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EXPLOSIVE ATMOSPHERES -

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

FOREWORD

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commission)
form the specialized system for worldwide standardization. National bodies that are members of ISO or IEC
participate in the development of International Standards through technical committees established by the
respective organization to deal with particular fields of technical activity. ISO and IEC technical committees
cqllaborate in fields of mutual interest. Other international organizations, governmental and non-governmgntal,
in|liaison with ISO and IEC, also take part in the work.

The formal decisions or agreements of IEC and ISO on technical matters express, as nearly ag\possible, an
infernational consensus of opinion on the relevant subjects since each technical committee has, represenfation
fr¢m all interested IEC and ISO National bodies.

IHC and ISO documents have the form of recommendations for international use and are(@ccepted by IEC and
IO National bodies in that sense. While all reasonable efforts are made to ensure that.the technical contgnt of
IHC 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 ang 1SO
dqcuments transparently to the maximum extent possible in their natiopnal{and regional publications| Any
difergence between any IEC and ISO document and the corresponding national or regional publication shill be
clgarly indicated in the latter.

IHC and ISO do not provide any attestation of conformity. Independent certification bodies provide conf¢rmity
agsessment services and, in some areas, access to IEC and ISO marks of conformity. IEC and ISO afe not
responsible for any services carried out by independent certification bodies.

All users should ensure that they have the latest edition of thiss\document.

N¢ liability shall attach to IEC and ISO or their directors,_employees, servants or agents including indiyidual
experts and members of its technical committees and\I[EC and ISO National bodies for any personal ipjury,
property damage or other damage of any nature whatsoever, whether direct or indirect, or for costs (including
lepal fees) and expenses arising out of the publication, use of, or reliance upon, this ISO/IEC document qr any
other IEC and ISO documents.

Aftention is drawn to the Normative referenceés cited in this document. Use of the referenced publicatigns is
inflispensable for the correct application of\this document.

IHC 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 position” concerning the evidence, validity or applicability of any claimed gatent
rights in respect thereof. As of the(date of publication of this document, IEC and ISO had not received notjce of
(a)) patent(s), which may be required to implement this document. However, implementers are cautioned that this
mpy not represent the latest-information, which may be obtained from the patent database availaljle at
https://patents.iec.ch and www.iso.org/patents. IEC and ISO shall not be held responsible for identifying gny or
al| such patent rights.

ISO/JEC 80079-49 has been prepared by subcommittee 31M: Non-electrical equipment|and
protg¢ctive systems for explosive atmospheres, of ISO/IEC joint technical committ¢e 1:

Information technology.

This|edition cancels and replaces 1ISO 16852:2016, which has been technically revised. [This

editipnconstitutes a technical revision.

This edition includes the following significant technical changes with respect to
ISO 16852:2016:

a)
b)

c)

d)

adaptation of the relevant IEC TC 31 requirements on standards;

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

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:

Draft Report on voting

31M/212/EDIS 31M/223/RVD

Full |[nformation on the voting for its approval can be found in the report on voting indicated in
the gbove table.

The Janguage used for the development of this International Standard is English.

A ligt of all parts in the ISO/IEC 80079 series, published under the general title Explgsive
atmqspheres, can be found on the IEC website.

NOTH The following print types are used:

. ords in jtalic font in the text are defined in Clause 3.

This|document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accdrdance with ISO/IEC Directives, Part 1, available at www.iec.ch/members_experts/refdocs
and jvww.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.

This document addresses performance requirements and test methods, as well as limits for use

for fl mao arractare
g C—arTCoteTroe

Only| the minimum safety requirements for flame arresters to prevent flame transmission
spedified.

The hazard identification of common applications found in industry leads to.the specificati
the fest methods. These test methods reflect standard practical situation§ 'ahd, as such,
the heart of this document because they also allow classification of the)various types of f
arresters and then determination of the limits of use.

A cohsiderable number of test methods and test conditions had toybe taken into account fo
mairn reasons.

a)

b)

Congequently, in this document;the testing and classification related to Equipment Groups
llation conditions have been subdivided more than is usually the case in other parts of the
ISO/JEC 80079 and IEC 60079 series of standards. In particular,

insta

The |test conditions lead to the limits for use which are most important for the user.
docymient specifies this safety relevant information and its dissemination through

+f FTRT PN P SRTPI § UG- 0-¢ TTRP-N - for i aa-th ra-arlaaa P tor
man UTAULUTTT o WITLITTT TTToltrutLliviIiToe TUT UoT ditu UiIc IIIaI[\IIIH UT i 11alntic adrrColoro.

Different types of flame arresters are covered with respect to the operating principle (s
Hydraulic, liquid, dynamic) and each type clearlyneeds its specific test set-up and
grocedure.
I
i
s
s

is necessary to adapt flame arresters to\the special conditions of application
nstallation) because of the conflicting demands of high flame quenching capability ang
ressure loss. This situation is completelydifferent from the otherwise similar princip
rotection by flameproof enclosure,\for example for electrical equipment, where
importance of process gas flow through any gaps is negligible and importance is place
the flame quenching effect of the gap.

quipment Group HA"s subdivided into sub-groups IIA1 and IIA,

ne type "detonation arrester” is divided into four sub-types, which take into account sp4

B
Hquipment Group)lIB is subdivided into sub-groups 1IB1, [1B2, 1IB3 and IIB, and
t
installationsituations.

are

bn of
form
ame

two

atic,
test

gas,
low
le of
the
d on

and

bcific

This
the

£+ flora P

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

1 Scope

This

document specifies the requirements for flame arresters that prevent flame transmis

sion

when explosive gas-air or vapour-air mixtures are present. It establishes uniform principles for
lassification, basic construction and information for use, including the marking of flame

the
arres

of uge.

This
rang

NOTH

see Annex E.

NOTH

this dpcument can be used as a guide. This document can also be used to design any additional testing rela

ters, and specifies test methods to verify the safety requirements and determine safe |

mits

document is applicable to pressures ranging from 80 kPa to 160-kPa and temperafures

ng from =20 °C to +200 °C.

1 For flame arresters with operational conditions inside the scope, but*outside atmospheric conditions,

2 In designing and testing flame arresters for operation under conditions other than those specified apove,

ed to

the specific conditions of use. This is particularly important when high temperatures and pressures are applied. The

test nmixtures might need to be modified in these cases.

This|document does not apply to the following:

— ¢xternal 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 sens¢rs as
well as parts which, for example, intentionally melt (retaining pin), burn away (weather hoods) or bend (bimetallic
sfrips), are within the scope of this document.

— flame arresters used for_explosive mixtures of vapours and gases, which tend to [self-
decompose (for exampl€, acetylene) or which are chemically unstable;

— flame arresters usedtfor carbon disulfide, due to its special properties;

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

— flame arrestertest procedures for reciprocating internal combustion engines;
NOTE 4__Flame arresters for specific applications (e.g. reciprocating internal combustion engines) can usfe this

— fastdacting valves, extinguishing systems and other explosion isolating systems;

dpcumént.as a guide for design but be subject to testing related to their specific use.

— Flame arresters used in gas detectors (those being covered for example, by IEC 60079-29-1

a

nd IEC 62990-1).
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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

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

Hdll

ISO/

EC 80079-34, Explosive atmospheres — Part 34: Application of quality manage

systems for Ex Product manufacture

For
follo

ISO
addr|

3.1

Terms and definitions

he purposes of this document, the terms and definitions given in IEC 60079-0 ang
ving apply.

and |IEC maintain terminology databases for use in.standardization at the follo
Psses:

EC Electropedia: available at https://www.electrogedia.org/

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

flamle arrester

devi
encl

3.2

ce fitted to the opening of an enclosure, or to the connecting pipe work of a syste
psures, and whose intended functighis to allow flow but prevent the transmission of fl

housing

porti
the f

3.3

bn of a flame arrester (3.1) whose principal function is to provide a suitable enclosur
ame arrester element (373) and allow mechanical connections to other systems

flamle arrester element

porti

3.4

bn of a flamye-arrester (3.1) whose principal function is to prevent flame transmission

stea

3.5

ment

the

wing

m of
ame

e for

stablijlized burning

yburning 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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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
explosion (3.7) propagating at subsonic velocity

[SOYRCE: ISO 8421-1:1987, 1.11]

3.9

detonation
explpsion (3.7) propagating at supersonic velocity and characterized by a shock wave

[SOURCE: ISO 8421-1:1987, 1.12]

3.10

sta

blle detonation

detopation (3.9) progressing through a confined system withqub significant variation of vel
and pressure characteristics

Note [l to entry: For the atmospheric conditions, test mixtures and test procedures of this document, t
velocfties range between 1 600 m/s and 2 200 m/s.

3.1

unsflable detonation

deto

stable detonation (3.10)

Note [l to entry: The transition occurs in alimited spatial zone, where the velocity of the combustion wave
constpnt and where the explosion pressure is significantly higher than in a stable detonation. The position d
transition zone depends, amongst other;factors, on pipe diameter, pipe configuration, test gas and explosion d

Note P to entry: An unstable detonation presents a higher level of hazard than a stable detonation due to
flame|speeds and pressures.

3.12

chanacteristic safety data of explosive mixtures

3.12}1

maxjmum experimental safe gap

ME

dur

DCity

pical

hation (3.9) during the transition of a Combustion process from a deflagration (3.8) ifto a

s not
f this
roup.

igher

sion

G
ma)amum gap of a joint of 25 mm in width which prevents any transmission of an expld

ing\tests made under the conditions specified in ISO/IEC 80079-20-1

[SOURCE: ISO/IEC 80079-20-1:2017, 3.4, modified — "in ISO/IEC 80079-20-1" added and
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
pment 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.]

3.13

bi-directional flame arrester

flam

3.14

deflagration flame arrester

DEF
flam

Note

3.15

detonation flame arrester

DET
flam

Note

for bgth stable detonations (3.10) and unstable detonations (3.479).

3.16

enddyirance flame arrester

flam

3.17

static flame arrester

flam

3.17
mea
flam
tech

3.17

nonimeasurable type

flam
tech

b arrester (3.1) that prevents flame transmission from both sides

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

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

b arrester (3.1) designed to prevent the transmission of a*detonation

| to entry: It can be an end-of-line flame arrester (3.21) or"anvin-line flame arrester (3.22), and can be|

b arrester (3.1) that prevents flame transmission during and after endurance burning

b arrester (3.1) designed to.prevent flame transmission by quenching gaps

1
surable type

b arrester (3.1) where the quenching gaps of the flame arrester element (3.3) ca
hically drawn, measured and controlled

2

b arrester (3.1) where the quenching gaps of the flame arrester element (3.3) canng
nically drawn, measured or controlled

used

h be

t be

EXAMPLE 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

prev

Note

ent the flame propagation against the flow direction

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.

3.19.1
liquid seal flame arrester
flame-arrester{3-1)-desighed-touse-theH

1 roduct to form 3 harriar ta flamao trapnsmission
a—1o04uS ocdctto+eHha—atHHer—to+Hahe a3 RSHHSS|

3.19(2

foot|valve flame arrester
flamg arrester (3.1) designed to use the liquid product combined with a non-return.valve to [form
a bafrier to flame transmission

3.20
hydnaulic flame arrester
flame arrester (3.1) designed to break the flow of an explosive mixture into discrete bubblges in
a wdter column, thus preventing flame transmission

3.21
endjof-line flame arrester
flamg arrester (3.1) that is fitted with one pipe connection only

3.22
in-line flame arrester
flamg arrester (3.1) that is fitted with two_ pipe connections, one on each side of the flame
arresgter

3.23
pre-yolume flame arrester
VDEF
flamg arrester (3.1) that,after ignition by an internal ignition source, prevents flame
trangmission from inside an explosion-pressure-resistant containment (for example, a vessel or
clos¢d pipe work) to the outside, or into the connecting pipe work

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

3.24
inte{rated temperature sensor

temperature sensor integrated into the flame arrester, as specified by the manufacturer of the
flam

arfester, in order to provide a signal suitable to activate counter measures
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4 Abbreviated terms and symbols

free area of a static flame arrester element

nominal cross sectional area of the flame arrester connection

cross sectional area on the unprotected side of the flame arrester element
effective open area of the flame arrester element on the protected side

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

Pmd

Pmu

Pt
PT

Pt

~
1
©
D
e
-~

maximum length without undamped oscillations
pipe length upstream of the dynamic flame arrester used in flame transmission t¢st
pipe length on the protected side

pipe length between flame arrester and restriction

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

pipe lengths in the flow test

time average value of the detonation pressure in the'time interval of 200 ps aften
arrival of the detonation shock wave

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

pressure in the pressure test

pressure in the flow test of an end~0f-line flame arrester

pressure before ignition

maximum operational pressure

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

maximum pressure_for the endurance burning test of dynamic flame arresters
pressure which\can cause the maximum temperature at endurance burning test

ratio of thé effective open area of the flame arrester element to pipe cross sectignal
area

ratie-of the free volume of the flame arrester element to the whole volume
burning time

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

the test
temperature of the flame arrester before ignition

maximum operational temperature of the flame arrester

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

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

critical volume flow rate

flow rate at closing point of dynamic flame arresters
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only

jh an
upon

ation

table

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

Zrmih minimum water seal immersion depth at rest above the outlet openipgs’of the
immersion tubes

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

Zomi minimum operational water seal immersion depth when the/mixture flow displaces
the water from the immersion tubes, where Zyin, > Zguih

Zy operational immersion depth, corresponding to Zg;» plus the manufacturer's
recommended safety margin

All pressure values are absolute pressures.

NOTH Symbols in the figures for the flame arresterare in line with ISO 14617-7.

5 Hazards and flame arrester classifications

5.1 Flame transmission classification: deflagration, stable and unstable detonation

The fignition of an explosiveumixture will initiate a deflagration. A flame arrester covering

this hazard is classified as a deflagration flame arrester.

NOTH 1 A deflagration when confined in a pipe will usually accelerate and can undergo transition throu

unstaple to a stable detonation provided sufficient pipe length is available. This pipe length will vary depending

the injtial conditions of the mixture and the pipe work configuration.

A flame arréester tested in accordance with 7.3.3.2 or 7.3.3.3 is classified as a stable deton

flamg arrester and is suitable for deflagrations and stable detonations.

NOTE nstable detonations are a sSpeciITiC hazara requiring nigher perrformance tilame arresters an Tor

detonations.

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

deto

nations.

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) Ftable detonation at the end of a pipe propagating Into an enclosure or €nd-of-line stable detonatjon
essel
5.2 | Flame transmission classification: stabilized burning

Stabjilized burning after ignition creates additional hazards in applications where there cou
a cohtinuous flow of the explosive mixture towards the unprotected side'\of the flame arre
The following situations shall be taken into account:

5.3

juriy

the flow of the explosive mixture can be stopped within a specific time that is bety
min and 30 min, flame arresters which, when tested in.accordance with 7.3.4, pre
ame transmission during that period of stabilized burningZare suitable for that hazard,
ney are classified as safe against short time burning;

— —h

=z

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

{ the flow of the explosive mixture cannot be _stopped or, for operational reasons, is
intended to be stopped within 30 min, flame arresters which, when tested in accord
with 7.3.5, prevent flame transmission for this type of stabilized burning are suitable for
Hazard, and they are classified as safe against endurance burning.

Index of tests

Flame arresters shall be tested tocthe specific Equipment Group of the explosive gas-g
vapdur-air mixture (see Table 3; columns 1 and 2).

The tests to be conducted are given in Table 2.

d be
ster.

veen
vent
and

not
ance
that

ir or
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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-li Ie deflagration flame Endurance burn proof 7329 7.3.5 A2
arrepter (DEF) "

No stabilised burn .

rating
Pre-_olume flame arrester NO.StabI“SGd burn 7323 . X2or A3
(VDEF) rating

Short time burn proof 7.3.4
Stahjle detonation flame
arrepter without restriction Endurance burn proof 7.3.3.2 738 A.2
(DET4) No stabilised burn C

rating

Short time burn proof 7.3.4
Staljle detonation flame Endurance burn proof 7333 7.3.5 A2
arrepter with restriction (DET3) — e ’

No stabilised burn .

rating

Short time burn proof 7.3.4
Unsjable detonation flame
arrepter 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 Enduranceiburn proof 7335 7.3.5 A2
arrepter with restriction (DET1) D) U ’

No stabilised burn .

rating
Liqujid product detonation flame (| No stabilised burn 8.3 . .
arrepter (DET4+DET2) rating ’
Dynhmic flame arrester Deflagration proof 9.2.1,9.2.2 and -

. - A.3.2 and|A.4
(high velocity vent valye)4DEF) | Endurance burn proof 9.2.3 9.2.4
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 s{able
detohation arrester (DET3 and DET4) and an unstable detonation arrester (DET1 and DET2)

are 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.
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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.

6.3 Flame transmission test

6.3.1— General

All flame arresters shall be type tested against flame transmission. There shall be no_permanent
visibje deformation of the housing.

The tests shall be specific for the basic types of operation (as specified in Table 2 and in $.17,
3.18} 3.19 and 3.20) and shall be carried out in accordance with Clauses\/, 8, 9 or 10.|One
flame 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 usgd in
serv|ce. Bi-directional flame arresters shall only be tested fromone side if the protected| and
unprptected sides are functionally equivalent.

All flame transmission tests shall be carried out with gas=air mixtures at ambient temperatyres.
If ogerational temperature is higher than 60 °C, tests shall be carried out at the maxijnum
operptional temperature or higher, with only the<flame arrester being heated to the reqliired
temperature, T'tg < 200 °C. Gas-air or vapour-air'mixtures shall be as specified in 6.3.2.[ The

temperature shall be measured on the surface of the flame arrester element at the protdcted
side] as close to the centre of the element\as possible.

For the purposes of this document, Equipment Group IIC covers hydrogen and other gas-air or
vapdur-air mixtures with MESG lessthan 0,5 mm, and Equipment Group IIB is divided into|four
sub-groups: 11B1, 1IB2, 1IB3 and B. Equipment Group IIA is divided into two sub-groups:|IIA1
and |IA. This document covers.deflagration and detonation tests for groups IIA, [1B1, [1B2, |IB3,
1B gnd IIC. Group [IA1 shall'only be used for the testing of deflagration flame arresters.

The [limiting MESG values, which define the Equipment Groups IIA1, IIA, 1IB1, 1IB2, 1IB3, IIB
and JIC, are shown in’ Table 3.

A flame arrester for a particular Equipment Group is suitable for explosive mixtures of angther
group having a greater MESG.

6.3.

Table 3, Table 4 and Table 5 specify the mixtures for deflagration and detonation tests, short
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 > 98 5,7+0,2 0,73 = 0,04
11B3 2 20,65 6,6 £+0,3 0,67% 0,02
1B @ > 0,50 Hydrogen =99 45,0+ 0,5 0,48+ 0,04
Ic < 0,50 Hydrogen 2 99 28,5+2,0 0,31 + 0,04
NOTE 1 The rankings in columns 1 and 2 are not comparable with the ranking in IEC 60079+1.

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

a8 \}ith small diameters, it can be difficult to generate stable detonations. TestS«dnay be carried out using al|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
Ramge of application (marking)
Gas type Gas purity by volume Gas in air by volufne?
Equipment Group
% %

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

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

—

esting of dynamic'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 @ y volume
% %
A1 Methane > 98 9,56+0,2
1A Hexane 270 2,1+0,1
11B1
11B2
Ethylene =98 6,6 £0:3
11B3
1B
IIC Hydrogen 299 28,5+2,0

©
—

= g o)

he combustion reactions of pure hydrocarbons are different to other flammable gases_and vapours incl
cohols, amines, acids, ketones, and aldehydes,) and therefore the range of applications is limited to
ydrocarbons (compounds containing only carbon and hydrogen).

ding
pure

7

7.1

Stati

For
indic

For
uppe

of the gaps shall be done at random sample points.

As 4
perfq
pres
lowe

NOTH

7.2

Bpecific requirements for static flame arresters

Construction requirements for prototype arresters

c flame arresters shall consist of a flame arrestér element and a housing.

flame arrester elements with quenchinglgaps, the dimensions and tolerances sha
ated (for example, gap length and width>of gap).

trimped ribbon flame arrester elenents used for the test, the gaps shall not fall beloy
r tolerance limits of the quenching gap over 90 % of the entire surface. The measure

n alternative to gap.measurement, equivalent performance may be demonstrate
rming a flow test ‘according to Annex A and comparing the results with a refer
sure drop curve (provided by the manufacturer. The pressure drops shall be equal

r than the refefence curve.

The intention of this requirement is to cover the worst-case scenario.

Design series

| be

the
ment

0 by
Ence
o or

Stati

c\flame arresters of similar design, except endurance burning and pre-volume f

ame

arresters, 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

d

imensioned;

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-

q

uenching path length as the larger tested size.
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Additional requirements for in-line flame arresters are the following:

Con¢entric and eccentric shaped housings form different design series,

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

Formula (1), shall not deviate by more than £10 % from the ratio of the largest nominal size
of the four members:

RA:% (1)

Table 6 — Design series

Nominal size of connection
mm
10 | 20 |32
ES)ZZLJ: to | to | to [50|65|80 (100 [125|150 |200 |250|300350|400 |450 |500 |600|700|800|900 1000
15 | 25 | 40
7.3 | Flame transmission tests

7.3.1 General

Nonimeasurable types of flame_arresters shall be equivalent in design, manufacture|and

con

max

Truction to the test sample. The test pressure shall be at least 10 % higher than the
mum operational pressure, p,, of the flame arrester.

Flame arresters with pressure/vacuum valve(s) integrated on the protected side shall hav¢ the
valve secured in the fully open position, or the pressure/vacuum valve pallets shall be taken

out

during the test.

Flame arresters with pressure/vacuum valve(s) integrated on the unprotected side shall have

the

In li
acc

alve pallets installed and blocked open to provide a gap of (2,5 £ 0,5) mm during eachl|test.

ne flame arresters directly combined with separate pressure/vacuum valves shall be tested
ording to the procedure in 7.3.2.2 with L, = 10 x D and at the intended maximum relieving

pressure of the system.

NOTE These end-of-line venting systems can be classified as follows:

a)
b)

c)

as end-of-line deflagration arresters, in accordance with 7.3.2.1;

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;

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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Deflagration test

A 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
be fitted with a shut-off valve.

AssH
COVE

Fill the apparatus, fully inflating the bag with a mixture as specified in 6.3.2. Isolgte the mi

supg

Carry out two tests for each ignition point so that a total of six tests”wil result. F
mission shall be indicated by the flame detector on the protected side. No flame

trans
trans

If the
size

Key

mble the flame arrester with all ancillary equipment, including weather cowls or_¢
rs, and enclose it in a plastic bag.

ly and ignite. The ignition source shall be a spark plug or a igniter (maximum energy 1

mission shall occur in any of the tests.

may be considered acceptable without testing.

Dimensions in nj

|
N =

3
~N b~ O

IEC

1 ignition sources

m

m

o N o o b~ W N

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

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

ixture inlet with shut-off valve

ixture outlet with shut-off valve

bursting diaphragm

flame detector for recording

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

ther

ture
kJ).

ame

largest and smallest nominal sizes of a design series are satisfactorily tested, intermedliate

etres
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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
(1IB and IIC). The pipe length, Ly, shall be 50 x D.

NOTH

1t oo neaat: thaot th BHe lanath 7 h o by th £ oy
et €

Y f o £l t
T EaS5€ 0TSt CeeSSTur—6

L, wil
Itis
then

The
unpr
shal

TS ComMo—prattee

be the maximum allowable run-up length for practical installations (see E.2.1).

he-pipetength—~——be-givenby-the-manufasturer

bossible in larger pipe sizes to approach the transition from a deflagration to_a deton
when testing at raised prg and L, = 50 x D. If a deflagration to detonation transitiontis indicated,

testing with lower L, is appropriate.

flame velocity shall be measured by two flame detectors fittédyto the pipe on

ptected side, in accordance with Figure 2. The distance b betweénjthe two flame dete
be in accordance with Figure 2. The pressure shall be recordéd by a pressure recol

systém, with a limiting frequency = 100 kHz, fitted to the pipe on the unprotected side,

distd

w

ur

flg

in

nce a in accordance with Figure 2.

! b |a sl
@R @R
/
7

nd flange with ignition source

xture inlet

protected pipe (length, L ; diameter, D)
me, detectors for recording

line-deflagration flame arrester

IEC

sting,

ation

the
ctors
ding
at a

pr

pr

essure transducer for recording

otected pipe (length, Ly diameter, D)

4
5
6
7 flame detector for recording
8
9

mixture outlet

10 blind flange or other closure

as<?2

5xD

x D, buta <250 mm
>h23xD

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

docu

mented.

7.3.2.3 Pre-volume flame arrester

The

For

prespurize the plastic bag (end-of-line application, see 14.1). In this case, the mixture 9

(item

Pre-

scal¢ model configuration.

Pre-yolume applications using end-of-line types shall be enclosed in“a plastic bag, as shoy
Figufe 3.

Pre-yolume applications using in-line types shall be connected to the actual pipe wol
equipment on the protected side, or to pipe work simudating the actual length, diameter|
volume.

Flame transmission shall be indicated by the following:

a) f
(
b) f

est apparatus IS shown In Figure 5.

pre-volume flame arresters with non-measurable elements, it might be necessaj

6 in Figure 3) needs to be fitted with a shut-off valve.

olume flame arresters shall be tested using the original configuratior’ or equivalent

br end-of-line types, by visual observation of the ignition of the mixture in the plastic
P); a flame detector in addition is optional;

br in-line types, by the flame detector (7).

y to
utlet

full-

VN in

k or
and

bag
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6.

10 m/

M 9 T

\
.
®
4
T

IEC

hition sources (for example, spark plug)

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

end-of-line flame arrester

line flame arrester
plosion-pressure-resistant containment (vessel or closed pipe/work)

xture outlet with shut-off valve

flame detector for recording
orjginal or simulated pipe work with mixture outlef\and shut-off valve

byrsting diaphragm

10 pressure transducer for recording

11 m

If th

xture inlet with shut-off valve

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

e enclosure has mere than one outlet, all flame arresters shall be used and te

simultaneously.

Fill t

he enclosureland the plastic bag or pipe with a mixture as specified in 6.3.2. Discon

the mixture supply and ignite separately at three positions inside the enclosure: one as ¢

as p

pssiblesto/the flame arrester, one at the most likely position of an ignition source and

as fgqr away.from the flame arrester as possible.
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occur 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

shall

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.
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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

The

test apparatus is shown in Figure 4.

ina diamatar chall hava tha cama ciZa ac tha flama
Ca Sta € €

The

deto
orcl
to re

The
blind

For measuring flame velocities and detonation pressures, four flame detectors and a preg

trans
side
with

One
trans

The

when ptg 2 pg. Under these conditions,five tests shall be carried out.

In e
dete

n. o o170 <y
L A~ T TretoTs 3 ooy oo To— o C—TTotrro— ottt

pipe on the unprotected side shall have a length, L, sufficient to develop. @ s

hation and shall have a blind flange or an explosion-pressure-resistant containment (v4
bsed pipe work) fitted with an ignition source. The pipe may also contain a flame accele
duce the pipe length for stable detonation conditions.

pipe on the protected side shall have a length, Lp, of 10 x D, but‘hot less than 3 m.
flange or other closure shall resist the shock pressures during testing.

ducer with a limiting frequency = 100 kHz, shall be fitted“to the pipe on the unprote
The position of the flame detectors and the pressureytransducer shall be in accord
Figure 4.

flame detector shall be fitted to the piperon the protected side to indicate f
mission.

npparatus shall be filled with a test mixture as specified in 6.3.2, and at a pressure of,

pch test, the difference between the flame velocities measured by two pairs of f
Ctors (see Figure 4) shall-not exceed 10 % of the lower value.

Typical detonation velocities are = 1 600 m/s for hydrocarbon-air mixtures (IlA, IIB1, 1IB2 and |IB3
0 m/s for hydrogen-airsmixtures (I1B and IIC).

pressure time rec¢ord shall indicate a stable detonation shock wave.
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xture inlet

plosion-pressure-resistant containment (vessel or closed pipe work) or blind flange
hition source (for example, spark plug)

protected pipe (length, L ; diameter, D)

me detectors for recording of the flame velocity measurement
essure transducer for recording

tonation flame arrester

me detector for recording

ptected pipe (length, Ly diameter, D)

nd flange or other closure

xture outlet

00 + 100) mm

x D, but 5 2100 mm

0 mm

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

the arrival of a stable detonation shock wave, the pressure (see item 6 in Figure 4)
in constantatprg. If not, a longer pipe or turbulence promoting equipment may be us

average-value pq4 of the detonation pressure shall be calculated from the area ints
v the Jpressure-time trace, starting at the maximum pressure peak and covering a

shall
ed.

bgral
time

inter|

vallof 200 us.

The average value p,,4 shall be calculated according to Formula (2):

t
J‘ Ppeak+200 us p(t)dt

!Ppeak
200 us

Pmd =

(2)

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

a

I

for pipe diameters < 80 mm the quoted pressure ratio is not achieved, tests shall be carried out using a

ajr mixture of a lower safe gap to qualify the arrester as a detonation flame afrester.

gas-

In a
acco

a) f

The
blind
repo

The
any

jdition, deflagration tests shall be carried out wheré<the basic test set-up shall &
rdance with Figure 4, with Ly= 50 x D, as follows:

ve deflagration tests with
L /D =50 for lIA, 1IB1, 1IB2 and 1IB3, or

L /D = 30 for IIB and IIC.
gnition source for these deflagration‘tests shall be a spark plug fitted in the centre o

rted.

nitial pressure, deflagration and stable detonation pressure, the values of p,,,4/ptg and
lame velocities recorded during the tests shall be reported.

An grrester of this type’shall prevent flame transmission in any of these stable detonation

defls

7.3.3

The

gration testst

3 Stable detonation with restriction (Type 3)

test'apparatus is shown in Figure 5.

e in

f the

flange. For these deflagration tests, flame velocity measurements are not required fo be

also

and

The

The

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

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

tore

duce 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, Lp,

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.

6 8
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m|xture inlet
explosion-pressure-resistant containment (vessel or closed pipe wofrk)*or blind flange

ighition source

A w0 N

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

dgtonation flame arrester

flame detector for recording

© 00 N O O

protected pipe (length, Lp; diameter, D)
10 bl|nd flange or other closure

11 mjxture outlet

12 reptriction (L, = 4 x D)

a = (200 + 100) mm

b 23 D, but b =2 100.mm

¢ 2100 mm

Figure 5.=.Test apparatus for detonation flame arrester for detonation with restriction

One| flame detector shall be fitted to the pipe on the protected side to indicate flame
transmission.

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 %.

When p,,4/p1g €xceeds 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
turbdilence promoting equipment be used.

In agdition, deflagration tests shall be carried out, where the basic test set-up.'shall Qe in
accgrdance with Figure 5, with L, =4 x D and L, = 54 x D, as follows:

a) five deflagration tests with /D = 5, and

b) five deflagration tests with
o L, /D =50 forllA, 11B1, 11B2 and IIB3, or

L,/D = 30 for IIB and IIC.

The jgnition 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 fo be
reported.

The |nitial pressure, deflagration and stable detenation pressure, the values of p,4/p1g and|also
any flame velocities recorded during the tests¢shall be reported.

An grrester of this type shall prevent flame transmission in any of these stable detonation[ and
deflggration tests.

7.3.3.4 Unstable detonation'without restriction (Type 2)

The test apparatus is shown.in Figure 4.
The pipe diameter, D{shall have the same size as the flame arrester connection.

The [pipe on thewunprotected side shall have a length, L, sufficient to develop an unstable

detopation and‘shall have a blind flange or an explosion-pressure-resistant containment (vessel
or clpsed pipe work) fitted with an ignition source. The ignition source may be mounted t¢ the
wall pf thejunprotected pipe. The pipe may also contain a flame accelerator to reduce the|pipe
length.for unstable detonation conditions.

The pipe length and configuration 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
example, by solid detonators, or long accelerator sections should be avoided.

The ppparatus shall be filled with a test mixture as specified in 6.3.2, at a pressure, ptg, When
P1B T PoO"

Undér these conditions, five tests shall be carried out.

In agdition, deflagration tests shall be carried out, where the basic tesi\set-up shall Qe in
accdrdance with Figure 4, with Ly = 50 x D, as follows:

Five|deflagration tests with

|
D~

J/D =50 for IIA, 1IB1, 11B2 and 1I1B3, or
o/D =30 for IIB and IIC.

|
~

The fgnition 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 fo be
reported.

The nitial pressure, deflagration and unstable detonation pressures, the values of p,4/ptg and
alsolany flame velocities shall be reported.

An grrester of this type shall prévent flame transmission in any of these deflagration|and
unstable detonation tests.

7.3.3.5 Unstable detonation with restriction (Type 1)

The test apparatus is\shown in Figure 5.

The pipe on the) protected side shall have a length, Ly, of 54 x D. A restriction shall be fitt¢d at
L,/D|= 4. The restriction shall consist of a blind flange with a central bore. The central bore ghall

havdg 2,5/%.0f the cross sectional area of the pipe. The closed pipe end and the restriction ghall
resigt the-shock pressures during testing.

The test procedure for unstable detonation testing as well as the characteristic of an unstable
detonation shall be in accordance with 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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Figure 6 — Test apparatus for short time burning test
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For flame arresters whosg intended operating conditions are outside the atmospheric conditions

asg
equd
or gn
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tot

cross sect|onal area of the row

ven in Annex E, thestest of inline flame arresters shall be carried out with the test pregsure
| or greater than the intended maximum operation pressure and test gas temperature gqual
eater than the_infended maximum operating temperature. The test of inline flame arresgters
g1 = 1 minmay be carried out under atmospheric conditions.

W measurement system shall be used to measure the mixture flow rates. The flame arrgster
bée fltted W|th a temperature sensor for the test only. ThIS sensor shall be mounted glose

The tests shall be carried out using a test mixture as specified in Table 4. 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):

Vc =0,75x 49 xv;

(3)
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where

Vi
Vi

Vi

= 0,5 m/s for [IA1 and llA;
= 0,8 m/s for 1IB1, 11B2, 1IB3 and IIB;
= 3 m/s for IIC.

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
estimated according to Formula (4):

The

mixt
stab
(1m

that
is st

Carr

flam

temperature reading of the three tests, then Vm =V .. If not, carry out two further tests with
rateg 50 % and 150 % of the flow rate whigch~gave the highest reading in the first three t

vV

m

dete

the flame arrester elements havebeen replaced, a final test shall be carried out with the

rate

deflggration or detonation tést.

In an

burn

Whe

less

Ao :RUXAt

tests shall be carried out with a continuously operated pilot flame ot spark. Ignitq
ire until the flame has stabilized on the surface of the flame arrester-element. After f
lization, continue burning for the burning time, tg1, specified(py the manufac

n < tg7 < 30 min). Record the temperature indicated by the tesf.téemperature sensor

fime and stop the flow. No flame transmission shall occur duringthe tests or when the
bpped.

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

e arrester shall be at ambient temperature at the/beginning. If Vc results in the hig

vill be the flow rate that results in the highest temperature reading in all five tests. V]

'mining the flow rate Vm, flame .arrester elements may be replaced between the tes

vV, using the original flame arrester element, without modification, that was used fo

m?

. t .
ng time, tgf-Where % < 15 min.

(4)

the
ame
furer

after
flow

| the

hest

flow
bsts.
Vhen

ts. If
flow
r the

y of the tests, the-integrated temperature sensor(s) (8) shall produce a signal that can be
used to activate counter measures within a burning time of 50 % of the manufacturer's speg

ified

r using an integrated temperature measuring system, it shall record a temperature ris¢ not

than 60 K after a burning time of not more than ﬁ

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.

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

One|temperature sensor (6) shall be mounted on the protected side. The locationlof| this
temperature 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
flamg (start of burning load).

The fests shall be carried out using a mixture as specified in Table 5¢

&
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1 odtlet pipe

intline flame afrester
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m|xtureé inlet

temperature sensor for recording for tests only
pilot flame or spark igniter

flame detector for recording
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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
estimated according to Formula (4) in 7.3.4.

The |tests shall be carried out with a continuously operated pilot flame or spark. Ignitg the
mixtlire until the flame has stabilized on the surface of the flame arrester element.

Carry out the following preliminary testing for critical flow rates.

Aftelf flame stabilization, continue burning until the protected side temperature sensor indidates
a temperature rise of 20 K and then stop the flow. Record the time from stabilization of the
flame 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| the
flame arrester shall be at ambient temperature at the start.

If Vc results in the shortest time to 20 K temperaturg increase, then Vm =V .. If not, carry out
two further tests with flow rates 50 % and 150 % -of the flow rate which gave the shortest|time
in the first three tests. Vm will be the flow ratesthat results in the shortest time in all five tgsts.

When determining the flow rate Vm, flamevarrester elements may be replaced betweer) the
testy.

The |endurance burn test shall be carried out with the flow rate Vm, using the original flame
arrester element, without modification, that was used for the deflagration or detonation |test.
Mairftain the mixture composition and the flow rate Vm (x5 %) until a stable temperature is

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

The flame detector (8) shall indicate any flame transmission. No flame transmission shall dccur
during thestests or when the flow is stopped.

All types and nominal sizes shall be tested.

Modifications that do not change the flame arrester element and are part of the housing to which
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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a) End-of-line flame arrester b) In-line flame arrester
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oVyerflow pipe/outlet pipe
injmersion pipe

imMmersion depth

o A W N
3

filling height

Figure 8 — Liquid productdetonation flame arrester
8.2 | Foot valves

Thene shall be an end-of-line flame arrester incorporating a non-return valve (foot valve) In an
immersion cup, providing an immersion depth of not less than that specified by| the

manpfacturer. A screen or perforated plate shall protect the valve seat from solid particles|(see
Figule 9).
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IEC
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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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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
given in 7.3.3.2 and, if necessary, in 7.3.3.4, are met, but using the test apparatus shown in
Figure 10. On the basis of the operational conditions for these flame arresters, only three

deto

The

The
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Key
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Q

urf
flg
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q

nation tests with the respective characteristics shall be carried out.
flame arrester test shall be carried out in the orientation required in service.

foot valve shall be opened for the test to present a gap at least equal to or,greater tha
ing in the screen or perforated plate used to protect the valve seat from\solid particle

8
6

SRR YA
X\‘x \ { o}
|

b c b

(S

230xD
'l

T QR)' QR QR

—_—

IEC

xture inlet

plosion-pressure-resistant containment (vessel or closed pipe work)

ighition source

protected pipe (length, L ; diameter, D) with bypass
me detectors for recording the flame velocity measurement
essure transducer for recording

uid. product detonation flame arrester

n the
5.

© 00 N o o

m

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

The set pressure, closing pressure and flow rate at closing point I)CL of the dynamic flame
arrester shall be specified.

Dynamic flame arresters with more than one nozzle shall have each nozzle tested’for flame
trangmission. During the flame transmission tests, the dynamic flame arrgster shall be
combined as one flame arrester.

Othgr openings (for example, drain plug) shall be tested in accordance-’with their operation
pringiple.

The |tests shall be carried out with the same test sample without adjustments and without
replgcement of components.

For €ndurance burn proof dynamic flame arresters, thé test order shall start with endurgnce
burnjng according to 9.2.4.

For {he tests described in 9.2, the completion af the undamped oscillation test in accordance
with|A.4 shall be carried out to provide Ly, Dygand V.

9.2 Flame transmission tests
9.2.1 Low flow flame transmission test

The ftest apparatus is shown in(Figure 11. The pipe length and the pipe diameter betweem the
explpsion-pressure-resistant gontainment and the dynamic flame arrester shall be L, and Dy,

and the volume of the explosion-pressure-resistant containment shall be 7}, (given in A.4). A
smaller volume than7q; may be used providing that it does not increase the risk of flame
trangmission.

NOTH 1 If the valye displays undamped oscillation (hammering) according to A.4, it is an indication that the vplume
used |s too small.

A teinperature sensor for testing shall be attached to the dynamic flame arrester as closle as
possible’to the stabilized flame (for example, at the valve seat). Ignition shall be maintaingd 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.

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

t

he fully open dynamic flame arrester.

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

as s

pecified 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),

t

hereby forcing the dynamic flame arrester to close.

b) | f—the—dvhnamic—flame—arrester—varies—periodicallv—between—the—closed—and-open—po
tHe—ayHraHe—HaHRe—aH te—aHes—peHoctcaHy—oe+tW H—A T & peh—p

If th

ition

oo

ssociated with a varying pressure in the containment, the test duration shall be a mihi

mum

f 5 min or 50 open/closed cycles and shall furthermore cover a minimum of five \clgsing

ctions before the next flow rate step is adjusted.

flow rate readings vary due to the opening and closing cycles (see case'b) above)

apprppriate averaged flow rate shall be used.

This

testd shall be repeated with the dynamic flame arrester inclined\(10 = 1)° to the ve
orientation, unless the use is limited to fixed vertical applications without changing of inclin
during operation.

NOTH

on marine vessels.

No f

ame transmission shall occur during these tests:

| the

procedure shall be carried out with the dynamic flame arrester in.the upright position| The

tical
ation

2 Testing in the inclined position is intended to simulate motion-of the dynamic flame arrester, for example,
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Hynamic flame arrester
bxplosion-pressure-resistant containment
Mmixture inlet

pursting diaphragm

emperature sensor for recording (for tests only)
pilot flame

lame detector for indication

© 0o N o o b~ W N

flow meter for recording

-
o

shut-off valve
11 pressure sensor for recording

Hiameter of the pipe on the protected side*determined in accordance with A.4
L bipe length upstream of the dynamic«flame arrester determined in accordance with A.4

olume of the explosion-pressuré-résistant containment

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

9.2.% Flame transmission test by opening and closing

The fest apparatus is shown in Figure 11. The pipe length and the pipe diameter betwee:E the
explpsion-pressure-resistant containment and the dynamic flame arrester shall be L, and Dy,

and Jthe ‘'volume of the explosion-pressure-resistant containment shall be 7, (given in A.4).
A smaller volume than V), may be used providing that it does not increase the risk of flame
transmission.

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,
on 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.

9.2.4 Endurance burning test

The fest apparatus is shown in Figure 11. The pipe length, L, between the explosion-presgure-
resigtant containment and the dynamic flame arrester shall-not exceed Ly,. A temperature

sengor for testing shall be attached to the dynamic flame arrester as close as possible t¢ the
stabllized flame (for example, at the valve seat). Ignitign shall be maintained by a permanent
pilot|flame. The pilot flame shall be positioned as close as possible to the mixture outlet to
atmqsphere, but far enough away from the mixturé<outlet to avoid heating or influencing the
corrgct operation of, the dynamic flame arrester, The pilot flame shall burn propane and prqvide
a stgbilized pilot flame.

Using a gas-air mixture as specified in Table 4, the pressure in the explosion-pressure-resigtant
contginment shall be increased to force the dynamic flame arrester open and then shall be

mairftained at 10 % above the established closing pressure. The corresponding flow rate,| V7,

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

the flow shall be increased“in increments of 20 % of ¥, 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.

Whep the temperature starts to decrease, the flow rate VE is the maximum flow rate that shall

be uped in thisdest. The flow rate shall then be reduced in increments of 10 % of VE and pfter

eacH step<shall be maintained until the temperature change is less than 10 K/min, but for a
minitlnum of'5 min. Flow rates for which the corresponding temperature has been recorded need

not herepeated, and tests need not be made at flow rates below Vn. Upon completion, the[flow

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

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:

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

b) gutomatic equipment (5) to maintain the water level above the minimum) operat|onal
immersion depth (Zyin);

c) g temperature sensor (8) for the water seal;

d) gn integrated temperature sensor (7) above the water seal (12) toindicate a stabilized
flame.

10.2| Flame transmission tests
10.2{1 General

Hydrdaulic flame arresters shall be tested for short 4ime burning, deflagration and s{able
detopation in succession. Before ignition, mixturest\shall be at ambient conditions on the
unprptected side. Each test shall be carried out.with the minimum immersion depth at|rest
(Zrdin) Which corresponds with the minimum operational immersion depth (Zy,i,) specifigd by

the manufacturer. The flow rate of the mixture shall be measured with a sensor (9) at the |nlet,
and flame transmission shall be detected with*a flame detector (18) in the inlet pipe.

10.2]2 Short time burning test

The |test apparatus is as shown™in Figure 12, with the mixture outlet pipe (6) removed if
necgssary.

The jgnition source (14) shall be positioned (100 + 20) mm above the water seal (12). The test
shall be carried out for-not less than 5 min with a water seal temperature = 10 °C, at which|time
the temperature shaltl\remain < 30 °C.

The pafe volume-flow rate Vmax shall be determined for the minimum immersion depth at| rest

(Zrin) respectively at the minimum operational immersion depth (Zg,,) at which no flame

trangmission occurs. Four tests shall be carried out with 7, .. No flame transmission ghall

1 ftho t 1
OCCUHHR—ayo+theiesis-

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.

Three tests shall be carried out on each length.

If flame transmission takes place, the flow shall be reduced to a level where no\flame
trangmission occurs. This reduced flow shall then be recorded as Vmax.

10.2/4 Detonation test
The fest apparatus is shown in Figure 12, with the mixture outlet pipe (6) invplace and equipped
with [four flame detectors (15) in the straight part of the pipe close to the outlet (16) (seelalso

Figufe 4). All tests shall be carried out with the mixture outlet pipe (6) with the maximum
dianjeter, D, for which the hydraulic flame arrester shall be used.

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

Testp 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
at rest (Zgrmin), for which the hydraulic flame-arrester is acceptable.

No flame transmission shall occur in any of the tests for the flame arrestor to pass.
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jas or vapour mixture immersion pipe(s)

jas or vapour mixture inlet

Wwater seal level indicator with an optical display
hutomatic water seal level control

mixture outlet pipe (length, £ ; diameter, D)

emperature sensor for_alarm to indicate a stabilized flame above the water seal
ivater seal temperature/sensor

Mmixture volume flow’sensor

Hirection of fmixture flow

Hirection\of-flame propagation

water, seal

gnition source for flame transmission tests

IEC

ignition source for stabilized burning tests
flame detector for recording flame velocity
mixture outlet

filling height

flame detector to indicate flame transmission

a=(25%3)mm

Figure 12 — Test apparatus for hydraulic flame arresters
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11 Test of flame arresters installed on or within gas conveying equipment

1.1

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.

Flame arresters for the protection of the pipework connected to the gas conveying equipment,

whic

are integrated or mounted on the inlet and outlet side of the gas conveying equip

ent

shal
trang
equi

The
temg
the
elem

No f
flam

11.2
11.2
The

resp
Figu

be tested, together with the gas conveying equipment, for safety againsti\f
mission through the flame arrester in the case of explosions in the gas eonpvs

bment inside.

results of the tests with ambient temperatures <60 °C at the flame arresters app
eratures from -20 °C up to +60 °C at the flame arrester elements. If-dufing operatid

jas conveying equipment, temperatures of more than 60 °C arise(at-the flame arrg

ame
ying

y to
n of
bster

ent, additional tests shall be carried out with the correspondingly. warmed flame arresters.

ame transmission through the flame arrester into the connegting pipes shall occur af the

b arresters in any of the tests to be carried out for the flame-arrestors to pass.

Flame transmission tests

1 General

instructions for the tests of the gas conveying equipment are specified depending on the

bctive rated inlet pressure according to 1$,2.2 and 11.2.3. The test apparatus is shoy
e 13.

vn in
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Key
1 g4gs conveying equipment
2 flgme arrester inlet side, size of flange connection &1
3 flame arrester outlet side, size of flange connection @2
4 tept pipe flame arrester inlet side — throttle:valve (&: D,, length: L,), D, < @1
5 tept pipe flame arrester outlet side — throttle valve (@: D,, length: L,), D, < @2
6 thfottle valve
7 mjxture inlet
8 mj|xture outlet
9 pressure sensor (statiC);)in addition as an option: pressure sensor (dynamic), flame detector and tempefature

sgnsor
10 pressure sensorydynamic)

11 flgme detector

12 temperatire'sensor on the flame arrester surface facing the test pipe

13 alfernative 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

equi

The

pment on the inlet side or on the outlet side.

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

Aftel

Tabl

shal

12 tq

and

temperature (60 °C or the maximum allowed temperature given by the manufacture at the
general rule). The maximum gas temperature shall’be-measured at the mixture outlef.

as a

Six tpsts shall be carried out with switched-off equipment (see Table 8). The equipment an

test

Tabje 8 — Number of the individual testsxand test parameters for the flame transmiss

lo
— position of the throttle valve, and
t

b 8:

perating state of the equipment,

pst mixture pressure in the test apparatus

be adjusted for the respective test.

the equipment shall be warmed up that the temperature profile up to a steady-

mixture shall be at ambient temperature whenthe test mixture is ignited.

test of flame arresters installed ontor within gas conveying equipment with inlet
pressures > 600 hPa

sufficiently purging the test apparatus with the test mixture, the specified parametelrs in

sts shall be carried out with working equipment (see Table)8). The mixture temperature

state
inlet

i the

sion

Test parameters

Operating state Mixture pressure Ignition point Position of the Number
throttle valve of tgsts
Max. inlet pressure Open 3
Inlet side
Max. outlet pressure Approx. 80 % closed 2 3
Rot3ting at max. speed
Max. inlet pressure Open 3
Outlet side
Max. outlet pressure Approx. 80 % closed 2 3
Inlet side closed 3
Statjonary Max. inlet pressure
Outlet side closed 3
a alve closed so far (apprnv 809 ) so that the maximum outlet pressie is achieved in the nqllipmnnf’ Hut 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

clas

s 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.

Testp shall be carried out at the maximum operational temperatures at the flame arrJester
element 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 throttle valve Number of tests
Temperature at the flame arresters: Ambient temperature (< 60 °C)
Inlet side Open 3
Rotgtion at max. speed Max. outlet pressure Closed 5
Outlet side
Open 3
Inlet'side Closed 5
Statlonary Max. inlet pressure
Qutlet side Closed 3
Add|tional tests if the temperature at the flame arresters at outlet: > 60 °C
Rotgtion at max. speed Max. outlet pressure Outlet side Closed 6
Inlet side Closed 3
Statjonary Max. inlet pressure
Outlet side Closed 3
Add|tional tests if the temperature at'the flame arrester at inlet: > 60 °C
Rotgtion at max. speed Max. outlet pressure Inlet side Open 3
Inlet side Closed 6
Statlonary Max. inlet pressure
Outlet side Closed 3

In addition;-the flame arrester on the inlet side shall be subjected to a short time burning flame
trangmission 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.

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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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;

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;

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 shall
fulfil these requirements as a minimum;

the burn time (and, if this burn time was determined under conditions outside| the
tmospheric conditions as given in Annex E, the pressure and temperature under which it
as determined);

e

W

the allowed installation direction of the flame arrester with regard to flow direction|and
pgrotected side;

deneral instructions for safety

o/ putting into service;

o use;

o/ assembling and dismantling;

¢/ maintenance (including cleaning instructions and the-procedure to be followed gfter
deflagration, detonation or stabilized burning conditions have taken place);

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

o/ where applicable, Specific Conditions{of Use that require additional protective mearns by
the installers or users;

g list of the standards, including the’issue date, with which the equipment is declared to
omply. The certificate can be used to satisfy this requirement.

(@)

In agldition to these minimum_particulars, the limits for use are also a link to more general
(operational) safety considerations and regulations, which remain the responsibility of the luser

and

13 Marking

13.1| Location

regulators. Annex B and”Annex C offer some guidance on these aspects.

The pquipment shall be legibly marked on the flame arrester housing and the marking shdll be

visibje{from 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 after
installation.

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)
d)
e)

g)
h)
i)
)

Manpfacturers and users shall ensure . that any marking is legible, and labels and attach
devites are durable and resistant to environmental corrosion under operating conditions.

13.2|2 Warning markings

Flame arresters shall be marked with the following information:

a)
b)
c)
d)

e)

g)

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

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

the last two figures of the year of the certificate followed by a "." followed by a uniqué
gharacter reference for the certificate in that year;

OTE 1 For some regional third-party certifications, the separating character ".
eparating designator such as "ATEX".

is often replaced by arf

Specific Conditions of Use apply, the symbol "X" shall be placed(after the certif
eference described in d) above. The use of a warning marking giving approp
pnstructions may be used as an alternative to the requirement for/the™ X" marking.

- =S = oz

OTE 2 It is the intent that the requirements of the Specific Conditions of Use; for example, mounting pg
I corrosion resistance, are passed to the user together with any other relévant information in the instru
r use.

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

—~ —h O =

for dynamic flame arresters;
drotected side (directional types only);

1ny additional marking if required by theyapplicable safety requirements of the relg
industrial standards for the construction<af the equipment.

Warning" (always in*English);
"flame arresters*have 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 f

drresters, L /D is not applicable ("n/a");

the name or mark of the certificate issuer and the certificate reference in the following form:

four-

other

cate
riate

sition
ttions

get pressure/set vacuum for flame arresters with integrated pressure/vacuum valve, apd/or

vant

ment

ame

fordetonation-flame. arresters, the cign "DET" in combination with the h}/rr_n:: number:

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

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
and the maximum volume flow rate (m3/h);

mm)

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

this is a tested property of the safety system.

i) Fquipmpnf Grmlp;

i) aximum operational temperature T (in °C);

k) maximum operational pressure p, (absolute pressure) (in MPa respectively in bar), where
pplicable.

13.2|3 Examples of marking

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

Figufe 14 shows an example of a marking plate for an end-of-line\deflagration arrester saffe for
burn|classification "a" for Equipment Group IIA, for an operational temperature, T, of 60 IC.

Warning
Flame arresters have installation @nd application limits
Type designation in accordance ‘Wwith 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"
Figufe 15 shows an example* of a marking plate for a detonation arrester of Type 2 for
Equipment Group 1IB3, for.a burn classification "b" of 15 min, an operational temperaturg, T,

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

NOTH 1 bar =0,14MPa.

Warning
Flame arresters have installation and application limits
Type designation in accordance with ISO/IEC 80079-49
IECEx XXX 12.3456
DET2 L/D=nla |BC:b gt = 15 min
IIB3 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) a

n identifier to ensure traceability;

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

Man

ufacturers and users shall ensure that any marking is legible and labels and attachment

devi

14 Manufacturing and production

14.1

ISO/
man

For {
less
The

As an alternative to visual inspection, equivalent\performance may be demonstrate

perfq
pres
drop

Ligh
can

trans

Man

reproducibility.

14.2
Thre

constructionalrequirements of IEC 60079-1.

14.3

ces are durable under operating conditions.

Construction

EC 80079-34 gives details for requirements of quality managementsystems for Ex prg
Lfacture.

echnical reasons, the gap dimensions of crimped ribbon flame arrester elements mg

total affected area shall not exceed 10 % of the total stirface area.

rming a flow test according to Annex A and<comparing the results with a refer
sure drop curve. The pressure drop of the production type shall be higher than the preg
of the prototype.

metal alloys shall not contain more.than 6 % magnesium. Coatings of components w
be exposed to flames during operation shall not be damaged in a way that makes f
mission possible.

Wfacturing process shall\linclude control of tolerances during production to en

Housing

ad gaps, which shall prevent flame transmission, shall be in accordance with

Joints

All jq

duct

y be

than the lower tolerance limits in the inner and outer areas of the flame arrester element.

j by
Ence
sure

hich
ame

sure

the

infs"shall be constructed and sealed in such a way that:

- fl
- fl

14.4

ame cannot bypass the flame arrester element, and

ame is prevented from propagating to the outside of the flame arrester.

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.

E d £ 1 | b £1 " ol N 4 I |
na-or=rre uciiayralult TIaltic aliTTcolTio TITTU TITUL UT PIcoosulc 1TColTU.

14.5| Leak test

Each flame arrester shall be leak tested with air at 1,1 x pg, with a minimum of 150.kPa absolute

for npt less than 3 min. No leak shall occur as verified by visual examination fepexample, ysing
leak|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

General

The pipes, as well as the connections between the pipes and the flame arrester, shall be smooth
and without obstructions causing additional turbulence.

The
arres

All p
the f

The
Amb|

A flo
of 1(
the
acco
the ¢

nominal size, D, of the test pipes (L4, Ly, L3 and L,) shall be the same size as_thg'f
ter or dynamic flame arrester connection.

ressure measuring points shall be arranged normal to the pipe axis and shall not influ
ow.

fest medium shall be air at ambient conditions.
ent pressure and temperature shall be recorded to convert-flow rate to normal condit

W measuring device shall be used to obtain a flow rate/pressure drop curve with a mini
suitably spaced readings from stationary flow conditions. The curve shall be provide
manufacturer. The flow at certain points on the curve shall be verified by the ExT
rdance with 6.2 and the pressure drops shall net differ by more than 10 % at any pla
urve.

ame

Pnce

ons.

mum
d by
L in
ce of

Separate flame arresters and pressure/vacdum valves that are combined and used togegther

shal

As an addition, testing of the flame arrester by itself is recommended to assist in

iden

The
test.

The
type

The
pres
/vac

be flow tested together as a single unit.

ification of the internal damage-of the flame arrester from explosion testing.

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

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

flow capacity of end-of-line flame arresters directly combined with or integrated
surefvacuum valves shall be recorded in accordance with A.3 in a type test. Preg
lutm valves manufactured for different pressure settings shall be tested at the lowesf]

the

type

na

into
sure
and

the h

ighpaf set pressure and for intermediate set pressures < 1 kPa nlnnrt

The flow capacity of dynamic flame arresters shall be recorded in accordance with A.3 in 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;

— Ly=2xD.

The |flow rate shall be increased in suitable steps up to the maximum requested by the
manpfacturer or user. The pressure drop for each step shall be recorded (see item|4 in
Figufe A.1).

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

/‘ Ly Ly L Ly

| N -

3 IEC

Key
1 blpwer or fan
2 flgw detector for recording
3 infline flame arrester
4 pressure sensor for recording
Ly, Ly Ls, L, length of apparatus pipes

Figure A1\~ 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

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

The

- f
- P
- P

The

redu
dynag
209
flam
mod
poin

The

the gynamic flame arrester is fully open and upward. The capacity shall be measured a
sure at which the dynamic flame arresterds fully open, and at five or more incremenits of

pres
10 9

The
dyna
flam
capa

A flo

flow measurement shall consist of three phases:

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

flow measurement for phase 1 is carried out to establish pressure,surges and/or pres
ctions. The flow rate to be used for this purpose is determined. as the flow at which
mic flame arrester is fully open. Ten equally spaced measurements (10 % of the flow
of the flow rate, etc.) shall be recorded in the interval fronishut to fully open. If the dyn
b arrester features a system that makes it change. itS dynamic characteristics

Llating to full lifting, 10 additional and equally spaced (measurements shall be made a
within a span of 10 % to each side.

flow measurement for phase 2 is carried out to.establish the pressure increase from

above this pressure.

flow measurement for phase 3-is" carried out to establish the blow-down value o
mic flame arrester. The flowsrate to be used is the least capacity at which the dyn
b arrester remains fully open- The pressure shall then be recorded for 10 equally sp
cities between this flow.and when the dynamic flame arrester is shut.

w chart shall be drawn based on the above measurements.

sure
the
rate,
amic
from
this

vhen
[ the

the
amic
hced
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bwer or fan

w detector for recording
plosion-pressure-resistant containment
essure sensor for recording

d-of-line flame arrester

hgth of connecting pipe

essure in the flow test of an end-of-line flame arrester

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

valves)

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

that
test
metg

The
with

Dy,

does not lead to undamped osecillations. The test apparatus is shown in Figure A.3.
set-up shall incorporate a valve disc location monitor (for example, video camera, pog
r) to trace the position of-the valve disc during the test runs.

nitial pipe length, L4, (Figure A.3), the volume, 7, and the pipe diameter, Dy, shall co
the specifications by the manufacturer.

Vv and Lyjaré also basic parameters for the flame transmission test (9.2.1) ano

resu
exis

ting limits<for use (9.2.2). For valves where (due to their characteristics) the possi

Undamped oscillation tests of dynamic flame arrester (High velocity vent

L
The
ition

mply

the
bility

s that.they exhibit periodic open/close cycles at certain flow rates, it is recommended to
comply, with the following condition: The tank volume, V), should be large enough to en

sure

that fank’volume has no effect on oscillations in any of the tests.

For any dynamic flame arrester type, the following tests shall be carried out at the lowest setting
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.

<[]

N

J o

)

IEC

Key

5N

blpwer or fan

f

qw detector for recording
cqntainment

pressure sensor for recording
dynamic flame arrester

pressure sensor

N OO o AW N

lehgth of vent pipe

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