to the face of the nozzle measured

along the axT of the nozzle.

When instal

ed at an angle, nozzles shall be aimed at a point measured from the near side ‘eof th¢ area

protected byf the nozzle, the location of which is calculated by multiplying the aiming factor giyen in

Table 6 by thie width of the area protected by the nozzle.

Nozzles shal| be located so as to be free of possible obstructions that could inteffere with the proper

projection of{the discharged carbon dioxide.

Table 6 — Aiming factors for angular placement of nozzles

Discharge angle 2

Aiming factor P

45° to 60° 1,4
60° to 75° 174 to 3/8
70° to 90° 3/8t01/2

90° (perpendicular)

1/2 (centre)

NOTE Values based ona 150 mm freeboard.

a2 Degrees from plane of hazard surface.

b Fractional amount of npzzle Coverage area.

o

See also Figure

32
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Dimensions

Key
1
X

NOTE
surfad
with 3

7.5.4

7.5.4

The

irregiilar objects that cannot be easily reduced to equivalent surface areas.

For e3

7.5.4
The t

150

600 600 300
1200

nozzle discharging at preselected rate and pressure
preselected height used to determine the flow rate required

The diagram shows nozzles discharging at 90°, with the aiming point at the centre of
e, and at 45°, with the aiming point at 0,25 of the width'of the protected surface, into a tray d
freeboard of 150 mm.

Figure.6.>— Nozzle locations

Rate by volume method
1 General
olume method of system design is used where the fire hazard consists of three
ramples of calculations, see Annex E.

2 Assumed enclosure

btal'discharge rate of the system shall be based on the volume of an assumed enclo

in millimetres

the protected
ontaining fuel

dimensional

sure entirely

SUurro

unding the hazard.

If ope

nings exist in the floor, provisions shall be made to account for these conditions.

The assumed walls and ceiling of this enclosure shall be at least 0,6 m from the main hazard, unless
actual walls are involved, and shall enclose all areas of possible leakage, splashing or spillage.

No de

ductions shall be made for any objects within this volume.

A minimum dimension of 1,2 m shall be used in calculating the volume of the assumed enclosure.

7.5.4.

3 System discharge rate

The total discharge rate for the basic system shall be not less than 16 kg/min/m3 of assumed volume,
unless the assumed enclosure has a closed floor and is partly defined by permanent continuous walls
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extending at least 0,6 m above the hazard (where the walls are not normally part of the hazard), in
which case the discharge rate may be proportionately reduced to not less than 4 kg/min/m3 for actual
walls completely surrounding the enclosure. See Figure 7.

Y

100 N

75

50

25 >

Key
X  dischargd rate, kg/min/m3
Y volume of enclosed perimeter, %

NOTE Rate by volume mathematical method, e.g. 50 % enclosed.

Figure 7 — Volume discharge rate

7.5.4.4 Logation and.number of nozzles

A sufficient qumber-of'hozzles shall be used to cover the entire hazard volume adequately on the|basis
of the system dischiarge rate as determined by the assumed volume.

Nozzles Shal bn ]nr‘ﬂfnd and dir‘nr‘fnd rn]afivn to nb}'nr‘fc inthe nnr‘]ncurn so-as-toretain the dicr‘]'\ rged
carbon dioxide in the hazard volume.

The design discharge rates through individual nozzles shall be determined on the basis of location or
projection distance in accordance with specific approvals for surface fires.

7.6 Duration of protection — total flooding systems

7.6.1 It is important that an effective carbon dioxide concentration be not only achieved but
maintained for a sufficient period of time to allow effective emergency action. This is equally important
in all classes of fire, since a persistent ignition source (e.g. arc, heat source, oxyacetylene torch, or “deep-
seated” fire) can lead to resurgence of the initial event once the carbon dioxide has dissipated.

34 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=4c96db1e4e0a4dba16185636d79dc781

ISO 6183:2022(E)

7.6.2 Itis essential to determine the likely period during which the extinguishing concentration will
be maintained within the protected enclosure. This is known as the hold time. The predicted hold time
shall be determined by the door fan test in accordance with ISO 14520-1, or a full discharge test based
on the following criteria:

a) at the start of the hold time, the concentration throughout the enclosure shall be the design
concentration;

b) at the end of the hold time, the carbon dioxide concentration shall not be less than 85 % of the
design concentration at not less than the height of the highest hazard in the protected enclosure;

c) the hold time shall not be less than specified in Table 5, unless otherwise accepted by the authority.

NOTE The temperature decrease during the flooding can lead to less CO, concentration than the design
concehtrations according to Table 5.

7.7 |System performance

7.7.1| Discharge time

For total flooding systems, the design quantity shall be discharged)in accordance with|the times in
Table| 7. For local application systems, the flow rate shall be maintained for the times i accordance
with Table 7.

Table 7 — Discharge times for surface fires

Carbon dioxide Carbon dioxide low-pressure installation
Svstem high-pressure L.
y installation liquid Pre-liquid vapour flow Liquid disdharge time
discharge time
Total[flooding max. 60-s max. 120 s (max. 60 s pre-liquid vapoui flow time)
Locallapplication min-30's max. 30 s min{30 s

For fires involving solid materials, for example those listed in Table 4 as requiring a hpld time, the
desigh quantity shall be discharged within 7 min, but the rate shall be not less than that[necessary to
develpp a concentration of 30 %1in 2 min.

7.7.2] Extended discharge

Wher] an extended“\discharge is necessary, the rate shall be sufficient to maintain|the desired
concegntration fotsthe required hold time in accordance with 7.6.2.

8 Clommissioning and acceptance

8.1 General

This clause sets out the minimum requirements for commissioning and accepting a carbon dioxide
extinguishing system.

8.2 Tests

8.2.1 General

The completed system shall be reviewed and tested by competent persons to meet the approval of
the authority. To determine that the system has been properly installed using equipment and devices
designed to meet national regulations or standards and that it will function as specified, the tests
specified in 8.2.2 to 8.2.9 shall be performed.
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8.2.2 Encl

osure check

Determine that the protected enclosure conforms to the plans.

8.2.3 Revi

ew of mechanical components

8.2.3.1 The piping distribution system shall be inspected to determine that it conforms to the design

and installat

ion documents.

8.2.3.2 Nozzles and pipe size shall be in accordance with system drawings. The means for pipe size

reduction and-attitudes of tees shall be checked for conformance tothe dncign

8.2.3.3 Piping joints, discharge nozzles and piping supports shall be securely fastened'to"pr
unacceptable vertical or lateral movement during discharge. Discharge nozzles shall he ihstal
such a manngr that piping cannot become detached during discharge.

8.2.3.4 During assembly, the piping distribution system shall be inspected jnternally to dete
possibility that any oil or particulate matter could soil the hazard area or, affect the carbon d

distribution

8.2.3.5 Thq

dispersal can be affected.

8.2.3.6

8.2.3.7 Thq
they will not
where perso
tops, or simil

8.2.3.8 All
“approved fo

8.2.39 All
manufacture

8.2.3.10 A d
test is to be

methods. Cofcentration measurements should be made at a minimum of three points, one at the h

hazard level.

Otherassess

If nozzle deflectors are installed, they shall be positioned to obtain the maximum benefj

Hue to a reduction in the effective nozzle orifice area.

e discharge nozzles shall be oriented in such a mannér‘that optimum carbon d

e discharge nozzles, piping and mounting brackets shall be installed in such a manne
potentially cause injury to personnel. Carbon dioxide shall not directly impinge on
hnel could be found in the normal work area, or on any loose objects or shelves, c{
ar surfaces where loose objects could be present and become projectiles.

carbon dioxide storage comtainers shall be properly located in accordance wi
Ir construction” set of systemdrawings.

containers and motinting brackets shall be securely fastened in accordance wit
r's requirements.

ischarge testfor extinguishants is generally not recommended. However, if a disc
ronducted; the mass of extinguishant shall be determined by weighing or other app

event
ed in

rt the
oxide

oxide

r that

areas
binet

th an

h the

harge
roved
ghest

hontmaethadcmavnarmalluhoucadtaraduconnnaecescarvdiccharaaintathe anuviran
.......................................................... ¥ oot 5 et oo S Sy Ot

ment,

for example the door fan pressurization test specified in ISO 14520-1. However, a discharge test may be

conducted if

acceptable to the authority.

8.2.3.11 An adequate quantity of carbon dioxide to produce the specified design concentration shall
be provided. The actual enclosure volumes shall be checked against those indicated on the system
drawings to ensure the proper quantity of carbon dioxide. Fan rundown and damper closure time shall
be taken into consideration.
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8.2.3.12 Unless the total piping contains not more than one change in direction fitting between the
storage container and the discharge nozzle, and unless all piping has been physically checked for

tightness, the following tests shall be carried out.

a)

All open-ended piping shall be pneumatically tested in a closed circuit for a period of 10 min at

3 bar. At the end of 10 min, the pressure drop shall not exceed 20 % of the test pressure.

b)

All closed-section pipework and pipework upstream of pressure-reducing devices shall be

hydrostatically tested to a minimum of 1,5 times the maximum working pressure for 2 min during
which there shall be no leakage.

NOTE

recom

WAR
area,
the p
shall

8.2.3

Where this test is not suitable for closed pipework connected to low pressure storage units, it is

mended that, where practicable, hydrostatic testing be carried out at the manufacturer's pr¢

NING — Pneumatic pressure testing creates a potential risk of injury te'pers
as aresult of airborne projectiles if rupture of the piping system occurs:Prior tg
neumatic pressure test, the protected area shall be evacuated and appropriatg
be provided for test personnel.

13 A flow test using nitrogen, or a suitable alternative, shall be performed on the pij

mises.

bnnel in the
conducting
safeguards

bing network

to vet]ify that flow is continuous and that the piping and nozzles are unobstructed.

8.2.4| Review of enclosure integrity

All tdtal flooding systems shall have the enclosure chegked to locate and then effectiy
significant openings that could result in a failure_of’the enclosure to hold the spe
concentration for the specified holding period (seécalso 7.4.2). Unless otherwise agr
specified in ISO 14520-1, shall be used.

rely seal any
rified design
bed, the test

Revie]
press

a)
b) the provision of any required additional pressure vents; and
c)
Furth

w the structural integrity of the enclosure and assess its ability to withstand the developed
ire fluctuations during system discharge taking into account:

the equivalent leakage area determined from the enclosure integrity test, where pernfitted;

the pressure relief vent operation.

er guidance on gasgous system venting can be found in ISO 21805:—5).

8.2.5| Review of-electrical components

iate national
mon conduit

8.2.5
stand
unles

1 All wiring systems shall be properly installed in compliance with the appropr
ard andthe system drawings. The A.C. and D.C. wiring shall not be combined in a con
5 properly shielded and earthed

8.2.5.2 All field circuitry shall be tested for ground fault and short circuit condition. When testing
field circuitry, all electronic 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 prevent the possibility of damage within these devices. Components shall be replaced after
testing the circuits.

8.2.5.3 Adequate and reliable primary and emergency secondary sources of power conforming
to 6.5.4.2 shall be used to provide for operation of the detection, signalling, control and actuation
requirements of the system.

5) Under preparation. Stage at the time of publication: ISO/FDIS 21805:2022.
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8.2.5.4 All auxiliary functions (alarm sounding or displaying devices, remote annunciators, air
handling shutdown, power shutdown, etc.) shall be checked for proper operation in accordance with
system requirements and design specifications.

Alarm devices shall be installed so that they are audible and visible under normal operating and
environmental conditions.

Where possible, all air-handling and power cut-off controls should be of the type that, once interrupted,
require manual restart to restore power.

8.2.5.5 Check that for systems using alarm silencing, this function does not affect other auxiliary

functions su

8.2.5.6 Chg
system draw

8.2.5.7 Chq
identified an|

8.2.5.8 Chg
The manual
release devig
wrong syste
enclosure th

8.2.5.9 Ch¢
installed, read

8.2.5.10 Chg
8.2.6 Prel

8.2.6.1 Wh
system test i
personnel is

conducted and instruct them, as.to the sequence of operation.

8.2.6.2 Dis
valve, where)
the release (
mechanism.

ck the detection devices to ensure that the types and locations are as specified
ings and are in accordance with the manufacturer's requirements.

ck that manual release devices are properly installed, and are readily aceessible, accu
d properly protected to prevent damage.

ck that all manual release devices require two separate and, distinct actions for oper
release device shall be properly identified. Particular care\shall be taken where m

m. Manual release devices in this instance shall be clearly identified as to which h
by protect.

ck that for systems with a main/reserve capability, the main/reserve switch is pr¢
dily accessible and clearly identified.

ck that the control panel is properly installed and readily accessible.
iminary functional tests

ere a system is connected to a remote central alarm station, notify the station that t}
5 to be conducted and that an emergency response by the fire department or alarm s
not required. Notifyhall concerned personnel at the end-user's facility that a test is

able or remove each carbon dioxide storage container release mechanism and se

ircuit'with a functional device in lieu of each carbon dioxide storage container r¢

L. el dls £ o fL L £l H A +1 | H I A3
I do dll uauuuus Ul lJUVVCl CUlt Ul vwIICTI U Llle dal'cT1 C\iull CuU 11T LIIC ucalsu DlJCLlllLaLlU .

n the

rately

ation.
anual

es for more than one system are in close proximity and.could be confused, actuating the

azard

perly

1e fire
ration
to be

ector

fitted, sothat activation of the release circuit will not release carbon dioxide. Reconnect

blease

For electrica

1 - —l 1 1 : &1 1 : : 1.1 COI T D | £1 11
1y dLLUdLTU TTICAST HHICUIIIAIIISIILS, LIIEST UTVILTES LAll ITICTUUC SUILdUIT IdIIIPS, TId5IT DU

bs or

circuit breakers. Pneumatically actuated release mechanisms can 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 auxiliary relays.

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

8.2.6.6 Check all supervised circuits for correct fault response.
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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 specification.

8.2.7.2 Operate the necessary circuit to initiate a second alarm circuit, if present. Verify that all
secondary alarm functions occur according to design specifications.

8.2.7.3 Operate the manual release device. Verify that manual release functions occur according to
design specifications.

8.2.7%, Verify that functions occur according to the design specifications. Confirm)that visual and
audible supervisory signals are received at the control panel.

8.2.7)5 Check the function of all resettable valves and actuators, unless testing the valv¢ will release
carban dioxide.

“One-shot” valves, such as those incorporating frangible discs, should,nnet-be tested.
8.2.746 Check pneumatic equipment, where fitted, for integrity;to ensure proper operation.
8.2.8| Remote monitoring operations (if applicable)

8.2.8{1 Disconnect the primary power supply, then:Operate one of each type of input deyice while on
standby power. Verify that an alarm signal is received at the remote panel after the devic¢ is operated.
Reconnect the primary power supply.

8.2.8]2 Simulate each type of fault condition and verify receipt of fault conditions af the remote
statign.

8.2.9| Control panel primary power source

8.2.9/1 Verify that the control panel is connected to a dedicated unswitched circuit and is labelled
propdrly. This panel shall be readily accessible, but access shall be restricted to authorized personnel
only.

8.2.9/2 Test a primary power failure in accordance with the manufacturer's specificatjon, with the
systemn fully operated on standby power.

8.2.10 Cempletion of functional tests

When all functional tests are complete (8.2.6 to 8.2.9), reconnect each storage container so that
activation of the release circuit will release the carbon dioxide. Return the system to its fully operational
design condition. Notify the central alarm station and all personnel concerned 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 manufacturer's specifications.

8.3 Completion certificate and documentation

The installer shall provide the user with a completion certificate, a complete set of instructions,
calculations and drawings showing the system as-installed, and a statement that the system conforms
to all the appropriate requirements of this document, giving details of any departure from appropriate
recommendations. The certificate shall give the design concentrations and, if carried out, reports of
any additional test, including the door fan test.
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See also A4,

Table A.1 and Table A.1.

9 Inspection, maintenance, testing and training

9.1 General

This clause specifies the requirements for inspection, maintenance and testing of the carbon dioxide
fire extinguishing system and for the training of inspection and maintenance personnel.

9.2

Inspection

9.2.1 Geng

9.2.1.1 At
and tested fo

9.2.1.2 Thq

9.2.1.3 Atleast every six months, the container contents shall be checked. Containers that show

in carbon dig

9.2.1.4 Thq
on a tag atta

9.2.2 Cont

Containers s

9.2.3 Hosg

All system h
hose shall be

9.2.4 Encl

9.2.4.1 At
changes to
performance
test for enclo

pral

east annually, or more frequently if required, all systems shall be thoroughly insp
r proper operation by competent personnel.

e inspection report with recommendations shall be filed with the ‘@Wwner.

xide quantity of more than 10 % mass shall be refilled orreplaced.

 date of inspection and the name of the person performing the inspection shall be rec
ched to the container.

ainer
hall be subjected to periodical tests as required by the relevant national standard.

pses shall be examined annually for damage. If visual examination shows any defeq
replaced.

psures

least every I2\months, it shall be determined whether boundary penetration or
the protected enclosure have occurred that could affect leakage and carbon d

suredntegrity in accordance with 1SO 14520-1.

ected

aloss

brded

t, the

other
oxide

. If this.€annot be visually determined, it shall be positively established by repeating the

9.2.4.2 Wh

ere the infngrify test reveals increased ]nal(ngn that would result in an innhi]ify to

Fetain

the carbon dioxide for the required period, remedial action shall be carried out.

9.2.4.3 Where it is established that changes to the volume of the enclosure or to the type of hazard
within the enclosure, or both, have occurred, the system shall be redesigned to provide the original
degree of protection.

It is recommended that the type of hazard within the enclosure, and the volume it occupies, be regularly
checked to ensure that the required concentration of carbon dioxide can be achieved and maintained.
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9.3 Maintenance

9.3.1 General

The user shall carry out a programme of inspection, arrange a service schedule, and keep records of the
inspections and servicing.

NOTE The continued capability for effective system performance depends on fully adequate service
procedures together with, where possible, periodic testing.

Installers shall provide the user with a record in which inspection and service details can be entered.

9.3.2| User's programme of inspection

The ipstaller shall provide the user with an inspection programme for the system-and [components.
This programme shall include instructions on the action to be taken in respect of.faults.

The yser's inspection programme is intended to detect faults at an early’stage in order to allow
rectiffication before the system has to operate. A suitable programme is as\fellows.

a) eekly

Visuallly check the hazard and the integrity of the enclosure for changes which mighft reduce the
effici¢gncy of the system. Carry out a visual check, ensuring thatthere is no obvious damagg to pipework
and that all operating controls and components are properly set and undamaged. Check pressure
gaugds and weighing devices, if fitted, for correct reading and take the appropriate action specified in
the uger's manual.

b) Monthly

Checlt that all personnel who can have to apérate the equipment or system are properly trained and
authgrized to do so and, in particular, that hew employees have been instructed in its use.

9.3.3| Service schedule

A serpice schedule shall includeyrequirements for periodic inspection and testing of thie completely
installed system, including pfessurized containers.

The sghedule shall be catried out by a competent person who shall provide the user with|a signed and
dated report of the inspection, advising on any rectification carried out or needed.

Durirg servicing, utmost care and precaution shall be taken to avoid release of carbon diokide.

NOTE A suitable schedule is given in Annex C.

9.4 |Training

All persons who can be expected to inspect, test, maintain or operate the carbon dioxide fire
extinguishing system shall be trained and kept adequately trained in the functions they are expected to
perform.

Personnel working in an enclosure protected by carbon dioxide shall receive training in the operation
and use of the system, in particular regarding safety issues.
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Annex A
(normative)

Working documents

A.1 General

The documetllts described in this annex shall be prepared only by persons fully experienced in the g
of carbon dipxide extinguishing systems. Deviation from these documents shall require perm

from the relq

A.2 WorkK

Working documents shall include the following items:

a) drawing
location

b) name of
c) location
d) location

e) enclosur
suspend

f) extingui
g) descript

h) specific3
dioxide;

i) descript

vant authority.

ing documents

5, to an indicated scale, of a carbon dioxide distribution 6ystem, including conta
of containers, piping and nozzles, valves and pipe hanger-$pacing;

pwner and occupant;
of building in which hazard is located;
and construction of protected enclosure wallsiand partitions;

e cross-section, full height or schematic diagram, including raised access floo
bd ceiling;

Khing or inerting concentration, design concentration and maximum concentration;
on of occupancies and hazards to be protected against;

tion of containers used, inicluding capacity, storage pressure and mass, including c
on of nozzle(s) used, including inlet size, orifice port configuration, and orifice size/c
on of pipesyvalves and fittings used, including material specifications, grade and pr¢

nt-schedule or bill of materials for each piece of equipment or device, showing device

esign
ssion

iners,

r and

hrbon

bde, if

ssure

hame,

applicable;
j) descript
rating;
k) equipme
manufac

T e Trerey T o e T TP tIoT;

1) isometric view of a carbon dioxide distribution system, showing the length and diameter of each
pipe segment and node reference numbers relating to the flow calculations;

m) enclosure pressurization and venting calculations;

n) description of fire detection, actuation and control systems.
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A.3 Specific details

A.3.1 Pre-engineered systems

For pre-engineered systems, the end-user shall be provided with the manufacturer's system design and
maintenance information.

A.3.2 Engineered systems

For engineered systems, the end-user shall be provided with the manufacturer's system design and
maintenance information.

Details of the system shall include the following:
a) information and calculations on the amount of carbon dioxide;

b) cpntainer storage pressure and carbon dioxide quantity;

c) capacity of the container;
d) t]:e location, type and flow rate of each nozzle, including equivalent orifice area, if applicable;
e) the location, size and equivalent lengths or resistance coefficients of pipe fittings anfl hoses; pipe

%)

ze reduction and orientation of tees shall be clearly indi¢ated;

f) the location and size of the storage facility.

Information shall be submitted pertaining to the‘location and function of the detection devices,
operdting devices, auxiliary equipment and electrical circuitry, if used. Apparatus and fevices shall
be id¢ntified. Any special features shall be adeguately explained. The version of the floy calculation
program shall be identified on the computer calculation printout.

A.4 |Completion certificate and documentation

The ipstaller shall provide a certification package consisting of the following:

a) Commissioning checklist{containing all of the information shown in Table A.1.
b) Certificate of complétion containing all of the information shown in Table A.1.
c) Door fan test report in accordance with 1ISO 14520-1.
d) Dischargetestreport, if conducted which should include:

1) daterand time of test,

2) “name of installation, designer and contractor,

3) enclosure identification,

4) enclosure temperature prior to discharge,

5) design concentration,

6) position of sampling points,

7) discharge time, and

8) concentration levels at each sampling point at the beginning and at the end of the holding time.
e) System deficiencies.

f) Fire alarms certificate, if required.
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Table A.1 — Commissioning checklist

Item Task Conformance
Yes/No/NA Verified by
1 System Configuration
2 Warning signs and notices
3 Enclosure integrity
4 Enclosure venting
5 Containers
) Location
h) Number size and marking n‘],
g Charge quantity and dangerous goods label qQV
d) Orientation nfb i
[ Mounting ’\'\‘U
f Weighing devices nv
6 Helease mechanisms ) 0
a Location . O\
h) Number size and marking (\Y
q Charge quantity and dangerous goods label \QV
d) Orientation k\}\\
7 Manifolds and valves )
a|] Joints and fastenings K
h) Flexible connectors - x
q Discharge indicators A )
d) Pressure switches R N~
e Check valves ,.‘\\U‘
f Directional valves L V
g Pressure relief devic;\@\
h Pressure reductio('(;’edices
i Vent valves ,-O :
il Lock off ve&\?@
8 Hipework AOJ
a ?\S‘ i) Layout
éO ii') Size and fitting orienta-
&?\ tion
O_) lcllll)n]rf)rl‘ilff, nozzles and
b) i) Pneumatic leak test
ii) Hydraulic pressure test
iii) Free passage
9 Nozzles
a) Drilling, stamping and orientation
b) Discharge safety
) Secure fastenings
10 Electrical system
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Item Task Conformance
Yes/No/NA Verified by
11 Function tests
a) Local alarm
b) Alarm and signalling equipment
) Plant shut downs
12 Actuation system test
a) Audible discharge alarms
b) Visual warning devices A
) Door closures and ventilations dampers nQV
d) Discharge time delay A N
e) Directional valves ~N
£) Container release actuators (\‘U
13 Manual release devices i \O_)V
14 Inhibit switch . 6\ .
15 Lock-off valve (-\<(
16 Pneumatic equipment N B
17 Discharge test &\§\
18 Remarks %, -
N
¥
xO
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This Certificate is issued by the Firm named in of the Schedule in respect of the Fixed Carbon dioxide
Fire Extinguishing System provided for the person(s) or organisation named in Part 2 of the Schedule
at the premises identified in Part 3 of the Schedule, being the Fixed Carbon dioxide Fire Extinguishing
System of the type described in Part 4 of the Schedule

CERTIFICATE OF COMPLETION

Part 1-4 TO BE COMPLETED BEFORE TESTING

SCHEDULE
Part 1 Name of Issuing Firm
Part 2 Name of Customer
Part 3 Address of protected premises/Area
Part 4 4.1 Type of System

4:3'Type of Premises

4.4 Is this a new system or an extension of an existing system?

4.5 Has a list of Variations been presented?
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Part 5
Protected Agent Quantity Number of Agent design Applicable Drawing
area containers concentration (s)

Hemote system monitoring will be performed by

[)ate of remote monitoring connection

(ommissioning test(s) conducted by

PART 6: TO BE COMPLETED BEFORE TESTING

Date

(ommissioning test(s) witnessed by

Date
Door fan test(s) conducted by

Date... i e
Door fan test(s) witnessed by

Date....insisssssssssnisnns sassaes
Dhischarge test conducted-by

Date....inissssssssssssniinns s
Discharge test witnessed by

Date....essssssssissinias e

Remarks

AVLV/S hning mlrrnnﬂy an XXXX 'Certificated Firm' in respect of the Fixed Carbon dioxide Fire F’vh'ngniching Cy tem of

Date of Issue

(DD/MM/YYYY)

Signed for and on behalf of the issuing firm

Job Title

the type(s) we have identified in Part 4 of the above Schedule, certify that the system in the above Schedule complies
with the ISO 6183 identified in the above Schedule and with all other requirements as currently laid down within the
Scheme in respect of such a system.
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Part 5
Protected Agent Quantity | Number of Agent design Applicable Drawing
area containers concentration (s)

Remote system monitoring will be performed by

Date of remote monitoring connection

PART 6: TO BE COMPLETED BEFORE TESTING

Commissioning test(s) conducted by

Date.

Commissioning test(s) witnessed by

Date

Door fan test(s) conducted by

Dateuvveuesressssssssssssssssssssssssssess sssseses
Door fan test(s) witnessed by

Date
Discharge test conducted by

D L OO o S
Discharge test witnessed by

Date.ueeunreesis e bussdessessesssssssess sesssssns

Remarks

We, being currently an XXXX 'Certificated “Firm' in respect of the Fixed Carbon dioxide Fire Extinguishing System
of the type(s) we have identified .in, Part 4 of the above Schedule, certify that the system in the above Schedule
complies with the ISO 6183 idéntified in the above Schedule and with all other requirements as currently laid
down within the Scheme in respeect of Stich a system.

Date of Issue (DD/MM/YYYY)

Signed for and ofi behalf of the issuing firm

Job Title

Figure A.1 — Certification of Completion
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Annex B
(normative)

Carbon dioxide system pipe and orifice size determination

B.1 Computer programs are generally used to perform calculations to determine pipework pressure

and to calculate nozzle orifice sizes. The calculation program should be based on the parameters
contafined in this annex.

B.2 |The storage pressure is an important factor in carbon dioxide flow. In low-pressurg storage, the
starting pressure in the storage vessel will drop by an amount depending on whetHer all of only part of
the sypply is discharged. Because of this, it will be about 1,97 MPa (19,7 bar). The flow equdtion is based
on abpolute pressure, therefore 2,07 MPa (20,7 bar) is used for calculations\wnécessary for Jow-pressure
systems.

In high-pressure systems, the storage pressure depends on ambiént temperature. Norjmal ambient
temperature is assumed to be 21 °C. At this temperature, the ayerage pressure in the container during
dischprge of the liquid portion will be approximately 5,17 MR2 (51,7 bar). This pressure has therefore
been pelected for calculations involving high-pressure systems.

Usingthe above pressures of 2,07 MPa (20,7 bar) and 5,17 MPa (51,7 bar), values have been determined
for the Y and Z factors in the flow equation [Formula (B.1)]. These are listed in Tables B.1 and B.2.

B.3 |For practical applications, it is desirable'to plot curves for each pipe size that cquld be used.
Howgver, it is noted that the flow equation cafbbe arranged as shown in Formula (B.1):

L 107°x0,8725Y

1,25 [ijz
D2

wher¢

~0,043 192 (B.1)

-]

[ istheinside pipé-diameter (actual), in mm;
L| isthe equiyalent length of pipeline, in m;
Q istheflow rate, in kg/min.

Thus,|by.platting the values L/D1.25 and Q/D?, it is possible to use one family of curves for any pipe size.
Figurp Bl gives flow information for -18 °C storage temperature on this basis. Figure B.2 [gives similar
information for high-pressure at 21 “C.

These curves can be used for designing systems or for checking possible flow rates. Pressure conditions
at any point in a pipeline can be obtained by calculating Q/D? and L/D'.25 values. Points can then be
plotted on the Q/D? curve to obtain starting and terminal pressures. For example, if the problem is
to determine the terminal pressure for a low-pressure system consisting of a single 50 mm schedule
40 pipeline with an equivalent length of 152 m and a flow rate of 454 kg/min, the following calculations
are used.

Q/D?% and L/D125 values are first calculated using Formula (B.2) and Formula (B.3):

Q 454 . 2
—=—+—=0,165 kg/min/mm B.2
o g/min/ (B2)
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1L25 =%=1,075 m/mmb%> (B.3)
D ’

Starting pressure is 2,07 MPa (20,7 bar) and L/D%25 = 0, shown in Figure B.1 and point S1. The terminal
pressure is found to be approximately 1,57 MPa (15,7 bar) at point T1, where the Q/D? value of 0,165
intersects the L/ D125 value at 1,075.

If this line terminates in a single nozzle, the equivalent orifice area needs to be matched to the terminal
pressure in order to control the flow rate at the desired level of 454 kg/min.

Table B.1 — Values of Y and Z for low-pressure systems

Pressure

MPa bar Y z

2,07 20,7 0 0
2 20 665 0,12
1,9 19 1500 0,295
1,8 18 2201 0,470
1,7 17 2790 0,645
1,6 16 3285 0,820
1,5 15 3696 0,994
1,4 14 4 045 1,169
1,3 13 4.338 1,344
1,2 12 4 584 1,519
1,1 11 4789 1,693
1 10 4962 1,868

Table B.2 — Values of Y'and Z for high-pressure systems

Pressure
MPa bar Y z
5,17 51,7 0 0
51 51 554 0,003 5
5,05 50,5 972 0,060 0
5 50 1325 0,082 5
4,75 47,5 3037 0,210
4,5 45 4616 0,330
4,25 42,5 6129 0,427
4 40 7256 0,570
3,75 37,5 8283 0,700
3,5 35 9277 0,830
3,25 32,5 10 050 0,950
3 30 10 823 1,086
2,75 27,5 11 507 1,240
2,5 25 12 193 1,430
2,25 22,5 12 502 1,620
2 20 12 855 1,840
1,75 17,5 13187 2,140
1,4 14 13 408 2,590
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Figure B.1 — Pressure drop in pipeline for 2,07 MPa (20,7 bar) storage pressure

Referfing to Table B.%7it is noted that the discharge rate will be 0,991 3 kg/min/mm?2 ¢f equivalent
orificp area when the/orifice pressure is 1,59 MPa (15,9 bar). The required equivalent orifice area, 4,
of thg nozzle is thus equal to the total flow rate divided by the rate per square millimetye, calculated

using(Formuld\(B'4):

Ao Aotke/min oo m? (B.4)
0,9913 l(gI/minI/mm

From a practical viewpoint, the designer would select a standard nozzle having an equivalent area
nearest to the computed area. If the orifice area happened to be a little larger, the actual flow rate would
be slightly higher and the terminal pressures would be somewhat lower than the estimated 1,57 MPa
(15,7 bar).

B.4 If, in the above example, instead of terminating with one large nozzle, the pipeline branches into
two smaller pipelines, it will be necessary to determine the pressure at the end of each branch line.
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To illustrate this procedure, assume that the branch lines are equal and consist of a 40 mm schedule
40 pipe with equivalent lengths of 61 m and the flow in each branch is 227 kg/min.

Q/D?% and L/DY25 values are calculated for the branch pipe using Formulae (B.5) and (B.6):

Q 227 : 2
—=——=0,136kg/min/mm B.5
T ien g/min/ (B.5)
L 61 125
=———=0,59 m/mm™ B.6
D1,25 103,4 / (B.6)
From Figure Ba-the-startingpressure-of 557 MPa-357bar-{terminal pressure-of matnHaeHnteysects
the Q/D? ling 0,136 at point S2 giving an L/D1.25 value of 1,6. The terminal pressure is found by moving
down the Q/[P? line a distance of 9,59 on the L/D1.25 scale, i.e. L/D1.25 = 1,60 + 0,59 = 2,19.£o,point T2
where the tgrminal pressure is 1,14 MPa (11,4 bar). With this new terminal pressure.and floy rate
227 kg/min,|the required nozzle area at the end of each branch line is obtained fromCFable B.7 and is
approximate]ly 368 mm?2,
It is noted thpt this is only slightly less than the single large nozzle example, butthat the discharge rate
is halved by the reduced pressure.
Y
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X L/Dl,ZS m/mm1r25

Y pressure, MPa

Figure B.2 — Pressure drop in pipeline for 5,17 MPa (51,7 bar) storage pressure

B.5 In high-pressure systems, the manifold is supplied by a number of separate containers. The total
flow is thus divided by the number of containers to obtain the flow rate from each container. The flow
capacity of the container valve and the connector to the manifold will vary with each manufacturer
depending on design and size. For any particular valve, dip tube and connector assembly, the equivalent
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length can be determined in terms of unit length of standard pipe size. With this information, the flow
equation can be used to prepare a curve of flow rate versus pressure drop. This provides a convenient
method of determining manifold pressure for a specific valve and connector combination.

Tables B.3 and B.4 list the equivalent lengths of pipe fittings for determining the equivalent length of
piping systems. Tables B.3 and B.4 are offered for guidance only. Manufacturers' listed data may also
be used. Table B.3 is for threaded joints and Table B.4 for welded joints, and both have been prepared
for schedule 40 pipe sizes. However, for all practical purposes, the same values can also be used for
schedule 80 pipe sizes.

Table B.3 — Fqnivnlpnf lpngfh of threaded pipp fiﬂ'ingc

Elbow 90° long Union
Pipe nominal size Elbow std. 45° | Elbow std. 90° | radius and tee T-side coupling or
through flow gate valve
in mm m m m m m
3/8 10 0,18 0,4 0,24 0,82 0,09
1/2 15 0,24 0,52 0,3 1 0,12
3/4 20 0,3 0,67 0,43 1,4 0,15
1 25 0,4 0,85 @,55 1,7 0,18
11/4 32 0,52 1,1 0,7 2,3 0,24
11/2 40 0,61 1,3 0,82 2,7 0,27
2 50 0,79 1,7 11 341 0,37
21/2 65 0,94 2 1,2 4,08 0,43
3 80 1,2 2,5 1,6 5,06 0,55
4 100 1,5 3,26 2 6,64 0,73
5 125 19 4,08 2,6 8,35 091
6 150 2,3 4,94 3,08 10 1,1

Table B.4.— Equivalent length of welded pipe fittings

. o Elbow std. Elbow 90° long .
Pipe nominal size 450 Elbow std. 90° | radius and tee T-side Gate valve
through flow
in minl m m m m m
3/8 10 0,06 0,21 0,15 0,49 0,09
1/2 15 0,09 0,24 0,21 0,64 0,12
3/4 20 0,12 0,33 0,27 0,85 0,15
1 25 0,15 0,43 0,33 1,1 0,18
HM4 32 02+ 8,55 0,46 14 0,24
11/2 40 0,24 0,64 0,52 1,6 0,27
2 50 0,3 0,85 0,67 2,1 0,37
21/2 65 0,37 1 0,82 2,5 0,43
3 80 0,46 1,2 1 3,11 0,55
4 100 0,61 1,6 1,3 4,08 0,73
6 150 091 2,5 2 6,16 1,1

B.7 For nominal changes in elevation of piping, the change in head pressure is negligible. However, if
there is a substantial change in elevation, this factor should be taken into account. The head pressure
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correction per metre of elevation depends on the average line pressure where the elevation takes place,
since the density changes with pressure.

Correction factors are given in Tables B.5 and B.6 for low-pressure and high-pressure systems,
respectively. The correction is subtracted from the terminal pressure when the flow is upward and
added to the terminal pressure when the flow is downward. The terminal pressure at the outlet having
been determined, appropriately sized nozzles can now be selected.

Table B.5 — Elevation correction factors for low-pressure systems

Average line pressure Elevation correction
MPa bar MPa/m bar/m
2,07 20,7 0,010 0,100
1,93 19,3 0,007 8 0,077 6
1,79 179 0,006 0 0,0599
1,65 16,5 0,004 7 0,046 8
1,52 15,2 0,003 8 0,0378
1,38 13,8 0,003 0 0503073
1,24 12,4 0,002 4 0,024 2
1,10 11,0 0,0019 0,019 2
1,00 10,0 0,001 6 0,016 2

Table B.6 — Elevation correction factors forhigh-pressure systems

Average line pressure Elevation correction
MPa bar MPa/m bar/m
517 51,7 0,008 0,079 6
4,83 48,3 0,006 8 0,067 9
4,48 44,8 0,005 8 0,057 7
4,14 41,4 0,004 9 0,048 6
3,99 39,9 0,004 0,04
3,45 34,5 0,003 4 0,0339
31 31 0,002 8 0,028 3
2,76 27,6 0,002 4 0,023 8
2,4Y 24,1 0,0019 0,019 2
2,07 20,7 0,001 6 0,0158
1,72 17,2 0,001 2 0,012 4
1,4 14 0,001 0,010 2

For low-pressure systems, the discharge rate through equivalent orifices should be based on the values
given in Table B.7. Design nozzle pressures should not be less than 1 MPa (10 bar).

For high-pressure systems, the discharge rate through equivalent orifices should be based on the values
given in Table B.8. Design nozzle pressures stored at 21 °C should not be less than 1,4 MPa (14 bar).

Table B.7 — Discharge rate of equivalent orifice area? for
low-pressure systems

Orifice pressure Discharge rate
MPa bar kg/min/mm?
2,07 20,7 2,967

a2 Based on a standard single orifice having a rounded entry with a coefficient of 0,98.
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