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EXPLOSIVE ATMOSPHERES -

Part 49: Flame arresters —
Performance requirements, test methods and limits for use

FOREWORD

1) IS0 (the International Organization for Standardization) and IEC (the International Electrotechnical Commission)
orm the specialized em for worldwide andardi jon. National bodie ha e membe 0 O o

respective organization to deal with particular fields of technical activity. ISO and IEC technical committeeq
collaborate in fields of mutual interest. Other international organizations, governmental and non-governmental
in liaison with ISO and IEC, also take part in the work.

P) The formal decisions or agreements of IEC and ISO on technical matters express, as nearly as|possible, ar
international consensus of opinion on the relevant subjects since each technical committee hasyrépresentation
from all interested IEC and ISO National bodies.

) IEC and ISO documents have the form of recommendations for international use and are(aceepted by IEC and
ISO National bodies in that sense. While all reasonable efforts are made to ensure that thetechnical content o
IEC and ISO documents is accurate, IEC and ISO cannot be held responsible for the way in which they are used
or for any misinterpretation by any end user.

) In order to promote international uniformity, IEC and ISO National bodies undertake to apply IEC and ISQ
documents transparently to the maximum extent possible in their nationaland regional publications. Any
divergence between any IEC and ISO document and the corresponding natienal or regional publication shall bg
clearly indicated in the latter.

b) IEC and ISO do not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC and IS@ marks of conformity. IEC and ISO are no
responsible for any services carried out by independent certification bodies.

) All users should ensure that they have the latest edition of this,document.

) No liability shall attach to IEC and ISO or their directors;, employees, servants or agents including individua
experts and members of its technical committees and(}EC and ISO National bodies for any personal injury
property damage or other damage of any nature whatsoever, whether direct or indirect, or for costs (including
legal fees) and expenses arising out of the publication, use of, or reliance upon, this ISO/IEC document or any
other IEC and ISO documents.

) Attention is drawn to the Normative references cited in this document. Use of the referenced publications if
indispensable for the correct application of this document.

b) IEC and ISO draw attention to the possibility that the implementation of this document may involve the use of (a
patent(s). IEC and ISO take no positign concerning the evidence, validity or applicability of any claimed paten
rights in respect thereof. As of the date of publication of this document, IEC and ISO had not received notice o
(a) patent(s), which may be required to implement this document. However, implementers are cautioned that thig
may not represent the latestiinformation, which may be obtained from the patent database available a
https://patents.iec.ch and-www.iso.org/patents. IEC and ISO shall not be held responsible for identifying any o
all such patent rights.

SO/IEC 80079-49ias been prepared by subcommittee 31M: Non-electrical equipment and
brotective systéems for explosive atmospheres, of ISO/IEC joint technical committee 1
nformation technology.

his edifion cancels and replaces ISO 16852:2016, which has been technically revised. This
bdition,constitutes a technical revision.

hisedition includes the fnlln\nling eignifir\s\nf technical r\hgngnc with rncpnnf tg

ISO 16852:2016:

a) adaptation of the relevant IEC TC 31 requirements on standards;

b) modification of the upper limit of the temperature range from 150 °C to 200 °C under the
condition that T, shall be not larger than 80 % of the auto ignition temperature of the gas-
air-mixture;

c) change of the term "explosion group" to "equipment group" due to editorial requirements in
IEC/TC 31;

d) clarification of the conditions and requirements for flame arresters whose intended operating
conditions are outside the atmospheric conditions in 7.3.4 and 7.3.5;
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e) clarification of the requirements on the information for use in Clause 12 f) concerning the
burn time;

f) addition of a permission to the construction requirements both in 7.1 and 14.1 to substitute
visual inspection by performing a flow test;

g) addition of a flow chart for the evaluation of test results as Annex D.

The text of this International Standard is based on the following documents:

prart Report on voting

31M/212/FDIS 31M/223/RVD

Full information on the voting for its approval can be found in the report on voting ifdicated in
he above table.

[he language used for the development of this International Standard is English.

A\ list of all parts in the ISO/IEC 80079 series, published under the general title Explosive
htmospheres, can be found on the IEC website.

NOTE The following print types are used:

Words in italic font in the text are defined in Clause 3.

lhis document was drafted in accordance with ISO/IEG,Directives, Part 2, and developed in
hccordance with ISO/IEC Directives, Part 1, availablesat www.iec.ch/members_experts/refdocs
hnd www.iso.org/directives.
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INTRODUCTION

Flame arresters are protective systems fitted to openings of enclosures or to pipe work and are
intended to allow fluid flow but prevent flame transmission if a flammable mixture is ignited.
They have widely been used for decades in the chemical and oil industry, and a variety of
national standards is available. This document was prepared with an aim to establish an
international basis by harmonizing and incorporating recent national developments and
standards as far as reasonable.

lhis document addresses performance requirements and test methods, as well as limits for usg
or flame arresters.

Dnly the minimum safety requirements for flame arresters to prevent flame transmission are
specified.

Fhe hazard identification of common applications found in industry leads tothe specification o
he test methods. These test methods reflect standard practical situations_and, as such, form
he heart of this document because they also allow classification of the’ vatious types of flamg
prresters and then determination of the limits of use.

A\ considerable number of test methods and test conditions had ¢o'be taken into account for twd
main reasons.

h) Different types of flame arresters are covered with respect to the operating principle (static
hydraulic, liquid, dynamic) and each type clearly:needs its specific test set-up and tes
procedure.

b) It is necessary to adapt flame arresters to-the special conditions of application (gas
installation) because of the conflicting demands of high flame quenching capability and low
pressure loss. This situation is completely different from the otherwise similar principle o
protection by flameproof enclosure, \for example for electrical equipment, where thg
importance of process gas flow throtgh any gaps is negligible and importance is placed on
the flame quenching effect of the gap.

Consequently, in this document{the testing and classification related to Equipment Groups ang
nstallation conditions have heéen subdivided more than is usually the case in other parts of the
SO/IEC 80079 and IEC 60079 series of standards. In particular,

- Equipment Group_lIA-is subdivided into sub-groups [IA1 and IIA,

- Equipment Groap11B is subdivided into sub-groups [I1B1, 1I1B2, 1IB3 and IIB, and
- the type "detobation arrester” is divided into four sub-types, which take into account specifig
installation_ situations.

[he test{conditions lead to the limits for use which are most important for the user. This
jocument specifies this safety relevant information and its dissemination through the
manufacturer's written instructions for use and the marking of the flame arresters.

The limits for use are also a link to more general (operational) safety considerations and
regulations, which remain the responsibility the user and regulators. Annex B and Annex C offer
some guidance on these aspects.
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EXPLOSIVE ATMOSPHERES -

Part 49: Flame arresters —
Performance requirements, test methods and limits for use

Scope

lhis document specifies the requirements for flame arresters that prevent flame transmission
when explosive gas-air or vapour-air mixtures are present. It establishes uniform principles fo
he classification, basic construction and information for use, including the marking' of flamsg
brresters, and specifies test methods to verify the safety requirements and determine safe limits
bf use.

lhis document is applicable to pressures ranging from 80 kPa to 160-kPa and temperatures
anging from -20 °C to +200 °C.

NOTE 1 For flame arresters with operational conditions inside the scope, but/outside atmospheric conditions
ee Annex E.

NOTE 2 In designing and testing flame arresters for operation under,cenditions other than those specified above
his document can be used as a guide. This document can also be uséd’'to design any additional testing related tg
he specific conditions of use. This is particularly important when high.temperatures and pressures are applied. The
est mixtures might need to be modified in these cases.

his document does not apply to the following:

- external safety-related measurement and-control equipment that might be required to keep
the operational conditions within the established safe limits;

NOTE 3 Integrated measurement and conttol equipment, such as integrated temperature and flame sensors as
well as parts which, for example, intentionally melt (retaining pin), burn away (weather hoods) or bend (bimetallig
strips), are within the scope of this decument.

- flame arresters used for explosive mixtures of vapours and gases, which tend to self
decompose (for example,vacetylene) or which are chemically unstable;

- flame arresters used-for carbon disulfide, due to its special properties;

- flame arresters whose intended use is for mixtures other than gas-air or vapour-air mixtures
(for example, higher oxygen-nitrogen ratio, chlorine as oxidant);

- flame arrester-test procedures for reciprocating internal combustion engines;

NOTE 4 (Flame arresters for specific applications (e.g. reciprocating internal combustion engines) can use this
documeént'as a guide for design but be subject to testing related to their specific use.

- fastacting valves, extinguishing systems and other explosion isolating systems;

- .Flame arresters used in gas detectors (those being covered for example, by IEC 60079-29-1
and IEC 82000 1)

T o Oz I IJoU— )~
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2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60079-0, Explosive atmospheres — Part 0: Equipment — General requirements

EC 60079-1, Explosive atmospheres — Part 1: Equipment protection by flameproof enclosures
Idll

SO/IEC 80079-34, Explosive atmospheres — Part 34: Application of quality managemen
systems for Ex Product manufacture

B Terms and definitions

For the purposes of this document, the terms and definitions given\in"IEC 60079-0 and the
ollowing apply.

SO and IEC maintain terminology databases for use in, standardization at the followind
hddresses:

» |EC Electropedia: available at https://www.electropedia.org/
p ISO Online browsing platform: available at https:#www.iso.org/obp

8.1

lame arrester

jevice fitted to the opening of an enclosure, or to the connecting pipe work of a system o
bnclosures, and whose intended function is to allow flow but prevent the transmission of flame

8.2
housing
portion of a flame arrester (3:1) whose principal function is to provide a suitable enclosure fo

31
he flame arrester element(3.3) and allow mechanical connections to other systems

8.3
lame arrester element
portion of a flame_arrester (3.1) whose principal function is to prevent flame transmission

8.4
stabilized/burning
tteady-burning of a flame stabilized at, or close to, the flame arrester element (3.3)

short time burning
stabilized burning (3.4) for a specified time

3.6
endurance burning
stabilized burning (3.4) for an unlimited time
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3.7

explosion

abrupt oxidation or decomposition reaction producing an increase in temperature, pressure, or
both simultaneously

[SOURCE: ISO 8421-1:1987, 1.13]

3.8
deflagration
pxplosion (3.7) propagating at subsonic velocity

SOURCE: ISO 8421-1:1987, 1.11]

8.9
Hetonation
pxplosion (3.7) propagating at supersonic velocity and characterized by a shock wave

SOURCE: ISO 8421-1:1987, 1.12]

B.10

stable detonation
Hetonation (3.9) progressing through a confined system without’significant variation of velocity
hnd pressure characteristics

Note 1 to entry: For the atmospheric conditions, test mixtures\and test procedures of this document, typica
elocities range between 1 600 m/s and 2 200 m/s.

8.11

instable detonation
etonation (3.9) during the transition of a.combustion process from a deflagration (3.8) into g
stable detonation (3.10)

Note 1 to entry: The transition occurs in @ limited spatial zone, where the velocity of the combustion wave is no
onstant and where the explosion pressure is significantly higher than in a stable detonation. The position of this
ransition zone depends, amongst other-factors, on pipe diameter, pipe configuration, test gas and explosion group

Note 2 to entry: An unstable detgnation presents a higher level of hazard than a stable detonation due to highe
lame speeds and pressures.

B.12
Characteristic safety data of explosive mixtures

B.12.1

maximum experimental safe gap

MESG

maximumvgap of a joint of 25 mm in width which prevents any transmission of an explosion
juring-tests made under the conditions specified in ISO/IEC 80079-20-1

AR AE 1A=~ ann
OUURUVULE. TOU/TECU OUU

I
Note 1 to entry deleted.

3.12.2

safe gap

maximum gap of a joint of 25 mm in width which prevents any transmission of an explosion
during tests made under the conditions specified in ISO/IEC 80079-20-1 for the specified
vapour/gas mixture
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3.12.3

equipment grouping

classification system of equipment related to the explosive atmosphere for which they are
intended to be used

Note 1 to entry: In a large part of the safety equipment industry "explosion group" is used as an alternative term.

[SOURCE: ISO/IEC 80079-20-1:2017, 3.7, modified — Note 1 to entry replaced.]

1o
pi-directional flame arrester
lame arrester (3.1) that prevents flame transmission from both sides

B.14

Heflagration flame arrester

DEF

lame arrester (3.1) designed to prevent the transmission of a deflagration (3.8)

Note 1 to entry: It can be an end-of-line flame arrester (3.21) or an in-line flame arreStér(3.22).

8.15

Hetonation flame arrester

DET

lame arrester (3.1) designed to prevent the transmission of\a detonation

Note 1 to entry: It can be an end-of-line flame arrester (3.21) oran in-line flame arrester (3.22), and can be used
or both stable detonations (3.10) and unstable detonations (3.11);

8.16
endurance flame arrester
lame arrester (3.1) that prevents flame trangmission during and after endurance burning (3.6)

B.17
static flame arrester
lame arrester (3.1) designed to(prevent flame transmission by quenching gaps

B.17.1

measurable type
flame arrester (3.1) where the quenching gaps of the flame arrester element (3.3) can be
echnically drawn, measured and controlled

B.17.2

hon-measurable type

flame arrester (3.1) where the quenching gaps of the flame arrester element (3.3) cannot be
echnically drawn, measured or controlled

FXAMPLE Random structures such as knitted mesh, sintered materials and gravel beds.

3.18

dynamic flame arrester

high velocity vent valve

deflagration proof (see 3.14) pressure relief valve designed always to have efflux velocities that
prevent the flame propagation against the flow direction

Note 1 to entry: It can be endurance burn proof (see 3.16).
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3.19

liquid product detonation flame arrester

flame arrester (3.1) in which the liquid product is used to form a liquid seal as a flame arrester
medium, in order to prevent flame transmission of a stable or unstable detonation without
restriction (type 4 or type 2)

Note 1 to entry: There are two types of liquid product detonation flame arrester for use in liquid product lines: liquid
seals and foot valves.

191
iquid seal flame arrester
lame arrester (3.1) designed to use the liquid product to form a barrier to flame transmission

8.19.2

oot valve flame arrester
flame arrester (3.1) designed to use the liquid product combined with a non-retufn valve to form
h barrier to flame transmission

8.20

hydraulic flame arrester
flame arrester (3.1) designed to break the flow of an explosive mixture into discrete bubbles in
h water column, thus preventing flame transmission

B.21
end-of-line flame arrester
lame arrester (3.1) that is fitted with one pipe connection only

B.22

n-line flame arrester
lame arrester (3.1) that is fitted with two pipe connections, one on each side of the flame
hrrester

B.23

bre-volume flame arrester
VDEF

flame arrester (3.1) that, ‘after ignition by an internal ignition source, prevents flame
ransmission from inside anyexplosion-pressure-resistant containment (for example, a vessel o
closed pipe work) to the outside, or into the connecting pipe work

Note 1 to entry: Explosion-pressure resistance is a property of vessels and equipment designed to withstand the
bxpected explosion pressure without becoming permanently deformed.

8.24

ntegrated temperature sensor
emperature sensor integrated into the flame arrester, as specified by the manufacturer of the
lame\arrester, in order to provide a signal suitable to activate counter measures
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4 Abbreviated terms and symbols

Ap free area of a static flame arrester element

Ap nominal cross sectional area of the flame arrester connection

Ay cross sectional area on the unprotected side of the flame arrester element

Ay effective open area of the flame arrester element on the protected side

D pipe diameter

2y minimum diameter of the pipe on the protected side of a dynamic flame arrester

ay maximum length without undamped oscillations

[ m pipe length upstream of the dynamic flame arrester used in flame transmission test

Lo pipe length on the protected side

L, pipe length between flame arrester and restriction

Ly pipe length on the unprotected side, maximum allowable run-yp-length for
installation

1, Lo,

L3, Ly pipe lengths in the flow test

Dind time average value of the detonation pressure inthe time interval of 200 us after
arrival of the detonation shock wave

D mu maximum time average value of the transient\pressure of an unstable detonation
over a time interval of 200 us

Dy pressure in the pressure test

b1 pressure in the flow test of an end=of-line flame arrester

2 pressure before ignition

b0 maximum operational pressure

A, pressure drop in the flow test of an in-line flame arrester

DE maximum pressure-for the endurance burning test of dynamic flame arresters

D pressure which can cause the maximum temperature at endurance burning test

Ra ratio of the-effective open area of the flame arrester element to pipe cross sectional
area

Ry ratioyof the free volume of the flame arrester element to the whole volume

BT burning time

Ppeak~ time at which the peak pressure correlating to the leading shock front is achieved in
the test

FrE temperature-of-the-ftame-arresterbefore-ignition

Ty maximum operational temperature of the flame arrester

Vmax maximum flow velocity during the volume flow-pressure drop measurement (flow
test)

Vmin minimum flow velocity during the volume flow-pressure drop measurement (flow test)

174 volume flow rate

v critical volume flow rate

flow rate at closing point of dynamic flame arresters
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Vo minimum volume flow rate for endurance burning on dynamic flame arresters
VE maximum volume flow rate for endurance burning on dynamic flame arresters
VK maximum volume flow rate for dynamic flame arresters at the set pressure
Vm volume flow rate leading to maximum temperature

m minimum volume in the protected tank

V max safe volume flow rate

VS safe volume flow rate including a safety margin

Vt maximum volume flow rate leading to flame transmission

 Rmin minimum water seal immersion depth at rest above the outlet openings of the
immersion tubes

VR immersion depth at rest, corresponding to Zg,,,;, plus the manufacturer's
recommended safety margin

Y 0min minimum operational water seal immersion depth when the mixture flow displaces
the water from the immersion tubes, where Zyin, > Zgkin

Vo operational immersion depth, corresponding to Zgs,, plus the manufacturer's
recommended safety margin

All pressure values are absolute pressures.

NOTE Symbols in the figures for the flame arrester.afe in line with ISO 14617-7.
b Hazards and flame arrester classifications

5.1 Flame transmission classification: deflagration, stable and unstable detonation

he ignition of an explosivé:mixture will initiate a deflagration. A flame arrester covering only
his hazard is classified as-a deflagration flame arrester.

NOTE 1 A deflagration.-when confined in a pipe will usually accelerate and can undergo transition through ar
instable to a stable detoriation provided sufficient pipe length is available. This pipe length will vary depending upor
he initial conditions of the mixture and the pipe work configuration.

A\ flame arrester tested in accordance with 7.3.3.2 or 7.3.3.3 is classified as a stable detonation
lame arrester and is suitable for deflagrations and stable detonations.

NOTE 2 Unstable detonations are a specific hazard requiring higher performance flame arresters than for stable
letonations.

A flame arrester tested in accordance with 7.3.3.4 or 7.3.3.5 is classified as an unstable
detonation flame arrester and is suitable for deflagrations, stable detonations and unstable
detonations.

The specific hazards covered by this document, the classification and the testing required for
the appropriate flame arrester are listed in Table 1.
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Table 1 — Flame arrester classification for deflagration, stable and unstable detonation

Application Flame arrester classification
a) unconfined deflagration into an enclosure or vessel end-of-line deflagration
b) confined deflagration propagating along a pipe into connecting pipe work in-line deflagration
c) deflagration confined by an enclosure or pipe work to the outside pre-volume deflagration
atmosphere or into connecting apparatus
d) stable detonation propagating along a pipe into connecting pipe work in-line stable detonation
e) unstable detonation propagating along a pipe into connecting pipe work in-line unstable detonation
f) stableldetonation at the end of a pipe propagating into an enclosure or end-of-line stable detonation
vesse

5.2 Flame transmission classification: stabilized burning

Stabilized burning after ignition creates additional hazards in applications where there could be
b continuous flow of the explosive mixture towards the unprotected side‘of the flame arrester
[he following situations shall be taken into account:

- if the flow of the explosive mixture can be stopped within a.specific time that is betweer
1 min and 30 min, flame arresters which, when tested in accordance with 7.3.4, preven
flame transmission during that period of stabilized burning ‘are suitable for that hazard, and
they are classified as safe against short time burning;

NOTE Bypassing, sufficient diluting or inerting are measures’equivalent to stopping the flow.

- if the flow of the explosive mixture cannot be stopped or, for operational reasons, is no
intended to be stopped within 30 min, flame-~arresters which, when tested in accordancs
with 7.3.5, prevent flame transmission for this‘type of stabilized burning are suitable for tha
hazard, and they are classified as safe against endurance burning.

5.3 Index of tests

Flame arresters shall be tested to(the specific Equipment Group of the explosive gas-air o
apour-air mixture (see Table 3{columns 1 and 2).

[he tests to be conducted-are given in Table 2.
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Table 2 — Summary of tests to be conducted

Flame
Type of flame arrester transmission Burning test Flow test
test
Short time burn proof 7.3.4
End-of-line deflagration flame Endurance burn proof 7321 7.3.5 A3
arrester (DEF) —
No stabilised burn .
rating
Short time burn proof 7.3.4
In-line deflagration flame Endurance burn proof 7329 7.3.5 A2
arrester (DEF) "
No stabilised burn .
rating
Pre-volume flame arrester No stabilised burn
(VDEF) rating 7.3.2.3 — A.20orA3
Short time burn proof 7.3.4
Stable detonation flame
arrester without restriction Endurance burn proof 7.3.3.2 73¢ A.2
(DET4) No stabilised burn ~N
rating
Short time burn proof 7.3.4
Stable detonation flame Endurance burn proof 7333 7.3.5 A2
arrester with restriction (DET3) — e ’
No stabilised burn .
rating
Short time burn proof 7.3.4
Unstable detonation flame
arrester without restriction Endurance burn proof 7.3.3.4 735 A.2
(DET2) No stabilised burn N
rating
Short time burn proof 7.3.4
Unstable detonation flame Endurange burn proof 7335 7.3.5 A
arrester with restriction (DET1) ) U ’
No,stabilised burn .
rating
Liquid product detonation flame. [\No stabilised burn 8.3 . .
arrester (DET4+DET2) rating ’
Dynamic flame arrester Deflagration proof 9.2.1,9.2.2 and -
. - A.3.2and A4
(high velocity vent valve) (DEF) | £nqurance burn proof 9.2.3 924
Hydraulic flame arrester Short time burn proof 10.2.3, 10.2.4 10.2.2 —

Flow charts showing the decision processes for the evaluation of test results of a stable
jetonation arrester (DET3 and DET4) and an unstable detonation arrester (DET1 and DET2
bre’given in Annex D.

6 General requirements

6.1 Measuring instruments

Appropriate metrological traceable calibrated measuring instruments shall be used for the tests.

The uncertainty of measurement in the tests shall be such that it can be shown that all the
required test parameter limits are met.


https://standardsiso.com/api/?name=2d6738ea017239413854e63720ebcb99

ISO/IEC 80079-49:2024 © ISO/IEC 2024 —-17 —

6.2 Flow measurement (air)

The pressure drop across the flame arrester shall be tested before and after flame transmission
tests in accordance with Annex A at a volume flow that is suitable for identifying any alteration
(deformation) of the flame arrester, particularly of the flame arrester element. After flame
transmission testing, the pressure drop shall not differ by more than 20 % from the value
measured at the same flow rate before that testing. After short time burn test and after
endurance burn test, no additional flow measurement is required.

63— Ftametransmissiontest
5.3.1 General

All flame arresters shall be type tested against flame transmission. There shall be no pepmanen
isible deformation of the housing.

[he tests shall be specific for the basic types of operation (as specified in Table' 2 and in 3.17
B.18, 3.19 and 3.20) and shall be carried out in accordance with Clauses 7, 8, 9 or 10. One
lame arrester shall be used throughout all deflagration or detonation flame' transmission tests
No replacement parts or modifications shall be made to the flame arrester during these tests.

Short time and endurance burning tests shall be carried out in the orientation to be used in
service. Bi-directional flame arresters shall only be tested from“one side if the protected ang
inprotected sides are functionally equivalent.

All flame transmission tests shall be carried out with gas-air mixtures at ambient temperatures
f operational temperature is higher than 60 °C, tests shall be carried out at the maximuni
bperational temperature or higher, with only the. flame arrester being heated to the required
emperature, Ttg < 200 °C. Gas-air or vapour:air mixtures shall be as specified in 6.3.2. Thg

emperature shall be measured on the surface of the flame arrester element at the protected
bide, as close to the centre of the element\as possible.

-or the purposes of this document, Equipment Group |IC covers hydrogen and other gas-air o
apour-air mixtures with MESG Jessthan 0,5 mm, and Equipment Group IIB is divided into fou
ub-groups: 11B1, 1IB2, 1IB3 and“HB. Equipment Group IIA is divided into two sub-groups: 11A1
bnd IIA. This document covets deflagration and detonation tests for groups IIA, 1IB1, 1IB2, [IB3
IB and IIC. Group IIA1 shalhonly be used for the testing of deflagration flame arresters.

he limiting MESG values, which define the Equipment Groups |IA1, [IA, [IB1, 1IB2, 1IB3, IIB
hnd 1IC, are shown’in Table 3.

A\ flame arrester for a particular Equipment Group is suitable for explosive mixtures of anothe
jroup having-a greater MESG.

5.3.2 Test mixtures

able 3 Table 4 and Table 5-specify the mixtures for deflagrationand-detonationtestsshor

time burning and endurance burning tests.

Gas-air mixtures for testing shall be established with a concentration measuring instrument or
a MESG test apparatus.
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Table 3 — Specification of gas-air mixtures for deflagration and detonation tests

Range of application (marking) Requirements for test mixture
Equipment Group MESG Gas type g;f,g;:::]tg Ga‘s’;:‘u:; by |Safe gna]i[;ﬁ:‘rgas-air
mm % % mm

A1 21,14 Methane 298 8,4 +0,2 1,16 £ 0,02

1A @ 20,90 Propane 295 4,2+0,2 0,94 + 0,02
1B12 20,85 5,2+0,2 0,83 + 0,02
B2 2 20,75 Ethylene 298 5,7+0,2 0,73 + 0,02
11B3 2 20,65 6,6 £+0,3 0,67 @002

1B @ > 0,50 Hydrogen =99 45,0+ 0,5 0748 + 0,02

Ic < 0,50 Hydrogen 2 99 28,5+2,0 0,31 + 0,02

NOTE 1 The rankings in columns 1 and 2 are not comparable with the ranking in IEC 6007951.

NOTE 2 All stated limit deviations relate to the uncertainty of the measuring equipment.

@ With small diameters, it can be difficult to generate stable detonations. Tests_may be carried out using a gas-
air mixture of a lower safe gap.

Table 4 — Specification of gas-air mixtures for short time burning
tests and burning tests of dynamic flame arresters

Requirements for test mixture
Range of application (marking)
Gas type Gas purity by volume Gas in air by volume?
Equipment Group
% %

11A1 Methane > 98 9,5+0,2
1A Rropane 295 42 +0,2
11B1
11B2

Ethylene =98 6,6 £0,3
11B3
1B
IIC Hydrogen 299 28,5+2,0

@ Testing of dynamie flame arresters may require a variation in mixture composition (see also 9.2.4)
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Table 5 — Specification of gas-air or vapour-air mixtures
for endurance burning tests of static flame arresters

Requirements for test mixture
Range of application (marking) P
Gas or liquid Purity by volume Gasbvapolur In air
Equipment Group 2 y volume
% %
A1 Methane > 98 9,56+0,2
A Hexane =70 Z,TE0,1
11B1
11B2
Ethylene =98 6,6 £ 0,3
11B3
1B
IIC Hydrogen 299 28,5+ 2,0

@ The combustion reactions of pure hydrocarbons are different to other flammable gas€s and vapours including
alcohols, amines, acids, ketones, and aldehydes,) and therefore the range of applications is limited to pure
hydrocarbons (compounds containing only carbon and hydrogen).

f Specific requirements for static flame arresters

.1 Construction requirements for prototype arresters

Static flame arresters shall consist of a flame arrester element and a housing.

For flame arrester elements with quenchingwgaps, the dimensions and tolerances shall be
ndicated (for example, gap length and widthUof gap).

-or crimped ribbon flame arrester elements used for the test, the gaps shall not fall below the
ipper tolerance limits of the quenching gap over 90 % of the entire surface. The measuremen
bf the gaps shall be done at random sample points.

A\s an alternative to gap—~measurement, equivalent performance may be demonstrated by
performing a flow testiaccording to Annex A and comparing the results with a reference
pressure drop curvesprovided by the manufacturer. The pressure drops shall be equal to o
ower than the reference curve.

NOTE The intention of this requirement is to cover the worst-case scenario.
.2 Design series

Staticflame arresters of similar design, except endurance burning and pre-volume flame
brresters, may be grouped in a design series. The design series shall comply with the following

a) one drawing shall cover all nominal sizes in a design series and all parts shall be listed and
dimensioned,;

b) the flame arrester elements shall have identical features of construction, specifically the
quenching gaps. The length of the flame-quenching path can increase with the diameter, in
which case all intermediate sizes in between tested sizes shall have the same flame-
quenching path length as the larger tested size.
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Additional requirements for in-line flame arresters are the following:

— a design series is limited to a maximum of four consecutive nominal sizes according to
Table 6, even if the intermediate sizes are not included in the design series;

— If the largest and smallest nominal size of a design series are satisfactorily tested, the two
intermediate nominal sizes may be considered acceptable without testing. Each size larger
than 1 000 mm shall be tested.

— for every nominal size in a design series (maximum four), the ratio, R,, as calculated in
Eormula (1), shall not deviate h\ll more-than +10 % from the ratio of the Igrgncf nominal siz

of the four members:

RA:% (1

Concentric and eccentric shaped housings form different design series,

Table 6 — Design series

Nominal size of connection
mm
10 | 20 | 32
Es)zfiiegsn to | to | to |50(65|80|100|125|150 |200 |250 |3004350 400|450 | 500 [600 700|800 {900 |1 000
15 | 25 | 40

y.3 Flame transmission tests
y.3.1 General

Non-measurable types of flamé jarresters shall be equivalent in design, manufacture ang
construction to the test sample. The test pressure shall be at least 10 % higher than the
maximum operational pressure, pg, of the flame arrester.

Flame arresters with¢pressure/vacuum valve(s) integrated on the protected side shall have the
alve secured in the)fully open position, or the pressure/vacuum valve pallets shall be taken
but during the test;

Flame arressters with pressure/vacuum valve(s) integrated on the unprotected side shall have
he valve\pallets installed and blocked open to provide a gap of (2,5 + 0,5) mm during each test

nldine'flame arresters directly combined with separate pressure/vacuum valves shall be tested
ceording to the procedure in 7.3.2.2 with /., = 10 x D and at the intended maximum relievin

pressure of the system.

NOTE These end-of-line venting systems can be classified as follows:
a) as end-of-line deflagration arresters, in accordance with 7.3.2.1;

b) as end-of-line deflagration arresters, in accordance with 7.3.2.1, and with a short time burning test, in accordance
with 7.3.4;

c) as end-of-line deflagration arresters, in accordance with 7.3.2.1, and with an endurance burning test, in
accordance with 7.3.5.

The temperature at which the testing is performed shall be given in the test report.
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7.3.2 Deflagration test
7.3.2.1 End-of-line flame arrester

The test apparatus is as shown in Figure 1. Distances shall be measured from the top of the
complete flame arrester.

For end-of-line flame arresters with non-measurable elements, it might be necessary to
pressurize the plastic bag (see 14.1). In this case, the mixture outlet (item 6 in Figure 1) shall

ha fittnd \with o chit ~ff alyn
pC—TrtC oWt STt Ot vV arv e

Assemble the flame arrester with all ancillary equipment, including weather cowls or'othe
covers, and enclose it in a plastic bag.

Fill the apparatus, fully inflating the bag with a mixture as specified in 6.3.2. Isolate)the mixture
Eupply and ignite. The ignition source shall be a spark plug or a igniter (maximam'energy 1 kJ)
Carry out two tests for each ignition point so that a total of six testsowill result. Flame
ransmission shall be indicated by the flame detector on the protecCted side. No flamsg
ransmission shall occur in any of the tests.

f the largest and smallest nominal sizes of a design series are satisfactorily tested, intermediatg
bizes may be considered acceptable without testing.

Dimensions in metres

|
N =

3
~N b~ O

IEC

Key

ignition sources

4l
tr

plastiebag{(B=42-mleng
end-of-line flame arrester
explosion-pressure-resistant containment (vessel or closed pipe work)
mixture inlet with shut-off valve

mixture outlet with shut-off valve

bursting diaphragm

0o N o g b~ W

flame detector for recording

Figure 1 — Test apparatus for end-of-line flame arrester for deflagration test
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7.3.2.2 In-line flame arrester

The test apparatus is shown in Figure 2. The ignition source shall be a spark plug fitted in the
centre of the blind flange.

The pipe diameter, D, shall have the same size as the flame arrester connection. The pipe
length, L, shall be not less than 10 x D and not greater than 50 x D for hydrocarbon-air
mixtures (IIA1, 1A, [1IB1, 1IB2 and 1IB3) and not greater than 30 x D for hydrogen-air mixtures
(1B and IIC). The pipe length, L, shall be 50 x D.

NOTE It is common practice that the pipe length, L , be given by the manufacturer. In case of successful testing
L, will be the maximum allowable run-up length for practical installations (see E.2.1).

t is possible in larger pipe sizes to approach the transition from a deflagration to-a,detonation
vhen testing at raised ptg and L, = 50 x D. If a deflagration to detonation transition-is indicated

hen testing with lower L, is appropriate.

Fhe flame velocity shall be measured by two flame detectors fittéd, to the pipe on the
inprotected side, in accordance with Figure 2. The distance b between the two flame detectors
bhall be in accordance with Figure 2. The pressure shall be recorded by a pressure recording
Eystem, with a limiting frequency = 100 kHz, fitted to the pipe.on the unprotected side, at g
listance a in accordance with Figure 2.

! b |a asiil
@R @R
/
7

blind flange with ignition source

IEC

Key

mixture inlet

unprotected\pipe (length, L ; diameter, D)
i flame detectors for recording
in-line*deflagration flame arrester

pressure transducer for recording

flame detector for recording
8 protected pipe (length, Ly diameter, D)
9 mixture outlet
10 blind flange or other closure
a<2x%xD,buta=<250mm
5xD>b23x%xD

Figure 2 — Test apparatus for in-line flame arrester for deflagration test
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Fill the apparatus with a test mixture as specified in 6.3.2 and pressurize to ptg when p1g 2 p,
(where pg is the maximum operational pressure requested by the manufacturer or user). In six

consecutive tests, no flame transmission shall occur for the arrester to pass. A flame
transmission is indicated by the flame detector on the protected side.

The flame velocities, maximum explosion pressures and pipe length (L) in each test shall be
documented.

[-3.2.3—  Pre-votume flame arrester

[he test apparatus is shown in Figure 3.

For pre-volume flame arresters with non-measurable elements, it might be necessary tg
bressurize the plastic bag (end-of-line application, see 14.1). In this case, the, mixture outle
item 6 in Figure 3) needs to be fitted with a shut-off valve.

Pre-volume flame arresters shall be tested using the original configuration or equivalent full;
Ecale model configuration.

Pre-volume applications using end-of-line types shall be enclosed-in a plastic bag, as shown in
Figure 3.

Pre-volume applications using in-line types shall be connected to the actual pipe work o
bquipment on the protected side, or to pipe work simulating the actual length, diameter ang
olume.

Flame transmission shall be indicated by the following:

h) for end-of-line types, by visual observation of the ignition of the mixture in the plastic bag
(2); a flame detector in addition is optional;

p) for in-line types, by the flame detector (7).
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6.

N

IEC

Key

ignition sources (for example, spark plug)

plastic bag (4 = 1,2 m; length = 2,5 m; foil thickness = 0,05 mm)
end-of-line flame arrester

L in-line flame arrester

b explosion-pressure-resistant containment (vessel or closed pipe 'work)
mixture outlet with shut-off valve

[ flame detector for recording

original or simulated pipe work with mixture outlet-and shut-off valve
D bursting diaphragm

0 pressure transducer for recording

1 mixture inlet with shut-off valve

Figure 3 — Test apparatus for pre-volume flame arrester for deflagration test

f the enclosure has more than one outlet, all flame arresters shall be used and tested
Eimultaneously.

-ill the enclosuré-and the plastic bag or pipe with a mixture as specified in 6.3.2. Disconnec
he mixture supply and ignite separately at three positions inside the enclosure: one as close
hs possible.to the flame arrester, one at the most likely position of an ignition source and one
hs far away'‘from the flame arrester as possible.

Carfy 'out two tests for each position resulting in a total of six tests. No flame transmission shal
Decur in any of the tests for the arrestor to pass.

All types and sizes shall be tested.

7.3.3 Tests for detonation flame arresters
7.3.3.1 General

Detonation flame arresters tested for unstable detonations with restriction (see 7.3.3.5) are
classified as Type 1.

Detonation flame arresters tested for unstable detonations without restriction (see 7.3.3.4) are
classified as Type 2.


https://standardsiso.com/api/?name=2d6738ea017239413854e63720ebcb99

ISO/IEC 80079-49:2024 © ISO/IEC 2024 - 25—

Detonation flame arresters tested for stable detonations with restriction (see 7.3.3.3) are
classified as Type 3.

Detonation flame arresters tested for stable detonations without restriction (see 7.3.3.2) are
classified as Type 4.

7.3.3.2 Stable detonation without restriction (Type 4)

The test apparatus is shown in Figure 4.

[he pipe diameter, D, shall have the same size as the flame arrester connection.

he pipe on the unprotected side shall have a length, L, sufficient to develop;a stablg

jetonation and shall have a blind flange or an explosion-pressure-resistant contajnnjent (vesse
br closed pipe work) fitted with an ignition source. The pipe may also contain a flame accelerato
o reduce the pipe length for stable detonation conditions.

[he pipe on the protected side shall have a length, Lp, of 10 x D, butinot less than 3 m. The
plind flange or other closure shall resist the shock pressures duringitesting.

For measuring flame velocities and detonation pressures, four{flame detectors and a pressure
ransducer with a limiting frequency = 100 kHz, shall be fitted to the pipe on the unprotected
side. The position of the flame detectors and the pressufe)transducer shall be in accordance
vith Figure 4.

Dne flame detector shall be fitted to the pipe>on the protected side to indicate flame
ransmission.

he apparatus shall be filled with a test mixture as specified in 6.3.2, and at a pressure of, ptg
vhen ptg 2 pg. Under these conditions, five tests shall be carried out.

n each test, the difference between the flame velocities measured by two pairs of flamsg
jetectors (see Figure 4) shall not’exceed 10 % of the lower value.

NOTE Typical detonation velacities are = 1 600 m/s for hydrocarbon-air mixtures (llA, 1IB1, 1IB2 and 1IB3) ang
e 1 900 m/s for hydrogen-airimixtures (1B and IIC).

he pressure time tecord shall indicate a stable detonation shock wave.
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mixture inlet

explosion-pressure-resistant containment (vessel or closed pipe work) or blind flangé
ignition source (for example, spark plug)

I unprotected pipe (length, L ; diameter, D)

flame detectors for recording of the flame velocity measurement
pressure transducer for recording

[ detonation flame arrester

flame detector for recording

b protected pipe (length, Ly diameter, D)

0 blind flange or other closure

1 mixture outlet

= (200 £ 100) mm

23 x D, buth =100 mm

2100 mm

Figure 4 = Test apparatus for detonation flame arrester
for detonation without restriction

Until the arrival of a-stable detonation shock wave, the pressure (see item 6 in Figure 4) shal
emain constantatptg. If not, a longer pipe or turbulence promoting equipment may be used.

[he average.value p, 4 of the detonation pressure shall be calculated from the area integra

below the pressure-time trace, starting at the maximum pressure peak and covering a timsg
nterval of 200 pus.

he average value Prroret shall he calculated ar‘hnrrﬁng to Formula (‘7):

t
J‘ Ppeak+200 us p(t)dt
!Ppeak (2)

200 ps

Pmd =

The ratio p,4/p1g, With regard to mixture and pipe size, shall correspond to the values given in
Table 7 with a maximum deviation of £20 %.
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When the p,,4/p1g ratio exceeds the quoted values of Table 7 by more than 20 % and flame

transmission occurs, the detonation might still be overdriven and it is advisable that a longer
pipe or turbulence promoting equipment be used.

Table 7 — Ratio p,4/p18

Ratio p _ /p;g for pipe diameter, D
Equipment Group mm
D=80? 80<D <150 150 <D < 1000 D 21000
A 10 12 14 16
11B1 9 11 13 14
11B2 9 11 13 15
11B3 10 12 14 16
1B 8 10 10 12
Ic 8 8 8 8

2 If for pipe diameters < 80 mm the quoted pressure ratio is not achieved, tests shalkbe carried out using a gas-
air mixture of a lower safe gap to qualify the arrester as a detonation flame arrester.

n addition, deflagration tests shall be carried out wherethe basic test set-up shall be in
hccordance with Figure 4, with Ly= 50 x D, as follows:

h) five deflagration tests with
e L, /D =50forllA, 11B1, 1IB2 and IIB3, or

e L /D =30 forllB and IIC.
he ignition source for these deflagration tests shall be a spark plug fitted in the centre of the

blind flange. For these deflagration {ests, flame velocity measurements are not required to be
eported.

[he initial pressure, deflagration and stable detonation pressure, the values of p,,4/ptg and alsd
hny flame velocities recorded during the tests shall be reported.

A\n arrester of this type shall prevent flame transmission in any of these stable detonation ang
jeflagration tests.

y.3.3.3 Stable detonation with restriction (Type 3)

[he test\apparatus is shown in Figure 5.

[he,pipe diameter, D, shall have the same size as the flame arrester connection.

The pipe on the unprotected side shall have a length, L, sufficient to develop a stable
detonation and shall have a blind flange or an explosion-pressure-resistant containment (vessel
or closed pipe work) fitted with an ignition source. The pipe may also contain a flame accelerator
to reduce the pipe length for stable detonation conditions.

A restriction shall be fitted at L, /D = 4. The pipe on the protected side shall have a length, Ly,
of 14 x D but not less than 3 m after the restriction. The restriction shall consist of a blind flange
with a central bore. The central bore shall have 2,5 % of the cross sectional area of the pipe.
The closed pipe end and the restriction shall resist the shock pressures during testing.
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For measuring flame velocities and detonation pressures, four flame detectors and a pressure
transducer with a limiting frequency = 100 kHz shall be fitted to the pipe on the unprotected
side. The position of the flame detectors and the pressure transducer shall be in accordance
with Figure 5.

230xD r

R V7

IEC

Key

mixture inlet

explosion-pressure-resistant containment (vessel or closed pipe work) or blind flange
ignition source

I unprotected pipe (length, L ; diameter, D)
flame detectors for recording the flame velocity
pressure transducer for recording

[ detonation flame arrester

flame detector for recording

D protected pipe (length, Lp; diameter, D)

0 blind flange or other closure

1 mixture outlet

2 restriction (L, = 4 x D)

= (200 £ 100) mm

23 x D, but » 2 100"mm

=100 mm

Figure 5 S5-Test apparatus for detonation flame arrester for detonation with restriction

Dne, flame detector shall be fitted to the pipe on the protected side to indicate flamsg
ransmission.

The apparatus shall be filled with a test mixture as specified in 6.3.2, and at a pressure of p1g
when p1g 2 pg. Under these conditions, five tests shall be carried out.

In each test, the difference between the flame velocities measured by two pairs of flame
detectors (see Figure 5) shall not exceed 10 % of the lower value.

NOTE Typical detonation velocities are =2 1 600 m/s for hydrocarbon-air mixtures (Il1A, 1IB1, [1B2 and 1IB3) and
= 1 900 m/s for hydrogen-air mixtures (IIB and IIC).

The pressure time record shall indicate a stable detonation shock wave.
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Until the arrival of a stable detonation shock wave, the pressure (see item 6 in Figure 5) shall
remain constant at pg. If not, a longer pipe or turbulence promoting equipment may be used.

The average value, p 4, Of the detonation pressure shall be calculated from the area integral

below the pressure-time trace, starting at the maximum pressure peak and covering a time
interval of 200 ys. The ratio p,4/ptg, With regard to mixture and pipe size shall correspond to

the values given in Table 7, with a maximum deviation of £20 %.

e b, q/PTg €XCeeds the quoted vatues of Tabte 7 by more tham 20~ % and fiame transmissio

bccurs, the detonation might still be overdriven and it is advisable that a longer pipg)'0
urbulence promoting equipment be used.

n addition, deflagration tests shall be carried out, where the basic test set-up_shall be in
accordance with Figure 5, with L, =4 x D and L, = 54 x D, as follows:

h) five deflagration tests with /D = 5, and
b) five deflagration tests with

e L /D =50 forllA, 11B1, 1IB2 and IIB3, or
e L /D =30 forllB and IIC.

he ignition source for these deflagration tests shall be asspark plug fitted in the centre of the
blind flange. For these deflagration tests, flame velocity_Uméasurements are not required to be
eported.

[he initial pressure, deflagration and stable detomation pressure, the values of p.,,4/ptg and alsd
hny flame velocities recorded during the tests.shall be reported.

An arrester of this type shall prevent flame transmission in any of these stable detonation ang
jeflagration tests.

y.3.3.4 Unstable detonation without restriction (Type 2)

[he test apparatus is shown=in Figure 4.
he pipe diameter, D;shall have the same size as the flame arrester connection.

he pipe on the-unprotected side shall have a length, L, sufficient to develop an unstablg

jetonation and'shall have a blind flange or an explosion-pressure-resistant containment (vesse
br closed _pipe work) fitted with an ignition source. The ignition source may be mounted to the
ivall of the unprotected pipe. The pipe may also contain a flame accelerator to reduce the pipe
ength.for unstable detonation conditions.

he pipe length and canfiguration on the unprotected side and the location of the ignition source
shall, after ignition, produce an unstable detonation at the detonation flame arrester.

The pipe on the protected side shall have a length, Ly, of 10 x D, and not less than 3 m. The
blind flange or other closure shall resist the shock pressures during testing.

Four flame detectors and a pressure transducer shall be fitted to the pipe on the unprotected
side to record flame velocities and pressures respectively. One flame detector shall not be more
than 200 mm from the flame arrester connection. One flame detector shall be fitted to the pipe
on the protected side to indicate flame transmission.
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For the purposes of this document, a characteristic of an unstable detonation is p,, of not less
than 2,5 x p,4 for pipe diameters <100 mm, and 3 x p, 4 for pipe diameters 2 100 mm. Values
of p,q shall be taken from Table 7 with regard to pg.

The unprotected side pipe length and configuration for these tests can be found by varying the
distance between the ignition source and the flame arrester until the recorded flame velocities
reach a maximum (above those of stable detonations). The distribution of more than four flame
detectors along the pipe will make it easier to find the transition point. Direct initiation, for

vampln h\]/ solid detonators or |r\ng accelerator sections-should be avoided
*HAP+6—B Ho—G610Ra10S—O0Fr—+6Rg—< +Heatod HOA AoLHG—HB63aVo1a60-

he apparatus shall be filled with a test mixture as specified in 6.3.2, at a pressure, prg,\Wher
p18 2 Po-

Jnder these conditions, five tests shall be carried out.

n addition, deflagration tests shall be carried out, where the basic test 'set-up shall be in
hccordance with Figure 4, with Ly = 50 x D, as follows:

Five deflagration tests with

- L,/D =50 for IIA, 1IB1, [IB2 and 1IB3, or
- L,/D =30 for IIB and IIC.
he ignition source for these deflagration tests shall\be a spark plug fitted in the centre of the

blind flange. For these deflagration tests, flame velocity measurements are not required to be
eported.

[he initial pressure, deflagration and unstable detonation pressures, the values of p,4/p1g and
hlso any flame velocities shall be reported.

An arrester of this type shall prevent flame transmission in any of these deflagration ang
instable detonation tests.

y.3.3.5 Unstable detonation with restriction (Type 1)

[he test apparatus is shown in Figure 5.

[he pipe on the~protected side shall have a length, Ly, of 54 x D. A restriction shall be fitted a
L./D = 4. Thegestriction shall consist of a blind flange with a central bore. The central bore shal

nave 2,5/% 'of the cross sectional area of the pipe. The closed pipe end and the restriction shal
esist the.shock pressures during testing.

[he) test procedure for unstable detonation testing as well as the characteristic of an unstable
defonation shall be In accordance wiih 7.3.3.4.

In addition, additional deflagration tests shall be carried out completely in accordance with
7.3.3.3.

An arrester of this type shall prevent flame transmission in any of these deflagration and
unstable detonation tests.

7.3.4 Short time burning test

The test apparatus is shown in Figure 6 for an in-line and end-of-line flame arrester.
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explosion-pressure-resistant containment (vessel or closed pipe work)
in-line flame arrester

end-of-line flame arrester

L outlet pipe

b temperature sensor for recording for tests only
pilot flame

[ mixture inlet

integrated temperature sensor for alarm

b flame detector for recording

0 bursting diaphragm

1 pressure transducer for recording (only necessary for ¢z > 1 min)

2 valve (only necessary for 75 > 1 min)

Figure 6 — Test apparatus for short time burning test

For flame arresters whose.intended operating conditions are outside the atmospheric conditions
hs given in Annex E, the-test of inline flame arresters shall be carried out with the test pressure
pqual or greater than\the intended maximum operation pressure and test gas temperature equa
br greater than thé.intended maximum operating temperature. The test of inline flame arresters
iith 15+ = 1 mimmay be carried out under atmospheric conditions.

A\ flow megasurement system shall be used to measure the mixture flow rates. The flame arreste
shall be-fitted with a temperature sensor for the test only. This sensor shall be mounted close
o the¢surface of the flame arrester element on the protected side close to the centre of the
Cross sectional area of the flow.

The tests shall be carried out using a test mixture as specified in Table 4. First, the critical flow
rate, V,, shall be calculated from the open area, 4, of the surface of the flame arrester element

on the unprotected side and from the size and number of apertures per unit area. Assuming a
uniform velocity of 75 % of a burning velocity, v;, of the mixture across this area, calculate a

critical flow rate, VC, according to Formula (3):

V.=0,75xdgxv, (3)
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where
v;  =0,5m/s for lIA1 and lIA;

v; =0,8m/sforlIB1, [IB2, IIB3 and IIB;

v; =3 m/sforllC.

For non-measurable flame arrester elements, the critical flow rate, VC, may be obtained by
using the same principle. The free area, 4,, of the flame arrester element surface can be
pstimated according to Formula (4):

AO :RUXAt (4

lhe tests shall be carried out with a continuously operated pilot flame ar spark. Ignite the
mixture until the flame has stabilized on the surface of the flame arrester'element. After flame
btabilization, continue burning for the burning time, tg1, specified/by the manufacture

1 min < tg1 < 30 min). Record the temperature indicated by the test'temperature sensor afte

hat time and stop the flow. No flame transmission shall occur during the tests or when the flow
s stopped.

Carry out this test procedure with flow rates VC, 0,5VC and 1,5VC. In each of these tests, thg

lame arrester shall be at ambient temperature at the beginning. If Vc results in the highes

emperature reading of the three tests, then Vm =J .. If not, carry out two further tests with flow
ates 50 % and 150 % of the flow rate which-gave the highest reading in the first three tests
Vm will be the flow rate that results in theshighest temperature reading in all five tests. Wher

jetermining the flow rate Vm, flame arrester elements may be replaced between the tests. |
he flame arrester elements have.been replaced, a final test shall be carried out with the flow
ate Vm, using the original flame-arrester element, without modification, that was used for thg
jeflagration or detonation test

n any of the tests, the integrated temperature sensor(s) (8) shall produce a signal that can bsg
Ised to activate counter measures within a burning time of 50 % of the manufacturer's specified

. . t .
burning time, gy Where % < 15 min.

/Vhen using'an integrated temperature measuring system, it shall record a temperature rise no

less-than 60 K after a burning time of not more than ﬂ.

A flame transmission is indicated by the flame detector (9). No flame transmission shall occur
during the tests or when the flow is stopped. The burn time without flash back shall be recorded
as the burning time, g, expressed in minutes.

If the largest and smallest nominal sizes of a design series are satisfactorily tested, the
intermediate nominal sizes may be considered acceptable without testing, but these flame
arresters shall be marked with the shortest burning time, rzg1, found in the experimental tests.
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7.3.5 Endurance burning test

The test apparatus is shown in Figure 7 for an in-line and end-of-line flame arrester.

For flame arresters whose intended operating conditions are outside the atmospheric conditions
as given in Annex E, the test of inline flame arresters shall be carried out with the test pressure
equal or greater than the intended maximum operation pressure and test gas temperature equal
or greater than the intended maximum operating temperature.

flow meter shall be used to measure the mixture flow rate. The tlame arrester shall be fitted
vith two temperature sensors for the test only.

Dne temperature sensor (6) shall be mounted on the protected side. The locatidn) of this
emperature sensor shall be left to the discretion of the test laboratory.

Another temperature sensor (9) shall be fitted to the unprotected side to detect the stabilized
lame (start of burning load).

he tests shall be carried out using a mixture as specified in Table 5.
7
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outlet pipe

in-line flame aftrester

end-of-line.flame arrester

L explosioen’pressure-resistant containment (vessel or closed pipe work)
mixture inlet

temperature sensor for recording for tests only

7 pilot flame or spark igniter

8 flame detector for recording

9 test temperature sensor for alarm to detect stabilized flame
10 bursting diaphragm

11 pressure transducer for recording

12 valve

Figure 7 — Test apparatus for endurance burning test
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First, the critical flow rate, VC, shall be calculated from the open area, 4, of the surface of the
flame arrester element on the unprotected side and from the size and number of apertures per
unit area. Assuming a uniform velocity of 75 % of a burning velocity, v|, of the mixture across

this area, calculate a critical flow rate, VC, according to Formula (3) in 7.3.4.

For non-measurable flame arrester elements, the critical flow rate, Vc, may be obtained by
using the same principle. The free area, 4,, of the flame arrester element surface can be
pstimated according to Formula (4) in 7.3.4.

lhe tests shall be carried out with a continuously operated pilot flame or spark. Ignite’ the
mixture until the flame has stabilized on the surface of the flame arrester element.

Carry out the following preliminary testing for critical flow rates.

\fter flame stabilization, continue burning until the protected side temperature sensor indicates
h temperature rise of 20 K and then stop the flow. Record the time from’ stabilization of the
lame to the 20 K temperature increase.

Carry out this test procedure with flow rates VC, 0,5VC and 1,5VC. In each of these tests, thg
lame arrester shall be at ambient temperature at the start.

f VC results in the shortest time to 20 K temperatute.increase, then Vm =V .. If not, carry ou
wo further tests with flow rates 50 % and 150 %-&f the flow rate which gave the shortest timg
n the first three tests. Vm will be the flow rate\that results in the shortest time in all five tests

Vhen determining the flow rate Vm, flamg~arrester elements may be replaced between thg
ests.

Fhe endurance burn test shall pe carried out with the flow rate Vm, using the original flamg
prrester element, without modification, that was used for the deflagration or detonation test
Maintain the mixture composition and the flow rate Vm (x5 %) until a stable temperature is

bstablished at the temperature sensor on the protected side. The temperature on the protected
side shall be stable within £5 K over at least 10 min. The flow of the mixture shall be stopped
vhen a stable temperature is established, but not before 2 h of burning.

lhe flame detector (8) shall indicate any flame transmission. No flame transmission shall occu
juring the_tests or when the flow is stopped.

All types and nominal sizes shall be tested.

fodificationsthratdo ot thange the framearrester efementamd-are part of thehousimgtowtict
the flame arrester element is fitted do not require retesting, for example, flame arresters with
integrated pressure/vacuum valves.

8 Specific requirements for liquid product detonation flame arresters

8.1 Liquid seals

A flame arrester consisting of a liquid seal formed by the liquid product may be an end-of-line
flame arrester (see Figure 8 a)) or an in-line flame arrester (see Figure 8 b)).
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The housings for liquid seals suitable for emptying operations shall incorporate a safety device
that prevents loss of the sealing liquid.

(.
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IEC IEC
a) End-of-line flame arrester b) In-line flame arrester

Key

housing

overflow pipe/outlet pipe
immersion pipe

L immersion depth

b filling height

Figure 8 — Liquid product.detonation flame arrester

8.2 Foot valves

[here shall be an end-of-line flame arrester incorporating a non-return valve (foot valve) in arn
mmersion cup, providing an immersion depth of not less than that specified by the
manufacturer. A screen or perforated plate shall protect the valve seat from solid particles (see
Figure 9).

IEC

Key

1 valve housing
valve disc
immersion cup

perforated plate or screen

a A W N

immersion depth

Figure 9 — End-of-line flame arrester incorporating a non-return valve (foot valve)
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8.3 Flame transmission test

Liquid product detonation flame arresters shall be tested under atmospheric conditions for
detonations only. The flame arrester shall be filled either with the liquid to be used in operation,
or alternatively with gasoline having a boiling range from 100 °C to 140 °C. These liquids may
also be used in tests for Group IIB mixtures. The filling height shall be recorded (see Figure 8
and Figure 9).

In-line and end-of-line flame arresters shall be tested so that the detonation characteristics as
J;VUII ill 7332 dlld, If Ilcbcbbdly, ill 7334, dl'© IIIUt, but ubillg thU tcbt appalaiua thVVII ;I
Figure 10. On the basis of the operational conditions for these flame arresters, only three
jetonation tests with the respective characteristics shall be carried out.

[he flame arrester test shall be carried out in the orientation required in service.

[he foot valve shall be opened for the test to present a gap at least equal to or'greater than the
ppening in the screen or perforated plate used to protect the valve seat from-solid particles.
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mixture inlet

explosion-pressure-resistant containment (vessel or closed pipe work)
ignition source

I unprotected pipeg, (fength, L ; diameter, D) with bypass

flame deteetors for recording the flame velocity measurement
pressure transducer for recording

[ liguid~product detonation flame arrester

plastic bag (@ =2 1,2 m; length = 2,5 m; foil thickness = 0,05 mm)

9 mixture outlet (bypass)
a = (200 £ 100) mm
b23 x D, butb=100 mm

¢ 2100 mm

Figure 10 — Test apparatus for liquid product detonation flame arresters
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9 Specific requirements for dynamic flame arresters (high velocity vent valves)

9.1 General
Dynamic flame arresters shall be tested for flame transmission (see 9.2). All types and sizes

shall be tested. Testing shall be carried out at the lowest setting and closing pressure specified
by the manufacturer.

NOTE The minimum efflux velocity is typically 30 m/s.

[he set pressure, closing pressure and flow rate at closing point, VCL, of the dynamic flame
prrester shall be specified.

Dynamic flame arresters with more than one nozzle shall have each nozzle tested for flame
ransmission. During the flame transmission tests, the dynamic flame arrester shall bsg
combined as one flame arrester.

Dther openings (for example, drain plug) shall be tested in accordance-with their operatiorn
brinciple.

he tests shall be carried out with the same test sample without adjustments and withou
eplacement of components.

For endurance burn proof dynamic flame arresters, théctest order shall start with endurance
burning according to 9.2.4.

For the tests described in 9.2, the completion of the undamped oscillation test in accordance
vith A.4 shall be carried out to provide Ly, Dy and V.

t.z Flame transmission tests
.21 Low flow flame transmission test

he test apparatus is shown in Figure 11. The pipe length and the pipe diameter between the
explosion-pressure-resistant .containment and the dynamic flame arrester shall be L), and Dy

nd the volume of the explosion-pressure-resistant containment shall be V), (given in A.4). A
smaller volume than~¥);"may be used providing that it does not increase the risk of flamg
ransmission.

NOTE 1 If the »alye displays undamped oscillation (hammering) according to A.4, it is an indication that the volume
ised is too small.

A\ temperature sensor for testing shall be attached to the dynamic flame arrester as close as
possible to the stabilized flame (for example, at the valve seat). Ignition shall be maintained by
h permanent pilot flame. The pilot flame shall be positioned as close as possible to the mixture
butliet to ntmnelnhnrn, bhut far pnnngh away from the mixture aoutlet to avoid hquing’ Q
influencing the correct operation of, the dynamic flame arrester. The pilot flame shall burn
propane and provide a stabilized pilot flame.

A gas-air mixture as specified in Table 4 shall be fed into the explosion-pressure-resistant
containment. The flow rate into the explosion-pressure-resistant containment shall be increased
in four steps. The step width depends on the dynamic flame arrester characteristic, as follows:
— for a dynamic flame arrester with VC,_> 0, the step width shall be 0,2xVCL with a starting

point of 0,2xVCL ;
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— for a dynamic flame arrester with VCL =0, the step width shall be 20 % of the flow rate of

the fully open dynamic flame arrester. The starting point shall be 10 % of the flow rate of
the fully open dynamic flame arrester.

The duration of each test step shall be chosen depending on the dynamic flame arrester action,
as specified below.

a) If at some point during the sequence of tests the dynamic flame arrester remains in the open
position while steadily relieving, the test shall be stopped (for example, by a shut-off valve),
thereby forcing the dymamic flfame arrester to ciose.

b) If the dynamic flame arrester varies periodically between the closed and open position
associated with a varying pressure in the containment, the test duration shall be a mihimuni
of 5 min or 50 open/closed cycles and shall furthermore cover a minimum of five)closing
actions before the next flow rate step is adjusted.

f the flow rate readings vary due to the opening and closing cycles (see case\b) above), thg
hppropriate averaged flow rate shall be used.

his procedure shall be carried out with the dynamic flame arrester in{he’ upright position. The
ests shall be repeated with the dynamic flame arrester inclined™(10 + 1)° to the vertica
brientation, unless the use is limited to fixed vertical applications without changing of inclination
juring operation.

NOTE 2 Testing in the inclined position is intended to simulate motiofi 6f'the dynamic flame arrester, for example
n marine vessels.

No flame transmission shall occur during these tests:
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flame

dynamic flame arrester
explosion-pressure-resistant containment
3 mixture inlet

b bursting diaphragm

temperature sensor for recording (for tests only)
[ pilot flame

flame detector for indication

D flow meter for recording

0 shut-off valve

1 pressure sensor for recording

D\, diameter of the pipe on the protected side determined in accordance with A.4
L., pipe length upstream of the dynamic flame arrester determined in accordance with A.4

'm  volume of the explosion-pressure-resistant containment

Figure 11 <(Test apparatus for determining the non-hammering
conditions for dynamic flame arresters

9.2.2 Flame transmission test by opening and closing

[he test apparatus is shown in Figure 11. The pipe length and the pipe diameter between thg
explosion-pressure-resistant containment and the dynamic flame arrester shall be Ly, and Dy

hnd thesvelume of the explosion-pressure-resistant containment shall be 7y, (given in A.4)
A smaller volume than V), may be used providing that it does not increase the risk of flamg
ransmission.

NOTE 1 |If the valve displays undamped oscillation (hammering) according to A.4, it is an indication that the volume
used is too small.

A temperature sensor for testing shall be attached to the dynamic flame arrester as close as
possible to the stabilized flame (for example, at the valve seat). Ignition shall be maintained by
a permanent pilot flame. The pilot flame shall be positioned as close as possible to the mixture
outlet to atmosphere, but far enough away from the mixture outlet to avoid heating, or
influencing the correct operation of, the dynamic flame arrester. The pilot flame shall burn
propane and provide a stabilized pilot flame.
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The dynamic flame arrester shall be subjected to 50 open/closed cycles, using a gas-/air-
mixture as specified in Table 4. During the 50 cycles the mixture shall be ignited by a pilot flame
close to the outlet. This test can be disregarded if 50 open/closed cycles have been observed
during the low flow flame transmission tests.

This procedure shall be carried out with the dynamic flame arrester in the upright position. The
tests shall be repeated with the dynamic flame arrester inclined (10 + 1)° to the vertical
orientation, unless the use is limited to fixed vertical applications without changing of inclination
during operation.

NOTE 2 Testing in the inclined position is intended to simulate motion of the dynamic flame arrester, for example
n marine vessels.

No flame transmission shall occur during the test.

9.2.3 Deflagration test

Deflagration tests shall be carried out according to 7.3.2.1.

9.24 Endurance burning test

[he test apparatus is shown in Figure 11. The pipe length, L, between the explosion-pressure
esistant containment and the dynamic flame arrester shall(not exceed Ly,. A temperaturg

ensor for testing shall be attached to the dynamic flame~arrester as close as possible to the
btabilized flame (for example, at the valve seat). Ignition’ shall be maintained by a permanen
bilot flame. The pilot flame shall be positioned as close as possible to the mixture outlet tg
btmosphere, but far enough away from the mixtureioutlet to avoid heating or influencing the
correct operation of, the dynamic flame arrester. The pilot flame shall burn propane and provide
h stabilized pilot flame.

Jsing a gas-air mixture as specified in Table' 4, the pressure in the explosion-pressure-resistan
containment shall be increased to force) the dynamic flame arrester open and then shall be

maintained at 10 % above the established closing pressure. The corresponding flow rate, 7

shall be recorded. If no stabilized burning is possible under these conditions, the mixture shal
be gradually enriched until the flame is stabilized. Without changing that mixture composition

he flow shall be increasedtin increments of 20 % of 7, and after each increment, the flow
shall be maintained until the temperature rise is less than 10 K/min, but for a minimum of 5 min

When the temperature starts to decrease, the flow rate VE is the maximum flow rate that shal

pbe used in this\test. The flow rate shall then be reduced in increments of 10 % of VE and afte

bach step_Shall be maintained until the temperature change is less than 10 K/min, but for 3
minimunof 5 min. Flow rates for which the corresponding temperature has been recorded neeg

not b&repeated, and tests need not be made at flow rates below VO. Upon completion, the flow

ateyielding the highest temperature shall be recorded as I}m and the burning at that rate shal

be continued until the change of temperature indicated by the test temperature sensor does not
exceed 5 K in 10 min.

For enriched mixtures, the concentration shall be gradually reduced as far as possible towards
the initial value (see Table 4) keeping the flame stabilized. The flow shall be stopped and no
flame transmission shall occur.
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10 Specific requirements for hydraulic flame arresters

10.1 Equipment

Hydraulic flame arresters are in-line flame arresters. An example is shown schematically in
Figure 12. They consist of a mixture inlet (3), a container (1) with a water seal (12), one or more
immersion pipe(s) (2) and a mixture outlet (16). The design and construction shall ensure that
the immersion depth is always constant within £5 mm.

Hydraulic flame arresters shall include the following features:

n) a level indicator with an optical display (4) for the immersion depth at rest (Zg) and thg
operational immersion depth (Z);

b) automatic equipment (5) to maintain the water level above the minimum)operationa
immersion depth (Zyin);

C) a temperature sensor (8) for the water seal;

) an integrated temperature sensor (7) above the water seal (12) {0 indicate a stabilizeg
flame.

10.2 Flame transmission tests
10.2.1 General

Hydraulic flame arresters shall be tested for short time burning, deflagration and stable
jetonation in succession. Before ignition, mixtures.shall be at ambient conditions on the
inprotected side. Each test shall be carried out with the minimum immersion depth at res
Zrmin) Which corresponds with the minimum operational immersion depth (Zy,,i,) specified by

he manufacturer. The flow rate of the mixturesshiall be measured with a sensor (9) at the inlet
hnd flame transmission shall be detected with'a flame detector (18) in the inlet pipe.

10.2.2 Short time burning test

[he test apparatus is as shown\in Figure 12, with the mixture outlet pipe (6) removed i
hecessary.

he ignition source (14).-shall be positioned (100 £ 20) mm above the water seal (12). The tes
Ehall be carried out for not less than 5 min with a water seal temperature = 10 °C, at which time
he temperature shall remain < 30 °C.

[he safe volume flow rate Vmax shall be determined for the minimum immersion depth at res

Zrmin) respectively at the minimum operational immersion depth (Z;,;,) at which no flame

ransmission occurs. Four tests shall be carried out with V,,,. . No flame transmission shal
bcedr\in any of the tests.

10.2.3 Deflagration test

The test apparatus is as shown in Figure 12, with the mixture outlet pipe (6) in place and
equipped with two flame detectors (18) in a straight part of the pipe close to the mixture
outlet (16) (see also Figure 2).

The maximum diameter, D, of the mixture outlet pipe (6) shall be used for all tests for which the
hydraulic flame arrester is acceptable. The ignition source (13) shall be positioned at the open
end of the mixture outlet pipe (6).

Tests shall be carried out by using a test mixture as specified in 6.3.2.
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The deflagration test shall be carried out at the minimum immersion depth at rest (Zg,y,;,) which
corresponds with the minimum operational immersion depth (Zy,;,) with the mixture flow rate

at Vmax as determined in 10.2.2. The test shall be carried out with the following lengths of

mixture outlet pipe (6):
- L,=50xD;
- L,=100xD.

[hree tests shall be carried out on each length.

f flame transmission takes place, the flow shall be reduced to a level where n¢ |flamg
ransmission occurs. This reduced flow shall then be recorded as Vmax.

10.2.4 Detonation test
he test apparatus is shown in Figure 12, with the mixture outlet pipe (6) in place and equipped
ivith four flame detectors (15) in the straight part of the pipe close to.the outlet (16) (see alsg

Figure 4). All tests shall be carried out with the mixture outlet pipe*(6) with the maximunm
jiameter, D, for which the hydraulic flame arrester shall be used,

he mixture outlet pipe (6) shall have a blind flange equipped with an ignition source (13). The
mixture outlet pipe (6) shall have sufficient length to develop a stable detonation (see 7.3.3.2
or further details).

[ests shall be carried out by using a test mixture as specified in 6.3.2.

Carry out three detonation tests with the mixture at rest and with the minimum immersion depth
it rest (Zgrmin), for which the hydraulic flamecarrester is acceptable.

No flame transmission shall occur in\any of the tests for the flame arrestor to pass.
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0 direction of mixture flow
1 direction-of.flame propagation
2 waterseal
3 ighition source for flame transmission tests
4_~ ignition source for stabilized burning tests
15 flame detector for recording flame velocity
16  mixture outlet
17  filling height
18 flame detector to indicate flame transmission

a=(25%3)mm

Figure 12 — Test apparatus for hydraulic flame arresters



https://standardsiso.com/api/?name=2d6738ea017239413854e63720ebcb99

—44 — ISO/IEC 80079-49:2024 © ISO/IEC 2024

11 Test of flame arresters installed on or within gas conveying equipment

11.1 General

The gas conveying equipment described below is intended for the transport of mixtures of air
and combustible gases, vapours or mists. These mixtures to be transported are situated in the
working chamber inside the gas conveying equipment. These types of gas conveying equipment
have pipe connections on the suction/inlet side and the pressure/outlet side.

-lame arresters for the protection of the pipework connected to the gas conveying equipment
which are integrated or mounted on the inlet and outlet side of the gas conveying equipmen
thall be tested, together with the gas conveying equipment, for safety againstyflame
ransmission through the flame arrester in the case of explosions in the gas conveying
pquipment inside.

The results of the tests with ambient temperatures <60 °C at the flame arresters apply tg
emperatures from —20 °C up to +60 °C at the flame arrester elements. If, ‘during operation o
he gas conveying equipment, temperatures of more than 60 °C arise(at the flame arreste
blement, additional tests shall be carried out with the correspondinglywarmed flame arresters

No flame transmission through the flame arrester into the connecting pipes shall occur at the
lame arresters in any of the tests to be carried out for the flame.arrestors to pass.

11.2 Flame transmission tests
11.2.1 General

he instructions for the tests of the gas conveying’equipment are specified depending on the
espective rated inlet pressure according to 11.2.2 and 11.2.3. The test apparatus is shown in
Figure 13.
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Key
gas conveying equipment
flame arrester inlet side, size of flange connection @4
flame arrester outlet side, size of flange connection @2

l  test pipe flame arrester inlet side — throttlewalve (&: D, length: L,), D, < @1
test pipe flame arrester outlet side — throttle valve (9: D,, length: L,), D, < @2

throttle valve
[ mixture inlet
mixture outlet

D pressure sensor (static); in addition as an option: pressure sensor (dynamic), flame detector and temperature
sensor

0 pressure sensor{(dyhamic)

1 flame detector

2 temperature sensor on the flame arrester surface facing the test pipe
3 alternative ignition points close to the moved parts of the equipment

Figure 13 — Test apparatus for the flame transmission test of flame arresters installed
on or within gas conveying equipment

The diameter of the test pipe parts (D4, D,) installed between the flame arresters and the throttle

valves shall not be larger than the size of flange connection of the respective flame arrester.
Reductions or enlargements of the diameters of the test pipe parts may be carried out only after
a length of 10 x D4 downstream of the flame arrester on the inlet side and 10 x D, downstream

of the flame arrester on the outlet side.

The nominal size of the throttle valve shall be the same or smaller than the diameter of the pipe
(D4 or D,). Mixture inlets and outlets in the test pipe shall be arranged to be close to the throttle

valve.
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The ignition source shall be placed as near as possible to the mechanically moved parts of the
equipment on the inlet side or on the outlet side.

The tests shall be carried out with a gas/air-test mixture as specified in Table 3.

The test apparatus with a closed throttle valve shall be purged with the test mixture until the
mixture concentration at the outlet corresponds to the specifications of Table 3, and then
isolated from the gas filling system.

11.2.2 Test procedure for gas conveying equipment with inlet pressure > 600 hPa

A\fter sufficiently purging the test apparatus with the test mixture, the specified paraméters in
[able 8:

- operating state of the equipment,
- position of the throttle valve, and

- test mixture pressure in the test apparatus

thall be adjusted for the respective test.

2 tests shall be carried out with working equipment (see Table'8). The mixture temperaturg
hnd the equipment shall be warmed up that the temperature profile up to a steady-state
emperature (60 °C or the maximum allowed temperature given by the manufacture at the inle
hs a general rule). The maximum gas temperature shalldbevmeasured at the mixture outlet.

B5ix tests shall be carried out with switched-off equipment (see Table 8). The equipment and the
est mixture shall be at ambient temperature when¢the test mixture is ignited.

Table 8 — Number of the individual tests @nd test parameters for the flame transmission
test of flame arresters installed on-or within gas conveying equipment with inlet
pressures > 600 hPa

Test parameters

Operating state Mixture pressure Ignition point Position of the Number
throttle valve of tests
Max. inlet pressure Open 3
Inlet side
Max. outlet pressure Approx. 80 % closed 2 3
Rotating at max. speed
Max. inlet pressure Open 3
Outlet side
Max. outlet pressure Approx. 80 % closed 2 3
Inlet side closed 3
Stationary Max. inlet pressure
Outlet side closed 3

a8 «Valve closed so far (approx. 80 %) so that the maximum outlet pressure is achieved in the equipment, but a

sufficient air flow is remaining to avoid overheating of the equipment.

In addition, the flame arrester on the inlet side shall be subjected to a short time burning flame
transmission test according to 7.3.4 with connected pipe.

The external surface temperature shall be taken into account when specifying the temperature
class of the equipment.
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11.2.3 Test procedure for gas conveying equipment with inlet pressure < 600 hPa

After sufficiently purging the test apparatus with the test mixture, the specified parameters in
Table 9:

— operating state of the gas conveying equipment,

— position of the throttle valve and

— test mixture pressure in the test apparatus

shall be adjusted for the respective test.

[ests shall be carried out at the maximum operational temperatures at the flame aireste
blement according to Table 9.

Table 9 — Number of the individual tests and test parameters for the flame transmission
test of flame arresters installed on or within gas conveying equipment‘with inlet
pressures < 600 hPa

Test parameters

. . . . Position/of the
Operating state Mixture pressure Ignition point thiottle valve Number of tests
Temperature at the flame arresters: Ambient temperature (< 60 °C)
Inlet side Open 3
Rotation at max. speed Max. outlet pressure Closed 5
Outlet side
Open 3
Inlet side Closed 5
Stationary Max. inlet pressure
Qutlet side Closed 3
Additional tests if the temperature at the flame arresters at outlet: > 60 °C
Rotation at max. speed Max. outlet pressure Outlet side Closed 6
Inlet side Closed 3
Stationary Max. inlet-pressure
Outlet side Closed 3
Additional tests if the temperaturevat the flame arrester at inlet: > 60 °C
Rotation at max. speed Max. outlet pressure Inlet side Open 3
Inlet side Closed 6
Stationary Max. inlet pressure
Outlet side Closed 3

n addition\the flame arrester on the inlet side shall be subjected to a short time burning flamsg
ransmission test according to 7.3.4 with connected pipe.

[he external surface temperature shall be taken into account when specifying the Temperature
Class of the pquipmpn’r

12 Instructions

The instructions prepared by the manufacturer shall include the following particulars as a
minimum:

a) arecapitulation of the information with which the equipment is marked, except for the serial
number (see Clause 11), together with any appropriate additional information to facilitate
maintenance (for example, address of the importer, repairer). This shall include specifically
points b) to g);

b) information concerning the classification of the flame arrester as outlined in Clause 5;
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c) all details of the operational requirements, including the specific limits in accordance with
Annex E, as appropriate; the maximum operational temperature and pressure shall be given;

d) static flame arresters classified as safe for endurance burning shall include a warning that
safe use is limited to pure hydrocarbons, and that extension to other chemicals may require
testing with these specific chemicals;

e) short time burning flame arresters and hydraulic flame arresters shall include a warning that
additional external safety equipment is required; all data that are necessary to characterize
the integrated temperature sensor used for the stabilized burning test shall be documented;
if the user equips the flame arrester with any other temperature sensor_this sensor shal

fulfil these requirements as a minimum;

) the burn time (and, if this burn time was determined under conditions outside)thg
atmospheric conditions as given in Annex E, the pressure and temperature under,which i
was determined);

j) the allowed installation direction of the flame arrester with regard to flow\direction ang
protected side;

n) general instructions for safety

e putting into service;

e Uuse;

e assembling and dismantling;

¢ maintenance (including cleaning instructions and the procedure to be followed afte
deflagration, detonation or stabilized burning conditiohs have taken place);

¢ installation (including full description of the connections of the flame arrester);
e adjustment;
e where necessary, training instructions;

¢ where applicable, Specific Conditiong>of Use that require additional protective means by
the installers or users;

) a list of the standards, including the’issue date, with which the equipment is declared td
comply. The certificate can be.usgd to satisfy this requirement.

n addition to these minimum.particulars, the limits for use are also a link to more genera
operational) safety considerations and regulations, which remain the responsibility of the use
hnd regulators. Annex B d@nd Annex C offer some guidance on these aspects.

13 Marking

13.1 Location

[he equipment shall be legibly marked on the flame arrester housing and the marking shall be
isible;sfrom the exterior, prior to the installation of the equipment.

NOTE The marking is intended to be in a location that is certain to be visible and recognisable for operators afte
Stattation.

Where the element is a removable part, the element shall additionally be marked according to
13.3, which can be useful during installation and maintenance by helping to avoid confusion
with similar equipment.
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13.2 Flame arrester housing

13.2.1 General information

The flame arrester housing shall be marked with the following information:

a)
b)
c)

the name and address of the manufacturer or its registered trademark;
the manufacturer’s type identification or series designation;
the serial number;

1)
)

)
D)

Manufacturers and users shall ensure.that any marking is legible, and labels and attachmen
jevices are durable and resistant tonénvironmental corrosion under operating conditions.

13.2.2 Warning markings

-lame arresters shall be prarked with the following information:

the year of manufacture (if not incorporated in point c));

the name or mark of the certificate issuer and the certificate reference in the following\form
the last two figures of the year of the certificate followed by a "." followed by a unjque’four{
character reference for the certificate in that year;

NOTE 1 For some regional third-party certifications, the separating character "." is often replaced by anothe
separating designator such as "ATEX".

If Specific Conditions of Use apply, the symbol "X" shall be placed. after the certificatg
reference described in d) above. The use of a warning marking/ giving appropriatg
instructions may be used as an alternative to the requirement for_the”"X" marking.

NOTE 2 It is the intent that the requirements of the Specific Conditions of\Use, for example, mounting positior
or corrosion resistance, are passed to the user together with any other felevant information in the instructiong
for use.

the number of this Standard ISO/IEC 80079-49:2023;

set pressure/set vacuum for flame arresters with integrated pressure/vacuum valve, and/o
for dynamic flame arresters;

protected side (directional types only);

any additional marking if required by the\applicable safety requirements of the relevan
industrial standards for the construction@f'the equipment.

"Warning" (always~in English);

"flame arrestershave installation and application limits" (always in English);

type designation in accordance with this standard;

for deflagration flame arresters, the sign "DEF" and the ratio L, /D; for end-of-line flame
arresters, L /D is not applicable ("n/a");

for’detonation flame arresters, the sign "DET" in combination with the type number:

o "1" — tested for unstable detonation with restriction;

g)

e "2" — tested for unstable detonation without restriction;
e "3" — tested for stable detonation with restriction;
e "4" — tested for stable detonation without restriction;

for hydraulic flame arresters, the sign "HDET", the minimum immersion depth at rest (in mm)
and the maximum volume flow rate (m3/h);

pre-volume flame arresters, the sign "VDEF" and the relevant limits (pressure, temperature
and volume) according to the test report, see E.2.2;
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h) for burn rating, the sign "BC" plus the classification "a", "b" or "c" (as specified below),
together with the burn time fg1 (in min) for class "b":

e "a" —endurance burn (no time limit);
e "b" —short time burn according to 7.3.4;
e "¢"—no burn time;

EXAMPLE When a flame arrester has been tested against short-time burning, this will be marked with "Burning
Class: b" and "Burning Time: 75, = ..." (irrespective of the fact if the temperature sensors are installed or not) because

Nis IS a tested property or the safety sysiem.

) Equipment Group;
|) maximum operational temperature T, (in °C);

) maximum operational pressure p, (absolute pressure) (in MPa respectively in_bar), wherg
applicable.

13.2.3 Examples of marking

Examples of marking plates are shown in Figure 14 and Figure 15.

Figure 14 shows an example of a marking plate for an end-of-line‘deflagration arrester safe fo
purn classification "a" for Equipment Group IIA, for an operational temperature, T, of 60 °C.

Warning
Flame arresters have installation and application limits
Type designation in accordance with ISO/IEC 80079-49
IECEx XXX, 12.3456
DEF L,/D=nla BC:a
A Ip=60°C -

IEC
Figure 14 — Example of marking plate, burn rating "a"
Figure 15 shows an example of a marking plate for a detonation arrester of Type 2, fo
Equipment Group [IB3, for)a burn classification "b" of 15 min, an operational temperature, T

pf 120 °C and a maximum operational pressure, py, of 0,16 MPa.

NOTE 1 bar = 0,1 MRa.

Warning
Flame arresters have installation and application limits
Type designation in accordance with ISO/IEC 80079-49
IECEx XXX 12.3456

PpET2 LU/D =nla BGb ’fbl =15 min
[IB3 Ip=120°C |pp=0,16 MPa

IEC

Figure 15 — Example of marking plate, burn rating "b"
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13.3 Flame arrester element

In case the flame arrester element is designed to be removed from the housing (for example,
for cleaning or replacement), the element itself shall be marked with the above, or, if there is
limited space, as a minimum with the following information:

a) the name or registered trademark of the manufacturer;

b) an identifier to ensure traceability;

c) the protected side (directional flame arrester elements only).

Manufacturers and users shall ensure that any marking is legible and labels and attachmen
jevices are durable under operating conditions.

14 Manufacturing and production

4.1 Construction

SO/IEC 80079-34 gives details for requirements of quality management systems for Ex produc
manufacture.

For technical reasons, the gap dimensions of crimped ribbon flame arrester elements may be
less than the lower tolerance limits in the inner and outer areas’ of the flame arrester element
[he total affected area shall not exceed 10 % of the total sufface area.

A\s an alternative to visual inspection, equivalent performance may be demonstrated by
pberforming a flow test according to Annex A and“comparing the results with a reference
bressure drop curve. The pressure drop of the production type shall be higher than the pressure
jrop of the prototype.

Light metal alloys shall not contain more than 6 % magnesium. Coatings of components which
can be exposed to flames during operation shall not be damaged in a way that makes flame
ransmission possible.

Manufacturing process shall-include control of tolerances during production to ensure
eproducibility.

14.2 Housing

fhread gaps, which shall prevent flame transmission, shall be in accordance with the
constructionalgeguirements of IEC 60079-1.

14.3 Joints

Al joiots shall be constructed and sealed in such a way that:

- -flame cannot bypass the flame arrester element, and

— flame is prevented from propagating to the outside of the flame arrester.
14.4 Pressure test

Pressure testing of all detonation flame arresters and pre-volume flame arresters shall be
carried out at each flame arrester at a pressure of not less than 10 x py, and of all in-line

deflagration flame arresters at not less than 1,1 x 108 Pa for not less than 3 min.
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Where documentary evidence is provided that the weld procedure and welder qualification
satisfy the requirements of the design method employed, in-line deflagration and detonation
flame arresters and end-of-line detonation flame arresters of welded construction need only be

type tested. Flame arresters with any subsequent alteration to the design, affecting its strength,
shall be retested.

Cast components may be pressure tested individually prior to assembly of the complete unit.

No permanent deformation shall occur during the tests.

End-of-line deflagration flame arresters need not be pressure tested.

14.5 Leak test

Fach flame arrester shall be leak tested with air at 1,1 x pg, with a minimum of 150,kPa absolutg

or not less than 3 min. No leak shall occur as verified by visual examinationforexample, using
eak detection spray or submersion under water.

End-of-line deflagration flame arresters need not be leak tested.
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Annex A
(normative)

Flow measurement

A.1 General

hanines acwall ac tha cannactinne hatwaagn tha ninae and thg flamg arrgctar chall hg cmannth
HE-pPH 65 WeaStHe-co e 6o RSB W e eRitHe-pHp e SahaHe-Ha e aHe 58 -SHdnroe-SHooH

hnd without obstructions causing additional turbulence.

he nominal size, D, of the test pipes (L4, Ly, L3 and L,) shall be the same size as thelflamg
brrester or dynamic flame arrester connection.

Al pressure measuring points shall be arranged normal to the pipe axis and shall not influence
he flow.

[he test medium shall be air at ambient conditions.
Ambient pressure and temperature shall be recorded to convert flow rate to normal conditions

A\ flow measuring device shall be used to obtain a flow rate/pfessure drop curve with a minimunm
bf 10 suitably spaced readings from stationary flow conditions. The curve shall be provided by
he manufacturer. The flow at certain points on thexecurve shall be verified by the ExTL in
hccordance with 6.2 and the pressure drops shall netdiffer by more than 10 % at any place o
he curve.

Separate flame arresters and pressure/vacdum valves that are combined and used togethe
bhall be flow tested together as a single unit.

A\s an addition, testing of the flame arrester by itself is recommended to assist in the
dentification of the internal damageof the flame arrester from explosion testing.

he flow capacity of in-line<flame arresters shall be recorded in accordance with A.2 in a type
est.

[he flow capacity of .end-of-line flame arresters shall be recorded in accordance with A.3 in g
ype test.

fhe flow capacity of end-of-line flame arresters directly combined with or integrated intg
bressure/vacuum valves shall be recorded in accordance with A.3 in a type test. Pressure
vacuum~valves manufactured for different pressure settings shall be tested at the lowest ang
he highest set pressure and for intermediate set pressures < 1 kPa apart.

he flow capacity of dynamic flame arresiers shall be recorded in accordance with A.3in a type
test.

In addition, all dynamic flame arresters shall be tested for undamped oscillations in accordance
with A.4 in a type test.
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A.2 In-line flame arresters

The test apparatus is shown in Figure A.1. The test pipes shall have the following lengths:
- Ly 210 % D;

- L,=2xD;

- L3210 x D;

15 = 2 XD

Fhe flow rate shall be increased in suitable steps up to the maximum requested by)the
manufacturer or user. The pressure drop for each step shall be recorded (see jitem 4 in
Figure A.1).

[he pressure or vacuum side of the blower may be used for in-line flame arresters.

IEC

Key

blower or fan

flow detector for recording

in-line flame arrester

L pressure sensor for recording

L, Ly, Ly, L, length of apparatus pipes

Figure At - Test apparatus for recording the pressure drop/flow rate curve
for in-line flame arresters

A.3 <End-of-line flame arrester

A-3)1 General

The test apparatus is shown in Figure A.2. The diameter of the tank (3) shall be sufficient to
allow a mean flow velocity of less than 2 m/s in the tank. All tank pressure data (p7) shall be

recorded under these conditions.

The test pipe shall have a length L, < 10 x D (see Figure A.2). If reduction pipes are used, they
shall not cause additional turbulence or restriction to flow.

The flow rate shall be increased in suitable steps up to the maximum requested by the
manufacturer. The pressure drop, p, for each step shall be recorded (see item 4 in Figure A.2).
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End-of-line flame arresters combined with, or integrated into, pressure/vacuum valves (see
Figure A.2) shall have the flow rate/pressure drop curve start at the set pressure (opening
pressure) with increases in suitable steps up to the maximum flow rate requested by the
manufacturer.

Vacuum valves shall have the direction of flow reversed.

A.3.2 Special flow measurement for dynamic flame arresters

-low measurements for dynamic flame arresters shall be made using the lowest possible setting
or the specific model without changing its characteristics, as specified in 9.2.

he flow measurement shall consist of three phases:

- phase 1 (opening phase): the capacity from shut to fully open;
- phase 2 (working area): the capacity from fully open and upward;
- phase 3 (closing phase): the capacity from fully open to shut.

he flow measurement for phase 1 is carried out to establish pressure“surges and/or pressure
eductions. The flow rate to be used for this purpose is determined/as the flow at which thg
jynamic flame arrester is fully open. Ten equally spaced measurements (10 % of the flow rate
PO % of the flow rate, etc.) shall be recorded in the interval fromeshut to fully open. If the dynamig
lame arrester features a system that makes it changeiits dynamic characteristics from
modulating to full lifting, 10 additional and equally spaced\measurements shall be made at this
point within a span of 10 % to each side.

he flow measurement for phase 2 is carried out_to,establish the pressure increase from whern
he dynamic flame arrester is fully open and upward. The capacity shall be measured at thg
bressure at which the dynamic flame arresteftis fully open, and at five or more increments o
0 % above this pressure.

Fhe flow measurement for phase 3 is”carried out to establish the blow-down value of the
jynamic flame arrester. The flow fate to be used is the least capacity at which the dynamig
lame arrester remains fully open,) The pressure shall then be recorded for 10 equally spaced
Capacities between this flow@nd when the dynamic flame arrester is shut.

A\ flow chart shall be drawn based on the above measurements.
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blower or fan

flow detector for recording
explosion-pressure-resistant containment
L pressure sensor for recording

end-of-line flame arrester

L, length of connecting pipe

B pressure in the flow test of an end-of-line flame arrester

Figure A.2 — Test apparatus for recording the ‘pressure drop/flow rate curve
for end-of-line flame arresters with or without-integrated pressure/vacuum valve

A.4 Undamped oscillation tests of dynamic flame arrester (High velocity vent
valves)

Dynamic flame arresters shall be tested’in order to determine the maximum pipe length, Ly,

hat does not lead to undamped oscillations. The test apparatus is shown in Figure A.3. Thsg
est set-up shall incorporate a valve disc location monitor (for example, video camera, positiorn
meter) to trace the position of the“valve disc during the test runs.

[he initial pipe length, Ly,\(Figure A.3), the volume, 7),, and the pipe diameter, D,,, shall comply
vith the specifications-by the manufacturer.

Dv» Vv and Lyf-are also basic parameters for the flame transmission test (9.2.1) and thg

esulting limits\for use (9.2.2). For valves where (due to their characteristics) the possibility
bxists that they exhibit periodic open/close cycles at certain flow rates, it is recommended tg
comply with' the following condition: The tank volume, V), should be large enough to ensurg

hat tank volume has no effect on oscillations in any of the tests.

4

EForranvdvnamic flame-arrastertvne the followinatests shall ha carriad out at the lowast saettind
—H=Ry-eyRaiHeHaReaHestelHpethe+oHowihRgtests—SshHato HHe-G-OoHH-aHRe1+OWeS+SeHtHh

intended for approval. )

The flow rate into the containment shall be increased in 10 steps. The span and step width of
the 10 flow rates shall be chosen depending on the valve characteristic, as specified below.

— For valves with VCL >0, the lowest flow rate shall be 0,2><VCL and the highest shall be

2%V (step width 0,2xV ).

— For valves with 7, =0 the lowest flow rate shall be 10 % of the rate at which the valve is
fully open. This value shall also be taken as step width.
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At each flow rate, an opening of the valve shall be awaited (if initially closed) and the flow shall
then be maintained for at least an additional 3 min.

If the disc location monitor indicates periodic contact with seat or upper stop with a frequency
of more than 0,5 Hz (undamped oscillation), the pipe length (L,) shall be shortened until this

frequency value is not exceeded or the contacting ceases. That length shall be recorded as L.

}
%5
I
A

+%u/ =

T 7 79

IEC

Key

blower or fan

flow detector for recording
containment

L pressure sensor for recording
b dynamic flame arrester
pressure sensor

L, length of vent pipe

Figure A.3 — Test apparatus for determining the non-oscillating
conditions for dynamic flame arresters
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