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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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complete listing of these bodies can be found at www.iso.org/members.html.

© IS0 2023 - All rights reserved


https://www.iso.org/directives-and-policies.html
https://www.iso.org/iso-standards-and-patents.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=855b87e21b7e8f987d9a36c7feff6c25

ISO 21805:2023(E)

Introduction

The guidance presented in this document is based on the results of a joint research programme
conducted in 2006 and 2007 by several fire protection system manufacturers and interested parties.
The programme of work consisted of several series of tests to evaluate the peak pressure response and
pressure-relief vent area effects for each agent addressed in this document. The key data used in the
development of this document were the values of peak enclosure pressure response (PMAX) at each
value of the volume-normalized pressure-relief vent area of the test enclosure, hereinafter referred to
as the “leakage-to-volume ratio” or LVR. Other test parameters (enclosure temperature, agent quantity,
discharge time and humidity) were held constant or varied in a specified manner. For each test series
ly analysed,

ed formulae
ity dew point.
hk enclosure

d with HFC-

The humidity corrections used in this document are based on the results of tests conducte
227ep at different conditions of humidity.

The fesulting values for humidity correction'will be assumed to be equally applicable to th|
5-1-12, HFC-125 and HFC-23 until furtherdata or analyses indicate otherwise.

e agents FK-

The torrelations of LVR to maximum-negative pressure and maximum positive pressure|were based

on tgst work performed in a test thamber at a relative humidity (RH) of approximately 38
in a protected enclosure differs\from 38 % then a correction to the estimated maximum 1
positiive pressures can be required. See 7.8 and 7.9 for further information on the effect of hi
temperature of the test enclosure was 21°C (nominal) for all tests that form the basis of th
metHods given in this doCument.

In cpnducting thé\ research programme described above, a large number of differ
arrapgements were created in the test enclosure. The equivalent leakage area (ELA) for e
determined By)a “door fan test” and data analysis. The average enclosure pressure in €
the many deor fan tests varied from test to test. All values of ELA were normalized to al
enclgsure differential pressure of 125 Pa. The resulting enclosure correlations of peak press
and anyresulting estimate of enclosure pressure-relief vent area, reflect a pressure-reli

0. If the RH
legative and
imidity. The
P estimating

ent venting
hch test was
ffect during
 equivalent
ure vs. LVR,
ef vent area

calculated at an effective enclosure pressure of 125 Pa for a vent with a discharge coefficient of 0,61.

The effectiveness of a gaseous total flooding firefighting system depends, in part, on retention of
the air-extinguishant mixture within the protected volume for a period of time. Retention of the
extinguishant-air mixture requires that gas exchange (“leakage”) between the enclosure and the
ambient environment be restricted. To limit the rate of gas exchange, the enclosure boundary should
have a high degree of integrity. To put it another way, the total of the areas of the various penetrations
in an enclosure’s bounding surfaces should be low, at least during the gas-retention period (hold time)
after the end of the extinguishant discharge.

The addition of a gaseous firefighting extinguishant to an enclosure having a limited pressure-relief
vent area will naturally result in a change of pressure therein. If the enclosure is sealed too tightly
during the extinguishant discharge, i.e. too little pressure-relief vent area, the pressure change could
exceed the structural strength of one or more of its bounding surfaces — windows, doors, walls,
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ceiling. Conversely, if the enclosure has too much pressure-relief vent area then gas exchange with the
ambient atmosphere will occur rapidly, leading to a short retention time of the extinguishant within the
protected volume.

Thus, the us

a)

and;

b)
the com

e of gaseous firefighting systems should address two performance considerations:

pletion of the discharge.

pressure management within the protected volume during the period of extinguishant discharge,

retention of the extinguishant-air mixture within the enclosure for a specified period of time after

This docum
of aclean agj
determine o
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Some limitations and restrictions apply to the use of the formulae contained in this'"document. P
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ent fire extinguishing system. This document does not provide the information necess3
11 of the requirements related to the design, installation, service, maintenance{inspec
requalification of fire suppression systems.

fext and notes that follow them.

ition in this document does not supersede the manufacturer’s guidance. The inform
W this document is presented as being supplementary to the~guidance provided b}
ystem manufacturers. Guidance from the system manufactirer should always be foll
purposes of system design, installation, operation and maintenance.
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ed, and who can be expected to exercise a duty of care to avoid unnecessary relea
nt.
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Guidance and recommendations on design, selection and
installation of vents to safeguard the structural integrity
of enclosures protected by gaseous fire-extinguishing
systems

1 $cope

This|document gives guidelines for fulfilling the requirements contained in ISO 6183:2042, 6.4.1 and
7.4.1[and 1SO 14520-1:2023, 5.2.1 h) and 5.3 h), in respect to over- and under-pressttization|venting and
postidischarge extract.

It copsiders the design, selection and installation of vents to safeguard ‘the structural [integrity of
enclgsures protected by fixed gaseous extinguishing systems and the post-discharge ventinjg provisions
where used.

2 Normative references

Therk are no normative references in this document.

3 Terms and definitions
For the purposes of this document, the following-terms and definitions apply.
ISO gnd [EC maintain terminology databases-for use in standardization at the following addresses:

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

— IEC Electropedia: available athttps://www.electropedia.org/

NOTH For the purposes df this document, the term “bar” signifies “gauge”, unless otherwise indicated.
Concentrations or quantitiesexpressed in percentages (%) signify by volume unless otherwise indifated.
3.1

free pressure-reliefi\vent area
sum pf all free ventareas of the pressure-relief vents provided

Note [L to entry: This is determined by the gross pressure-relief vent area multiplied by the vent efficiency.

3.2

gross pressure-relief vent area
total area of the pressure-relief vent

3.3

negative pressure

pressure in the protected room which is lower than the pressure immediately outside the enclosure
boundary

3.4

peak pressure

maximum pressure (positive and negative) generated within an enclosure caused by the discharge of
the gaseous agent

©1S0 2023 - All rights reserved 1
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3.5

positive pressure

pressure in the protected room which is higher than the pressure immediately outside the enclosure
boundary

3.6
enclosure strength
specified differential pressure limit for the protected enclosure

3.7
pressure-relief area

Liof i J 1l 1 1 1
sum of the free pressure-remervefrrareaana e ecrosturereakagearea

3.8
pressure-relief vent
device that provides a flow path through an enclosure boundary to limit the pressure thefein

3.9
authority
organization, office or individual responsible for approving equipment, installations or procedure

4 Symbagls and abbreviated terms

A gressure-relief vent area (m?)

Ax gressure-relief vent area to limit negative pressurete a specified Py (cm? or in?)
Ap gressure-relief vent area to limit positive pressure to a specified Pp (cm? or in?)
Ar tptal pressure-relief vent area (m?2)

C dgent design concentration (vol. %)

E,p gositive pressure excursion

Ep’N rlegative pressure excursion

fr flooding factor (m3/ni3)

H relative humidity-within the enclosure (%)

Lepp enclosure positive pressure limit

Lepn gnclosurenegative pressure limit

m mifiimum design quantity of agent (kg)

Mpcr molecular weight of the agent (kg/mol)

MR molecular weight of air (0,029; kg/mol)

My is the mixture molecular weight of the agent (kg/mol)

P pressure (Pa or psf)

Pax maximum room strength (Pa)

Py negative pressure (Pa or psf)

Pp positive pressure (Pa or psf)

2 © IS0 2023 - All rights reserved
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Py and Pp represent either

— design pressure limits for estimating Ay or Ap, or

— estimates of maximum values of Py or Pp for given values of Ay or Ap
quantity of agent required at reference temperature of 20 °C (m3)

gas law constant, 8,314 (J/mol-K)

specific volume of the agent at the design temperature (m3/kg)

5 1

This
of fiJ
cons

Itdo
build

Othe
the g

Aftel

specific volume of air (m3/kg)

specific volume of the agent at the reference temperature (m3/kg)

discharge time (s)

gaseous firefighting system discharge time (s)

temperature (K)

volume of the protected space (m3)

specific volume of the agent at the design temperature (m3/kg)

specific volume of the homogenous agent-air mixture (m3/kg), which is the inverse ¢
specific vapour volume of extinguishant{mi3/kg)

maximum mass flow rate of the agent

agent-air mixture density

Jse and limitations

document is for the use-by-those competent in the design, installation, servicing and 1
ked gaseous firefighting”systems. It also serves as guidance for those involved in
[ruction and operation’of buildings in which such systems are installed.

s not replace theneed for the person responsible for the design, construction and ope
ing to fulfil their obligations in respect to providing adequate structural provisions.

r trades\and services are involved in the complete system and this document is limited
uidanee outlined in the Scope.

fthe density

naintenance
the design,

ration of the

to providing

applying the enclosure peak pressure and pressure-relief vent area analysis of thi

5 document,

the user can potentially conclude that an enclosure can require additional pressure-relief vent areas to
avoid exceeding specified maximum pressure values upon discharge of a gaseous agent system. If that
is the case, it is recommended that the user advise the supplier of a supplemental venting device, which
can be specified and selected by use of this document.

The maximum pressure developed in an enclosure on the discharge of a clean agent fire extinguishing
system is affected by several characteristics of the system itself and the enclosure being protected. Of
particular importance are the thermodynamic properties of the agent and the discharge characteristics
of the hardware. Each of the following clauses contains correlation formulae that are specific to the
agent type and manufacturer’s hardware. The formulae can be used to make estimates of the following:

a) enclosure pressure-relief vent area, given a specified enclosure pressure limit;

©ISO
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b) maximum positive or negative pressure developed in an enclosure given a stated or calculated
pressure-relief vent area.

NOTE The formulae in this document for halocarbon agents have a limited range of applicability based on
the parametric limitations of the data from which they were derived. Table 1 indicates the applicable limits of
design concentration, discharge time and enclosure pressure response for use in this document. The maximum
peak pressure estimates (both positive and negative) based on data obtained for each agent are given in Table 1.

CAUTION — It is physically possible to develop pressures greater than those covered by this
document during system discharges.

Tahlao 1 Craan A eyy offormulaoc asnnlhication limitc
Fable+—Summary-etHormulaec-apphecationlimits
Agent Minimum Maximum Minimum Maximum Maximum Maximyum
agent agent discharge discharge over pres- | under pres-
conc. conc. time time sure sure|
vol. % vol. % Pa (pfs) Pa (pf$)
FK-5-1-12 4,2 6 6 10 239 (5) 1197 (45)
HFC-23 18 30 6 10 1337(30) n/a
HFC-125 8 10,5 6 10 479 (10) 479 (19)
HFC-227ea 6,25 10,5 6 10 383 (8) 958 (2P)
6 Safety
6.1 Strudtural safety

The provisi
gaseous firg

pn of correctly designed and engineered\pressure venting of enclosures protectgdd by
-extinguishing systems is essential for-preventing the possibility of failure of struc

tural

integrity. This is essential for mitigating forces exerted by the changes in enclosure pressure ywhen

gaseous figh

6.2 Persc

The operati
gaseous me
Safety issug

nnel safety

ting media are discharged into an-enclosure.

bn of pressure-relief vents-or extract systems requires the displacement of mixtures o

s can arise due to(exposure to the extinguishants themselves or products of combu

and/or extipguishant breakdewn products. Also, any hazards arising from the operation of the

under press

7 Systen

7.1 Gene

urization vents.themselves should be considered.

1 design’— Pressure-relief venting

ral

f air/

lia from a protected enclosure to the atmosphere or another area not necessarily protelcted.

stion
bver/

The basic design principle is to limit the pressure excursions imposed on the structure of the protected
enclosure by the discharge of gaseous extinguishant to that within the limits the enclosure can
withstand.

A room integrity test can be used to determine the equivalent leakage area, or simply the "vent” area
that exists at the time of evaluation. The methods of this document can use the known or estimated
pressure-relief vent area to estimate the maximum pressure that will be developed on the discharge
of a clean agent system. If the estimated maximum pressure exceeds a specified design threshold, the
methods of this document may be used to estimate a pressure-relief vent area sufficient to limit the
development of pressure upon system discharge to an acceptable value.

4 © IS0 2023 - All rights reserved
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7.2.1 Positive and negative pressurization

ISO 21805:2023(E)

Consideration should be given to positive pressurization created by all extinguishants and additionally
to negative pressurization created by some extinguishants as shown in Table 2.

Table 2 — Pressure effects of gaseous extinguishant

Extinguishant name Positive pressure created Negative pressure created
FK-5~1-12 Yes Yes

HFCq125 Yes Yes

HFC{227ea Yes Yes

HFC{23 Yes No

IG 01 Yes No

IG 190 Yes No

IG 51 Yes No

IG 541 Yes No

COo, Yes No?

a  Negative pressure has been observed, with adverse effects. It can occuhih certain cases where large quantities of CO,
are r¢leased into a space having low leakage to ambient.

7.2.2

The
disch

Pressure graphs

X1

X1

oraphs shown in Figure 1 illustrate the typical pressure excursions that would o
arge within the protected area.

a) Inert gas

ccur during

© IS0 2023 - All rights reserved

b) Inert gas (constant flow)


https://standardsiso.com/api/?name=855b87e21b7e8f987d9a36c7feff6c25

ISO 21805:

2023(E)

X1

A

X2

Key
X1 positive
X2 negative

Y time

7.3 Encld

It is the cli
determine 1
enclosures

[t is genera
structures §
top and bot
However, fif
client to pr

0
will WithStaI\I]ld, it is necessary to obtain their acceptance of the figures used.

Due to issug¢
provided to

7.4 Presq

It is gener:
atmosphere
extinguisha

c) Halocarbon gas

pressure

pressure

Figure 1 — Typical pressure excursions

sure characteristics

ent’s responsibility and not the responsibility «ef‘the fire protection system suppli
oom strength. The client should advise the allowable pressure differential the prote
an withstand without sustaining damage.

ly accepted that normal masonry construction can withstand 500 Pa, while lightw

fom. Certain structure types canshave even lower limits, particularly suspended cei
e system engineers are not qualified to give guidance on room strengths, so itisup t
ide this information. If the client does not make clear the allowable pressure the encld

volumes above and’below the suspended ceiling where practical.

ure-relief yent paths

lly assumed that positive/negative pressure-relief vent paths will lead to/fron
Positive pressure-relief vent paths will assist in the safe transfer of the displaced
ht olume to the atmosphere in the most efficient, uncomplicated manner as wg

er to
bcted

eight

uch as stud partitioning can withstand only 250 Pa. Both figures assume fixings at the

ings.
p the
sure

s related to enclosupes ttilizing suspended ceilings, it is recommended that protection is

the
air/
11 as
e air.

ensuring aif

extinguishant contaminated with fire by-products also finds a safe route to the outsid

As positive pressure venting can involve the displacement of smoke, the possible effect on fire detection
systems along the vent path should be considered.

Under certain circumstances, it can be necessary to consider the use of adjacent spaces as the means
to dissipate the pressure condition, either directly as a function of the volume of that adjacent space or
where the adjacent space acts as a transit path to the atmosphere. Under the circumstances described
in the latter option, special venting considerations can be required to ensure the pressure condition is
not simply transferred to that adjacent space (see 7.9).
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7.5 Types of pressure-relief vents

7.5.1 General

There are various types of pressure-relief vents, which are normally closed to preserve the integrity of
the enclosure and which then open to relieve a pressure impulse and close again. These pressure-relief
vents can fall into several categories, which are described in the following subclauses.

7.5.2 Gravity vents

The hlades for these vents are generally hinged on the top edge. They have no electric or pneumatic
actuation but rely totally on the enclosure pressure change to move the vent blades.

This|type of vent can provide a free pressure-relief vent area significantly smaller’thgqn the gross
pressure-relief vent area. In addition, the vent design creates turbulent flow and‘thereforg is likely to
create higher pressure loss for any given flow. This additional pressure loss should be factqred into the
detefmination of the free pressure-relief vent area required.

Vents, if not fitted with an end stop, for example ‘cat flaps’, could relieve'pressures in both directions.
However, these are not recommended unless they can avoid compromiSing the enclosurg fire rating.

See Higure 2.

Figure 2 — Gravity vent

7.5.3 Counterweighted flap vent

This type of vent is configured with the hinge located just off from the centre of gravity so that when
positive pressure is exerted on the upstream side of the vent it allows the vent blades to pivot to their
fully open positions.

The vent can be designed such that there is a minimum operational release pressure, which will ensure
that nuisance movement is avoided.

Typically, these vents are more efficient (i.e. larger discharge coefficient, lower opening pressure, lower
intrinsic inertia) than gravity flap vents.

© IS0 2023 - All rights reserved 7
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7.5.4 Electrically-operated vents
This type of vent utilizes blade(s) operated by an electric motor.

This type of vent is reliant upon power at the time of the discharge. Therefore, if no other option is
available, there should be a protected power supply to the vent motor to ensure that failure of mains
does not leave the vent in the closed position.

This type of vent generally opens more slowly than other types of vent and correct operation can be
dependent on the sequence of activation and the time allowed for the vent to open fully.

See Figure 3.

Figure 3 — Electrically-operated vent

7.5.5 Pneumatically-operated vent

Pneumatically operated vents are aCtuiated by pressure, normally that of gas flowing through the
pipework o1 by pilot containers or cerhpressed air line.

7.5.6 Venft accessories

7.5.6.1 Sdcurity provisions

If the vent if located*within an external wall at a low level it is feasible that the client will have fome
concerns regarding forced entry. Therefore, it is likely that security bars can be fitted across the
aperture to étain the building security.

7.5.6.2 Insect screen

If there is concern that insects can potentially penetrate the building through the vent it can be
necessary to specify insect screens. However, these are made of fine mesh and can have a significant
impact on the free pressure-relief vent areas.

7.5.6.3 Weather louvres

When fitted on exposed, external faces of a building it is possible that rain can penetrate the opening
even with the vent in the closed position. In this case, a weather louvre can be fitted externally. However,
this can have a significant impact on the free pressure-relief vent areas.

See Figure 4.

8 © IS0 2023 - All rights reserved
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Figure 4 — Louvres

7.5.4.4 Decorative grilles

A de
signij

corative grille can be used to cover the inher face of the vent assembly. However, thi
[ficant impact on the free pressure-reliefvent areas.

7.5.4.5 Limit switches

If eld
pote

of pdllution from external sdurces. In this case, it can be desirable to fit limit switch(es) to

posit

system, or both.

7.6

Pressure-relief vent characteristics

7.6.1 Vent-efficiency

Pres
elem

5 can have a

ctrically- or pneumatically-opérated vents are inadvertently left in the open positipn they can
htially become either a se¢urity risk or endanger the equipment within the space by the¢ infiltration

monitor the

ion of the vent and Create a warning signal, either locally, or through the building rhanagement

sure-relief vents, of any type (see 7.5), control the flow of air by the movement of air control

nts {blades)—The desigmof the btadesanmd the extent to which they opermratany gt

en pressure

determines the free pressure-relief vent area of the vent at that pressure. For example, if a vent has a
nominal area of 1,0 m2 and an efficiency of 50 % at 100 Pa it will provide a free pressure-relief vent area
of 0,5 m2 at 100 Pa. The blades of the same vent can open further at higher pressures, perhaps having an
efficiency of 80 % at 250 Pa and thus provide a free pressure-relief vent area of 0,8 m2 at 250 Pa.

Examples of vent efficiencies for gravity and weighted vents are shown in Figure 5. It is therefore
recommended that free pressure-relief vent areas are specified at no less than 3 pressures, for example,
100 Pa, 250 Pa and 500 Pa.
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Vent efficiency will be reduced by the addition of other accessories in the vent path, e.g. weather louvres,
grilles, etc. Vent manufacturers should provide a safe assessment of the potential effect based on the
free pressure-relief vent area of the accessory proposed.

NOTE Vent efficiencies are provided by vent manufacturers.
X A

100 %

90 %

80 % 5 /

700
70

O

50 %
40 % /
30 % / —*

60 % 7 ——
/

10 %
0% =
0

,
7
/
&
v T

20 % / Y
T
5

T T T T T T T
7 100 150 200 250 300 350 400. 450 500 Y

Key
X efficiency (%)
Y pressurg (Pa)
1 gravity
2 counter-veighted

Figure 5 — Efficiency of pressure-relief vents

7.6.2 Minimum opening pressure

The vent should be designed to have-a minimum opening pressure to avoid nuisance opening.|This
should be af{least 50 Pa.

7.6.3 Min[imum closing pressure

The vent shpuld be designed to have a minimum closing pressure to ensure closure at the end df the
discharge. Tihis should)be at least 30 Pa.

7.6.4 Fire rating

Where vents are included in an enclosure, they should not reduce the fire rating of the structure and
should therefore be of equivalent fire rating.

7.7 Ventlocation and mounting

7.7.1 Ventlocation
The most favourable location for the vent is on an exterior wall of the building.

The vent should be located taking due account of the discharge nozzles and any objects both inside and
outside the enclosure in the vicinity of the vent.
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The vent should be located on an area of wall within the enclosure which is devoid of all services or
other fixtures or fittings that could impede the flow path. Where available free wall space is limited,
consideration should be given to having a bespoke vent manufactured which will fit the available space
constraints.

The most significant hazard which arises from obstructions placed on either side of the vent is those
which are of a non-fixed or temporary arrangement, which can impede flow or prevent the vent
from functioning correctly. Such items are not necessarily present at the time at which the gaseous
firefighting system is designed and ultimately handed over. Examples include skips, packing boxes,

filing cabinets, etc.

Whe
shou

The
discH
placi
of ex|

Vent
boun

7.7.2
The f

Vent

suitgble screws. The surface to which the vent is tobe fitted needs to be flat and where

is std
need|
plast
door

Vent
such
then
togef
vent
build

The
Furt
fit cn
Since
the f

phys

Lot i £ ol LA | £l £ 3 alal abalal H 3 L
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Id be provided.

lischarge of a gaseous firefighting system causes concentrated streams of extinguish

ng a vent near nozzles and directly in the path of discharge, can cause a disproportion
tinguishant to be vented during the discharge.

5 should be positioned taking into account the above points and-any location in tH
dary may be suitable.

Vent mounting
ollowing points are provided as general information which can vary between supplier

5 can feature a mounting flange that is fixed to the-surface to which the vent is to be mo

pped or uneven, additional mounting framgs-are required. Additional mounting frar
to be utilized where the vents are being fitted in very thin enclosure walls such as glas

as weights on each vent blade,-pneumatic actuators, or electric motors. Consequent
selves will have a weight;-which can be significant where either several small vents
her in one area, or whete-a single large vent is used. The supplier should state the

in additional strué¢tural members to support the weight.

rigidity of th€é vent frame in which the blades are mounted varies between ma
hermore, thelarger the vent, the more prone to distortion the frames become. Where mg
oss braces, to the vent to limit distortion, these are not to be removed until the vent
the vent blades are invariably a close fit with the frame, any distortion of the frame
ull and correct opening of the damper blades. It is therefore essential that the sizg
jcally made in the wall has a sufficient degree of slack around the vent frame to ens

cal barriers

int from the

arge nozzles, which dissipate the further the flow gets from the nozzle. It-follows therefore that

ate quantity

e enclosure

S.

unted, using
the surface
nes can also
s-reinforced

ic cabins, or where existing window frames are used, or where the vents are to be njounted in a

5 are generally fabricated from 'sheet steel and depending on the type of vent, will include items

y, the vents
are located
yeight of the

supplied and the buitding contractor should make due allowance for this where it is pecessary to

hufacturers.
nufacturers
is installed.
can hamper

of the hole
ure that the

fram

e does not become distorted by the wall. I'he bullding contractor should ensure that o

nce the vent

is fitted and the mounting screws are fully tightened, that the vent is free of any distortion and all the
blades can freely move such that they can fully open and intentionally close under gravity (or normal
power source) alone.

Some vents are supplied with a telescopic tube which lines the surface of the hole cut in the wall. The
use of such telescopic tubes reduces the amount of building work necessary in cleaning up the edges of
the hole after it has been formed. All wall linings should retain the fire rating of the structure.
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7.8 Pressure-relief vent area calculations

7.8.1 Use of agent-specific formulae

To use the agent-specific formulae, the user needs to know the following:

a)
b)

‘)
d)

e)

f)

g)

The calculat
following st

1y
2)

3)

4)

5)

Figure 6 shd

12

volume

of the protected enclosure (m3 or ft3);

agent type;

agent design concentration based on an enclosure temperature of 21 °C (vol. %);

system

average
HFC-22

equival
NOTE

the spe

Determ

Determ

Annex H.

Use age
values

If press
Pp and §

If the m
enclosu
(for bot
and Ay,

discharge time (s)

relative humidity, H, in the protected enclosure (only required for FK-5-1-12, HEC-17
fea);

bt leakage area of an enclosure (cm? or in2). See 7.8.4.
This can be determined by a room-integrity (door-fan) test. See ISO 14520+1:2023, Annex E.
ified maximum allowed enclosure pressure, the “pressure limit;% (Pa or psf).

ion of the required pressure-relief vent area and maximunrpressure usually consists d
PpS:

ne the enclosure’s positive pressure (Pp) and negative-pressure (Py) limits.

ne the equivalent leakage area using the enclesure integrity test. See ISO 14520-1:]

nt-specific formulae and the measured equivalent leakage area, from step 2), to esti
f Pp and Py.

ires Pp and Py are less than or equal to the specified enclosure pressure limit then rg
Py on the system plans.

easured equivalent leakage area results in pressure Pp and Py that exceed the spec
e pressure limit, use agent-specific formulae and the specified enclosure pressure 1
h positive and negative' pressure) to calculate the required pressure-relief vent ared
then report Pp and Py, and Ap and Ay on the working plans.

ws the sequerice of steps to follow to develop the information required.

5, or

fthe

p023,

mate

pport

ified
mits
s, Ap
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START

Calculate Ap/Ay
per enclosure
pressure limit

Is vent area
known?

y

Calculate Calculate

Pp/Py Pp/Py

Is Pp/Py
lower than the
enclosure pressure
limit

Add results to
working plans

A

———— END

Calculate Ap/Ay Calculate
per enclosure -
pressure limit Pr/Py

Figure 6 — Sequence of steps to follow to calculate P, and Py

7.8.21 Vent area requirenient (non-liquefiable gases)

7.8.2.1 General

The manufacturer/s'system flow calculations are used to determine the maximum agent flpw rate. The
requfred pressure-relief vent area depends on the maximum mass flow rate of the agent, W, measured
in kg/s. Thenaximum mass flow rate of the agent, w, depends on the discharge time, ¢, the minimum
design quantity of agent, m, and the design of the discharge valve. The maximum mass floy rate of the
agenf canbe approximated as follows:

a) Constantdischarge rate: w=m/t, (kg/s).

b) Initial discharge rate of x % per second: w = (x/100) m, where x is determined by the system
manufacturer and m is determined according to Formula (1):

mzlln 100 (@8]
100-C

C isthe agent design concentration (vol. %);

V, is the specific volume of the agent at the design temperature (m3/kg);
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V  is the volume of the protected space (m3).

7.8.2.2 Ventarea

The total pressure-relief vent area, Ay, is calculated using Formula (2), where a value of 1,0 has been
assumed for the co-efficient of resistance of the flow through an opening.

XV,
Ap WX (2)
Phax XVy

max

A is the total pressure-relief vent area (m?);
w  is the maximum mass flow rate of the agent (kg/s);
Vy is the specific vapour volume of extinguishant (m3/kg);

P_...is the maximum room strength (Pa);

max

Vy s the specific volume of the homogenous agent-air mixture (m3/kg), which is the inverse|of
thq density.

The agent-ajr mixture density, py, is calculated using Formula (3):

PXMy
=_J"H 3
PH=—g (3)
where the mixture molecular weight, My, is calculated\using Formula (4):
CXMpqr +(100-C)xM
My, = acT *+( )XMaiR )
100
and Formula (5):
Vy=1 5
H= /g (5)
where

py is the agent-airnixXture density (kg/m3);
C isthe agentdesign concentration (vol. %);

My ¢qis themolecular weight of the agent (kg/mol);

M, ris the molecular weight of air (kg/mol);
R isthe gas law constant, 8,314 (J/mol-K);
P isthe pressure (Pa);

T  isthe temperature (K).
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7.8.2.3 Example calculations for inert gases (values taken from ISO 14520-1)

7.8.2.3.1 Introduction

In these examples, the peak discharge rate relates to an assumed percentage of the stored quantity of
gas per second. For actual calculations, the peak flow rate as determined by the hydraulic calculations
for the system should be used.

7.8.2.3.2 1G-55at 20 °C, 1,013 bar(a) (atmospheric pressure)

Temperatutre 20-2€

Va (IG-55) 0,708 1 m3/kg
SAIR 0,830 5 m3/kg
Vy 0,775 2 m3/kg
p 500 Pa

|4 260 m3

c 45,2.%

fr 0,849 4 kg/m3
Amopnt of gas required, calculated as follows: 220,84 kg

{m =|(260 /0,708) x In[100 / (100 - 45,2)]}

Number of containers holding 32,09 kg 7
(80 litre, 300 bar)

Actupl gas quantity 224,63 kg
NOTE 1 bar=0,1 MPa = 10° Pa; tMPa = 1 N/mm?2,
The pressure-relief vent arearequired assuming vent coefficient of 1 is:

1) 0,243 m? for 60 s, discharge at a peak discharge rate of 6,74 kg/s, 0,122 m? for a 120-s discharge at
3 peak dischargerate of 3,37 kg/s.

2) 0,135 m?2 for@¥%60-s discharge at a constant discharge rate of 3,744 kg/s.

7.8.2.3.3 dG-100at5 °C

Température 5°C

V4 (1G-100) 0,814 3 m3/kg
c 40,3 %

SAIR 0,788 0 m3/kg
Vy 0,798 6 m3/kg
P 250 Pa

v 530 m3

fe 0,633 5 kg/m3
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Amount of gas required, calculated as follows 335,73 %
{m=(530/0,814) x In[100 / (100 - 40,3)]}

Number of containers holding 24,88 kg 14

(80 litre, 300 bar)

Actual gas quantity 348,32 kg

The pressure-relief vent area required is:

1) 0,803 mZ for a 60-s discharge at a peak discharge rate of 13,93 kg/s;

2) 0,402 m
atacon

7.8.2.3.4

Temperaturj
V, (1G-541)
C

SAIR

Vy

P

|4

fr

Amount of g
{m=(350/

Number of d
(1401,300H

Actual gas quantity

The vent arg

tant discharge rate of 5,80 kg/s.
G-541 at35°C

35°C

[}

0,741 6 m3/kg
399 %

0,820 6 m3/kg
0,873°0 m3/kg

350 Pa
435 m3
0,691 kg/m3
as required, calculated as follows 300,79 kg
D,741) x In[100 / (100 - 39,9){}
ontainers holding 57,39 kg 6
ar)
344,34 kg

arequired is;
2 for a 60-$ discharge at a peak discharge rate of 8,61 kg/s;
2 for & 120-s discharge at a peak discharge rate of 4,3 kg/s, 0,252 mZ for a 60-sec discH

1) 0,376 m
2) 0,188 m
atacon

Z for a 120-s discharge at a peak discharge rate of 6,97 kg/s, 0,334 m?Z for a 60-s dise}

Ktant discharge rate of 5,74 kg/s.

7.8.3 Vent area requirement carbon dioxide

The vent area for CO, systems can be determined in accordance with ISO 6183.

7.8.4 Vent area requirements (liquefiable gases)

7.8.4.1 General

arge

arge

The calculation methodology provides a means to estimate the pressure excursion expected for
a specified extinguishing agent and to estimate the required vent size to limit the maximum and
minimum pressure within the enclosure.

16
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The following input parameters are required to use the calculation methodology:

— extinguishing agent;

— protected enclosure volume;

— extinguishing system discharge time;

— extinguishing concentration;

— relative humidity of the enclosure.

If thgenclosurestrengtirtskmown;itispossibletocatcutate threrequired-totat pressure-retjef vent area.

If th¢ total pressure-relief vent area is known, then it is possible to calculate the expectied pressure

excu

CAU
of aj
the

Calc
strol

If the

I'sion following an extinguishing system discharge (see Table 3).

Table 3 — Expected pressure excursion

Parameter Definition Unit
E;p Positive Pressure Excursion Ha
Eyn Negative Pressure Excursion Ha
A Pressure-relief vent area n|12
4 Volume of the protected space 3
C Agent design concentration usediin the protected enclosure %
ty Gaseous firefighting/system discharge time 3
H Relative humidity within the enclosure %
Loop Enclosu¥é positive pressure limit Ha
Lepn Engclgsure negative pressure limit Ha

Positive free pressure-relief vent area required to ensure that
Ap the positive.pressure excursion is below the enclosure positive 2
pressure limit (+veEPL)
Negative free pressure-relief vent area required to ensure that
Ay theTegative pressure excursion is below the enclosure negative m?2
pressure limit (-veEPL)

ION — The magnitude of both +veEPL and -veEPL for each extinguishant have limits
pplicability. The~calculation methodology is based on experimental data and therefore
prediction of\the calculation tool should remain within the data envelope investigated.
1lations based on parameters outside the limits of applicability will not be accurpte and it is
ngly advised that such calculations are treated accordingly.

relative humidity level is not known, 50 % is the recommended value to use.

See

Avthaw A wwhich neravidaoc giidaneca an tha maathadalagy niead +0 davalan tha avent-s eCIflc
.................. provides—guidance—on—the methodology used—to o a p

Y CTIop—1c

coefficients.

See also Annex B which provides guidance on the procedure used to develop coefficients for any new
agents in the ISO 14520 series.

7.8.4.2 FK-5-1-12

7.8.4.2.1 FK-5-1-12: Limits of applicability

6s<

t4<10s

42%<C<6,0%
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20% <H<80%
Lepp <240 Pa

L <-1200Pa

e,p,N
7.8.4.2.2 Pressure excursion for FK-5-1-12
The pressure excursion for FK-5-1-12 can be calculated using Formulae (6) and (7):

Eg_\_LO334

E p =0 04764Qx(éx x(() 81+0 '§1xi\
. \V C \

-1,0318
t ’
E, n =0[32170x 4.k x[1,68-1,79x—
P vV C 100

7.8.4.2.3 Total pressure-relief vent area for FK-5-1-12

The total pressure-relief vent area for FK-5-1-12 can be calculated using Formulae (8) and (9):

—0,9677
L
Ap =0,04678x{£)xVx ep.l -
ta 0,81+0,51x——
100
—0,9692
Le,p,N

H

Ay =0,343 09x(£JxV><
1,68-1,79x——
100

tq

7.8.4.3 HFC-227ea

7.8.4.3.1 HFC-227ea: Limits of applicability
6s<ty<10fs
6,25% <C410,5%
20% <% H[80%
Lepp<380Pa

Lepn < -1000 Pa

7.8.4.3.2 Pressure excursion for HFC-227ea

The pressure excursion for HFC-227ea can be calculated using Formulae (10) and (11):

E, p=48,359x| 4,2xIn VXC 1 27,922 |x[ 0,81+0,51x 1
' Axty 100

E, y =46,444x| 9,41xIn| YXC | 62,76 |x[ 1,68—1,79x -
P. Axty 100

(6)

(7)

(8)

(9)

(10)

(11)
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7.8.4.3.3 Total pressure-relief vent area for HFC-227ea

The total pressure-relief vent area for HFC-227ea can be calculated using Formulae (12) and (13):

~0,00497xL, , p

Ap =0,001 SOX(QJXVXexp

tq 0,81+0,51x 1L
100

<

~0,00222xLe 1

Ay =0,001 27><( )XVxeXp

N3

L]
LW 1,68—1,79x——
100

7.8.4.4 HFC-23

7.8.4.4.1 HFC-23: Limits of applicability
6s<|ty<10s

189%4<C<30%

20%<H<80%

<1400 Pa

7.8.4.4.2 Pressure excursion for HFC-23

The pressure excursion for HFC-23 can be calculated using Formula (14):

~1,165
t ’
Fpp=0,08827>< é><—d X 0,81+0,51><i
’ Vv C 100

7.8.4.4.3 Total pressure-relief ventarea for HFC-23

The fotal pressure-relief vent area for HFC-23 can be calculated using Formula (15):

—0,8587

1N

L
I =0,12384><££J><V>< e

By H

0,814+0,51x——
100
7.8.4.5 HF€-125

7.8.4.51\ ' HFC-125: Limits of applicability

6s<ty<10s
80%<C<10,5%
20% <H<80%

L 480 Pa

e,p,P =

Lepn < 480 Pa

© IS0 2023 - All rights reserved
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7.8.4.5.2 Pressure excursion for HFC-125

The pressure excursion for HFC-125 can be calculated using Formulae (16) and (17):

A —1,037 H
E, p=0,045349x| =x-4 x| 0,81+0,51x——
P vV C 100

—1,039
t ’
E, y =0,03949x 4.4 x[1,68-1,79x
P vV C 100

7.8.4.5.3 Total vent area for HFC-125

The total vept area for HFC-125 can be calculated using Formulae (18) and (19):

—0,964
L
Ap =0,050><[£]><V>< e.p.P 0
ta 0,81+0,51x——
100
—0,9622
L
Ay =0,045 89><[t£]><V>< epN
d

1,68—1,79><i
100

7.8.4.6 Example calculation 1: Determination of positive and negative pressure when the

pressure-re¢lief area is known

Volume ¥25 m3
Air-eonditioned - 50 % H
Protected enclosure RGom strength = 500 Pa

Total pressure-relief vent
area = 0,042 m2

Agent = HFC-227ea

Extinguishing system |Concentration = 8,5 vol. %

System discharge time =9,2 s

Calculate the expected pfessure excursion following the discharge of the extinguishing system:

Select the HFC-227ea.equation [Formula (10)] for positive pressure excursion (+vePE).

AXE .

Epp =48,359><[4,2><ln( xc )_27,924)((0'8“0,51}(%]
D 7

T N 0/ m

E =48,359x[4,2xln(%)—27,922}<(0,81+0,Slx%]

p.P 0,042x9,2

=48,359%[4,2xIn(2750)-27,922]x(1,065)
=48,359%(5,339)x%(1,065)
=+275Pa

Select the HFC-227ea equation [Formula (11)] for negative pressure excursion (-vePE).

E, y =46,444x| 9,41xIn| YXC 62,76 |x[ 1,68+1,79x -
P Axty 100

(16)

(17)

(18)

(19)
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EyN :46,444><[9,41><ln _125x8,5 —62,76}( 1,68+1,79><5—0
' 0,042x9,2 100

=46,444%[9,41x1n(2750)—62,76]x(0,785)
=46,444%[9,41x(7,919)-62,76]x(0,785)
=46,444x(11,758)%(0,785)

=-429Pa

7.8.4.7 Example calculation 2: Determination of pressure-relief area required following the
discharge to limit the pressure excursion

Volume = 7 500 m3
Protected enclosure Air-conditioned - 50 % H

Room strength = 500 Pa
Agent = HFC-227ea

Extinguishing system |Concentration = 7,9 vol. %

System discharge time'= 9,6 s

Calcylate the expected required free pressure-relief ventsarea following the discharge of the
extinguishing system:

Seleqt the HFC-227ea equation [Formula (12)] for positive\total pressure-relief vent area such that the
enclgsure positive pressure limit is not exceeded. A keypoint here is that the limit of applicability for
the I}, , p should adhere; for HFC-227ea this limit is 880 Pa and so this is entered into th¢ calculation
even|though the enclosure can withstand 500 Pa,

~0,00497%L, p, p

1N

lp =0,001 30><[£JxV><exp

ta 0,810 51x 1L
100

—-0,00497x380

0,81+0,51><5—0
100

Ap =0,001 BOX( 7'2 )X7500><exp

)

=0,00130%(0,8229)x7 500xexpx(~1,773)

=1,363m?
Seledqt the HFC*227ea equation [Formula (13)] for negative total vent area such that the enclosure
negafive pressure limit is not exceeded.

—0,00Z222XL
e,p,N

Ay =0,001 27><(t£J><V><exp
d

1,68—1,79><i
100

Ay =0,001 27x(% j><7500><exp

)

—-0,00222x500

1,68—1,79><5—0
100

=0,00127%(0,8229)x7500xexp(—1,414)
=1,906 m*
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7.8.5 Leakage

When determining the overall pressure-relief vent area required, it has become common practice in
some countries to use enclosure leakage as a contribution to the total pressure-relief vent area. This
enclosure leakage area is the equivalent leakage area (ELA) determined by the room integrity test
carried out in accordance with ISO 14520-1. In some countries, however, this is not a common practice.

The use of enclosure leakage as a contribution to the total pressure-relief vent area is a less conservative
approach and should be used with caution and some authorities may not permit this.

If enclosure leakage is to be used for pressure relief, an integrity test should be conducted with doors of

adjacent rooms—closed. The ELA from this testisused in the vent area calculations
NOTE An integrity testis normally conducted with doors held open in adjacent rooms to the room-under test
to give a worge-case outcome for hold time calculations.
7.9 Cascade venting calculations
Where the qver-pressure venting for a gaseous fire extinguishing system needs(tg transit through one
or more adjjcent enclosures to vent to the atmosphere, the vents in the enclosire boundaries shoufld be
determined|as follows (see Figure 7).
V4 AP34
A34
V3 AP13
N
. [ A3 j{;
Vi1
=
N\
—Qa
fa\)|
N
A
AP12
p-
L L= | - Al12
V2 )
V]
AP24
I A24
V4

Figure 7 — Cascade venting

All volumes are in m3, all free pressure-relief vent areas are in m2, and all pressure differentials are in
Pa.V1,V2,V3and V4 are all discrete enclosures; for explanatory purposes, V1 is an enclosure protected
by gaseous extinguishing systems, V2 is an adjacent enclosure, V3 is a corridor and V4 is the atmosphere.
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A1l: free pressure-relief vent area if the protected enclosure vents directly to atmosphere V4.

A12: free pressure-relief vent area from the protected enclosure V1 into the adjacent enclosure V2.
A24: free pressure-relief vent area from enclosure V2 to atmosphere V4.

A13: free pressure-relief vent area from the protected enclosure V1 into the adjacent enclosure V3.
A34: free pressure-relief vent area from the enclosure V3 to atmosphere V4.

AP14: pressure differential between V1 and V4. With V4 representing the atmosphere, this will be
equivalent to the maximum allowable pressure in V1.

AP17: pressure differential between V1 and V2.
AP14: pressure differential between V1 and V4.
AP13: pressure differential between V1 and V3.
AP24: pressure differential between V2 and V4.
AP34: pressure differential between V3 and V4.

Wheh venting directly to the atmosphere from the protected space, the pressure loss (differential)
throyigh the free pressure-relief vent area A1 is AP14. When théwent flow has to pass through two vents
then|the optimum design occurs when the pressure differential is equal, i.e. AP12 = AP24/| As a result,
A12 £ A24 =+/2 x Al. This is because, to achieve the same.flow with only half the pressure|differential,
the area of each vent should be V2 x A1 when there are twb vents in the flow path. Similarly, the area of
each|vent should be V3 x A1 if there are three equally’sized vents in the flow path, etc.

Any gombination of pressure differentials can beZused as long as the sum of differential prg¢ssures does
not exceed the maximum enclosure strength.

For gascade venting, where more than onie-vent is employed, see 7.9.2.

7.9.1 Example calculation 3: Cascade venting calculations for IG-541 (peak discharge)
Temperature 20°C

Vy (15-541) 0,70 m3/kg
SAIR 0,830 m3/kg
C 40 %

Vy 0,781 m3/kg
Enclgsupe 1 284 m3

fr 51%

[G-541 quantity 204 kg

Peak flow rate 2,5%

AP14 — maximum allowable pressure 500 Pa

Venting directly to the atmosphere (see 7.8.2):

A= Macr XV
JPXVy
AP14 =500 Pa
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A1=0,025x 204 x 0,70
V(500 x 0,781)
A1=0,182 m?
Cascade venting through adjacent enclosure V2 — Vent size optimized
AP12 = AP23 =250 Pa
A12 = A24 =0,025 x 204 x 0,70
V(250 87688

A12 = AR3 = 0,258 m?; alternatively, A1 can be multiplied by V2 in this optimized condition.
Cascade verfting through adjacent enclosure V3 — Minimizing size of vent in an outside s#all (A34).

AP13 =100 Pa

AP34 =§00 Pa

A13 =0[025 x 204 x 0,70

Vv (100 % 0,781)

A13 =0/407 m?

A34 =0[025 x 204 x 0,70

V(400 ¥ 0,781)

A34 =0[204 m?2

7.9.2 Casfade vent arrangements

Cascade venmting is the means to vent from one area through one or more areas. It is sometimes
necessary should the protected area be-within another area, e.g. a computer room in the centrg of a
building rather than located adjacent'to’an outside wall.

protection gystems, then consideration should be given to the potential for activation of those systems
during the Venting process: The route for cascade venting should not be through areas that form a
means of esgape nor to afeas that are not of low fire risk.

If the secondlary spaces the vent gas'will pass through are also protected by their own independeZE fire

Cascade Veiting caleulations need to determine intermediate pressures generated since thesq will
affect the flow ofithe exiting gases. This is equally applicable to flow through ducts.

As an examplepthe intermediate pressure-relief vent area is calculated with a lateral wall strength of
250 Pa. The intermediate pressure through the flow pathis 125 Pa. To allow for this, the pressure-relief
vent area calculation needs to be made on 125 Pa to achieve a 250 Pa maximum differential. When
calculating pressure losses through ducts pressure loss will change with flows that change with the
pressure-relief vent area; an iterative process is required to get a more exact value.

Cascade vent arrangements, for the necessary design calculations and considerations above, can be as
follows:

1) Protected Area 1 to Protected Area 2 to the atmosphere. The vent from Area 1 to Area 2, via a pre-
opened vent, i.e. electric or pneumatic, to the atmosphere.

2) Protected Area 1 to Protected Area 2 to any further protected area(s) to the atmosphere. The vent
from Area 1 to Area 2, and then via pre-opened vents through any further protected area(s) and
then to atmosphere.
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3) Protected Area 1 to the atmosphere via ductwork. Ductwork and vents will need to be sized in
accordance with maximum lateral pressure and flow requirements.

7.9.3 Venting into adjacent enclosures

7.9.3.1 General

When a protected enclosure is required to have pressure-relief venting fitted, and the vent path is into
an adjacent enclosure (i.e. cascade venting) it is important for the volume of the adjacent enclosure
to be large enough such that the room strength is not compromised. This can be determined by the

follo ring mpfhnr‘]n]ngy and calculation
V, isthe volume (m?3) of the enclosure (1) which employs a gaseous firefighting system-dndhas pressure
relief fitted which connects it to an adjacent enclosure (2) of volume V,. If V, is not {arge ehough to act
as a Jeservoir for the flow of gas into or out of V; during a system discharge, therV, will plso require
pressure relief.
The following subclauses provide guidance on how to determine the minithum size of ¥V, such that
pressure relief on V, is not required.
7.9.3.2 Over-pressurization: determination of adjacent enclosure volume
The |pasis for this methodology is that at equilibrium thelpressure generated by the |injection of
extirjguishant gas into V; will balance across the pressuresrelief vent into V,, by taking the volume of
extinguishant injected, and calculating what volume is required for that extinguishant to exert +veEPL
(diffgrential pressure) over the combined volume of J;énd V,. For all gaseous firefighting agents, the
minimum size of an adjacent volume V,, for over-pressurization can therefore be determined by using
Formula (20):
xV;x101325
I, > Je >V -V (20)
Le,p,P

whete

fr is the flooding factor (m3/m3, see EN 15004);

Lo, p isthe lowerlobthe positive enclosure pressure limits (in Pa) for V; and V,.
The free pressure-relief vent area between V; and V, should be calculated as a cascade vent qrrangement
as dgscribed in 7.9:2.
7.9.3.3 Under-pressurization: determination of adjacent enclosure volume
For gaseéaus firefighting agents that generate a negative pressure excursion during dischharge (FK-5-
1-12,| HFC-227ea, HFC-125) the minimum size of an adjacent volume V, can be determined by using
Formula (21):

v, > VRNV wid 21)
LepN(v2) 2

where

AN is the free pressure-relief vent area (m?) between V; and V, based on a cascade ar-

rangement (see 7.9.2);

E, N1y is the negative pressure excursion in V; (Pa);

Lepnev2y s the negative enclosure pressure limit for V; (Pa).
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7.9.3.4 Example calculation 4

A 248 m3 enclosure with a positive pressure limit of 500 Pa is protected with an IG-55 inert gas
suppression system with an applied design concentration of 46 vol. % at 20 °C (flooding factor —
0,605 7 m3/m3):

Sk 100 0,696 04
S 100-C 0,708 12

The over-pressure from this enclosure is to be vented into an adjacent enclosure of 20 000 m3 with a
positive pressure limit of 400 Pa.

Determine yhether or not this volume is of adequate size to ensure that the enclosure pressureljmits
are not exceleded.

The free pressure-relief vent area required between the protected area and the adjacent enclgsure
should be d¢termined under the basis of cascade venting using Formula (20):

v, > ),6057x101325%x248 948
400

>37,803m>
where V, is the minimum volume of adjacent enclosure (m3).

In this instdnce, the adjacent volume is not adequate on its ownyand further pressure relief will be
required on|the adjacent enclosure, calculated once again under the cascade venting premise.

7.9.3.5 Example calculation 5

An HFC-227pa extinguishing system has been employed to protect a 248 m3 enclosure with a pregsure
limit of #50() Pa at a design concentration of 8,0 volx%at 20 °C and a discharge time of 9,5 s. The floading
factor is 0,633 5 kg/m3 multiplied by specific vapour volume at 20 °C of 0,137 4 = 0,087 m3/m3.[This
enclosure isfof particularly high integrity and-so-both under and over-pressure relief has been fittedl and
cascaded into an adjacent enclosure with a.volume of 4 200 m3 and a pressure limit of +500 Pa. Th¢ free
pressure-relief vent area for the negativépressure excursion at 250 Pa is 0,131 m? [using Formula (8)
and relative|humidity of 50 %].

Determine whether or not the adjacent enclosure is of adequate size to ensure that the enclgsure
pressure linpits are not exceeded)
Using FormIla (20) for théwover-pressure calculation:

v, 2( D,087x101325%248 J_24’8

500

>4,124m>
In this instance, the adjacent volume 1s of an adequate size such that additional cascade venting 1s not
required for the over-pressure event.

Using Formula (21) for the under-pressure calculation:

> 101325x0,131x~/250%0,831 « 9,5
2 =
2

500

>1,817m?
In this instance, the adjacent volume is of an adequate size such that additional cascade venting is not
required for the under-pressure event.
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8 System design — Post-discharge venting

In protected enclosures, means for prompt natural or forced-draft ventilation of areas after any system
discharge should be provided to safely remove fire by-products and extinguishant (in accordance with
EN 15004-1 and ISO 14520-1). Forced draft ventilation will often be necessary. Care should be taken to
completely dissipate hazardous atmospheres and not just move them to other locations. It should be
noted that most extinguishants are heavier than air.

In some countries post-discharge ventilation or “purging” systems are required by the relevant
authority. Presently, there is not a published International Standard for the design and implementation
of post—dlscharge purge systems. The spec1f1cs are typlcally left to the mechanlcal engineer of record

[ § T ‘ nd vented to the
extefior of the bulldlng in a manner that will not cause an additional hazard to personnel-and property
outside of the building. Do not purge the post-discharge atmosphere using facility yentilaion systems
interjded for heating, ventilating and air-conditioning (HVAC) use. Post-discharge: ptirge pystems are
designed utilizing forced-draft ventilation activated manually by the municipa) fire degartment, or
othefl authorized personnel, from outside of the protected hazard. Some purge systems|incorporate
postidischarge time delays that prohibit the operation of the exhaust system until a set agept soak time
is achieved. As most clean agents are heavier than air, purge system inletregisters are lofated low in
the Hazard.

9 Acceptance

Durihg system handover procedures, checks should be made to ensure vents are:
a) properly sited;

b) ¢orrectly sized;

c) freeto operate;

d) I:ounted for correct orientation;

e)

f) free from internal and extérnal obstructions in the flow path;

ounted for correct flow direction;

g) flunctionally tested (imrthe case of electrically and pneumatically operated vents).

Gasepus systems should Temain disabled unless and until vents have been fitted and the above checks
completed.

10 $ervice.and maintenance

Duripg-servicing and maintenance procedures (at least every six months) the followinF should be
checkedito ensure vents are:

a) free to operate;
b) free from internal and external obstructions in the flow path;
c) functionally tested (in the case of electrically- and pneumatically- operated vents).

If enclosure leakage has been used as the means or as a contribution towards the total pressure-relief
vent area and if any concerns exist over changes to the enclosure leakage area, a room integrity test
should be performed.

Periodic inspection of installed pressure vents is essential to ensuring protection of the enclosure and
the ability to retain the extinguishing atmosphere within for the required hold time. As a minimum,
visual and functional verifications should be made every six months. A full-function test should be
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performed in conjunction with any connected building management or agent releasing systems. Where
pre- and post-discharge time delays are utilized to open and close dampers, recorded operating times
should be compared to that of the system's sequence of operations and commissioning records. A
visual inspection should be performed to ensure that both sides of the vent are free from permanent or
temporary obstructions and free to open and close in the directions for which it was designed.
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Annex A
(informative)

Development of agent-specific formulae for liquefiable gases

A.1 General

Thisjannex describes the tests which were completed to provide the empirical data usedinthe formulae

given in this document to estimate pressure excursions during the discharge of liquefiable gases (see
7.8.3).

A.2 | Principle

The extinguishing agent was discharged into an enclosure having a known pressure relief vent area.
The differential pressure across the boundaries of the enclosure<was measured during the agent
dischlarge. The peak pressure excursion, positive and negative, was measured for each agent discharge

Multjple tests were run with various pressure relief vent ateas. The peak pressures versgus ratios of
pressure relief area to enclosure volume (4/V) were plotted:

NOTH The quantity “A” is the equivalent leakage area (EI/A) in cm? measured for the enclosure as described
elsewhere in this annex. “V” is the volume of the test enclosure in m3.

The [formulae provided in subclause 7.8.3 of\this document are curve fits with the plotted data
nornalized to a 10 s discharge time.

Exampple plots for FK 5-1-12 are shown im Figure A.1 and A.2.
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