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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.

ISO

collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

electrotechnical standardization.

The

described in the ISO/IEC Directives, Part 1. In particular the different approval criteria ep

..... i hermattenance are
ded for the

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

editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documéntmay be the subject of
patent rights. ISO shall not be held responsible for identifying any or all sueh-patent rights. Details of

any

on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any

constitute an endorsement.

patent rights identified during the development of the document willbe in the Introdug¢tion and/or

frade name used in this document is information given for the-éonvenience of users gnd does not

For an explanation on the meaning of [SO specific terms and expressions related to conformitylassessment,
as well as information about ISO’s adherence to the World-Trade Organization (WTO) prinfiples in the

Techhical Barriers to Trade (TBT) see the following URLZwww.iso.org/iso/foreword.html.

The

¢ommittee responsible for this document is ISQ/TC 21, Equipment for fire protection and firefighting.

This|second edition cancels and replaces the first edition (ISO 16852:2008), which has been technically

reviged with the following changes:

(lause 1: information concerningeXisting standard from IMO (International Maritime Ofganization)
for maritime application added;

3.18: definition of dynamicflame arrester revised;

(lause 4: abbreviatiopfor the time tppeak added;

6.5: production testprocedure for flame arresters of welded construction and of cast fomponents
revised;

6.7: flow measurement (air) revised;

T.3.3.2,and 7.3.3.4: in the flame transmission test for stable and unstable detonatiion without
festriction the deflagration tests with L /D = 5 deleted;

7.3.3.2: formula for the calculation of the average value pyyq added;

Figure 1 and Figure 3: figures for the test apparatus for deflagration tests of end-of-line flame
arrester and of pre-volume flame arresters revised;

Figure 6 and Figure 7: figures for the test apparatus for short time burning test and for endurance
burning test revised;

7.3.4: short time burning test for inline flame arresters revised;
7.3.5: test pressure for the endurance burning test of inline flame arresters added;
7.4.5: limits for use of short time burn flame arresters added;

8.3: flame transmission test for liquid product detonation flame arresters revised;

© ISO 2016 - All rights reserved v


http://www.iso.org/directives
http://www.iso.org/patents
http://www.iso.org/iso/foreword.html
https://standardsiso.com/api/?name=8701f69a0bbda688887af1fdb11192a9

ISO 16852:2016(E)

— Clause 9: “Specific requirements for dynamic flame arresters (high velocity vent valves)” revised;
— Clause 11: “Test of flame arresters installed on or within gas conveying equipment” added;

— 12.1: “Instructions for use” revised;

— 12.2: “Marking” revised;

— Figure A.1: pipe lengths revised;

— Annex C: “Best practice” revised;

A ]:\ (A4 ol 1. yagn M | e - £l o L1 G IR |
— nnex . UDST UL TITFIITC SUAdUIT UTLUIIALIUIT TI4dIIIC dI' TTSLCT S UCITLCU,

— Bibliogiaphy: updated.
Italso incorporates the Technical Corrigenda ISO 16852:2008/Cor 1:2008 and ISO 16852:2008/Cor 2:2009.
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Introduction

Flame arresters are safety devices fitted to openings of enclosures or to pipe work and are intended to
allow flow but prevent flame transmission. They have widely been used for decades in the chemical and
oil industry, and a variety of national standards is available. This International Standard was prepared
by an international group of experts, whose aim was to establish an international basis by harmonizing

and i

ncorporating recent national developments and standards as far as reasonable.

This International Standard addresses manufacturers (performance requirements) and test institutes

(test

methods), as well as customers (limits for use).

Only|
Exp¢g
resty

The hazard identification of common applications found in industry leads to the)specificatid

metH
Inten
and {

relatively general performance requirements are specified and these are kept to a st¥i
rience has shown that excessively specific requirements in this field often ereate
ictions and prevent innovative solutions.

ods. These test methods reflect standard practical situations and, as such, form the
national Standard because they also allow classification of the various types of flan
hen determination of the limits of use.

A co

reasons.

a)

b)

q

q

Cons
and 1

q
q

1

The
Inter
mant

negligible; importance being placed on the flame quenching effect of the gap.

installation sitGations.

siderable number of test methods and test conditions had to be'taken into account fj

ifferent types of flame arresters are covered with.respect to the operating prin
ydraulic, liquid, dynamic) and each type clearly needsiits specific test set-up and test

is necessary to adapt flame arresters to the special conditions of application (gas,
ecause of the conflicting demands of high flaine quenching capability and low pressy
ituation is completely different from the otherwise similar principle of protection by
bnclosure (of electrical equipment), where the importance of process gas flow thrg

equently, in this International Standard, the testing and classification related to thg
he installation conditions have been subdivided more than is usually the case. In part

bxplosion group IIA is subdiyided into sub-groups [1A1 and IIA,
bxplosion group IIB issubdivided into sub-groups 11B1, [IB2, [IB3 and IIB, and

he type “detonation arrester” is divided into four sub-types, which take into accg

test conditions lead to the limits for use which are most important for the cus
nationakStandard specifies this safety relevant information and its dissemination
ifactiirer’s written instructions for use and the marking of the flame arresters.

't minimum.
unjustified

n of the test
heart of this
he arresters

br two main
tiple (static,

brocedure.

nstallation)
re loss; this
flameproof
ugh gaps is

gas groups
cular,

unt specific

tomer. This
through the

The

imits for use are also a link to more general (operational) safety considerations and

regulations,

which remain the responsibility of national or corporate authorities. Annex B and Annex C offer some
guidance in this field.
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Flame arresters — Performance requirements, test
methods and limits for use

1

Scope

This International Standard specifies the requirements for flame arresters that prevent flame

trang
for t}
gpecifies test methods to verify the safety requirements and determine safe limits, 'ofjuse.

and

This

rang

NOTH
see 7|

NOTH
abovy{
inten|

appli

NOTH
Orga

This

NOTH
as w

(bim
f

2

q

T SSIOM WHETT EXPIoSIvVe Bas-aiT O VApOUT-diT X tUTES are Present. itestablistes urmifor
e classification, basic construction and information for use, including the marking ofiflai

q

International Standard is valid for pressures ranging from 80 kPa to 160&Pa and te
ng from -20 °C to + 150 °C.

1
4.

For flame arresters with operational conditions inside the scope, but'outside atmospher]

2 In designing and testing flame arresters for operation under(conditions other than th
e, this International Standard can be used as a guide. However, additional testing related spec
ded conditions of use is advisable. This is particularly importantwhen high temperatures and
bd. The test mixtures might need to be modified in these cases.

3  Anadditional standard IMO MSC/Circ. 677 for maritime application from IMO (Internatia
hization) exists.

[nternational Standard is not applicable to.the*following:

¢xternal safety-related measurement and control equipment that might be required
operational conditions within the established safe limits;

4  Integrated measurement and_control equipment, such as integrated temperature and f]
]l as parts which, for examplg, intentionally melt (retaining pin), burn away (weather ho

¢tallic strips), is within the scope'of this International Standard.

lame arresters used for_éxplosive mixtures of vapours and gases, which tend to self
e.g. acetylene) or which are chemically unstable;

flame arresters.ised for carbon disulphide, due to its special properties;

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

flame'‘arrester test procedures for internal-combustion compression ignition engines;

n principles
he arresters,

mperatures

ic conditions,

ose specified
ifically to the
bressures are

nal Maritime

to keep the

lame sensors
pds) or bend

-decompose

ixtures (e.g.

At actinaualuac aviinaguniching cxrc‘fnmc and aothar avnlacianicaolating cxrcl—nmc
[SISdvAd [SIadvAd

IerStotcortr VOV OO O I G O r Tt TeTITIO T o O tIre T S pPToOOTOT ToOTor eI it TeTIIToT

Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For undated references, the latest edition of the referenced document
(including any amendments) applies.

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

3

Terms and definitions

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

© ISO 2016 - All rights reserved
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flame arrester
device fitted to the opening of an enclosure, or to the connecting pipe work of a system of enclosures,

and whose i

3.2
housing

ntended function is to allow flow but prevent the transmission of flame

portion of a flame arrester (3.1) whose principal function is to provide a suitable enclosure for the flame
arrester element (3.3) and allow mechanical connections to other systems

3.3

flame arres

portion of a

3.4

stabilized |

'S 1 r's
CCT CICIIITIIU

flame arrester (3.1) whose principal function is to prevent flame transmission

urning

steady burnfing of a flame stabilized at, or close to, the flame arrester element (3.3)

3.5
short time

stabilized by

3.6
endurance

stabilized bu

3.7
explosion
abrupt oxid

simultaneoy

[SOURCE: IS

3.8

deflagration
explosion (3]

[SOURCE: IS

3.9
detonation

explosion (3|

burning
rning (3.4) for a specified time

burning
rning (3.4) for an unlimited time

htion or decomposition reaction producing afi*increase in temperature, pressure, or
sly

0 8421-1:1987, 1.13]

7) propagating at subsonic«elocity

0 8421-1:1987, 1.11]

7) propagating.at supersonic velocity and characterized by a shock wave

[SOURCE: IS0 8421-11987, 1.12]

3.10

stable detopation

detonation (393 -pregressing-through-a—econfined-systemwithoutsignificantvariation-of-velocity

pressure characteristics

both

v and

Note 1 to entry: For the atmospheric conditions, test mixtures and test procedures of this International Standard,
typical velocities range between 1 600 m/s and 2 200 m/s.

3.11

unstable detonation
detonation (3.9) during the transition of a combustion process from a deflagration (3.8) into a stable

detonation

Note 1 to entry: The transition occurs in a limited spatial zone, where the velocity of the combustion wave is not
constant and where the explosion pressure is significantly higher than in a stable detonation. The position of this
transition zone depends, amongst other factors, on pipe diameter, pipe configuration, test gas and explosion group.

© ISO 2016 - All rights reserved
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Note 2 to entry: An unstable detonation presents a higher level of hazard than a stable detonation due to higher
flame speeds and pressures.

3.12 Characteristic safety data of explosive mixtures

3.12.1

maximum experimental safe gap

MESG

maximum gap between the two parts of the interior chamber which, under the test conditions specified
below, prevents ignition of the external gas mixture through a 25 mm long flame path when the internal
mixture is ignited, for all concentrations of the tested gas or vapour in air

Note|l to entry: Safe gap measured in accordance with [EC 60079-20-1:2010.

3.12}2

explpsion group
Ex.G
ranking of flammable gas-air mixtures with respect to the MESG

Note [l to entry: See Table 2, columns 1 and 2.

3.13
bi-directional flame arrester
flame arrester (3.1) that prevents flame transmission from bath'Sides

3.14
deflagration flame arrester
DEF
flame arrester (3.1) designed to prevent the transmission of a deflagration (3.8)

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

3.15
detopation flame arrester
DET
flame arrester (3.1) designed to prevent the transmission of a detonation

Note|l to entry: It can be an end-of-line flame arrester (3.21) or an in-line flame arrester (3.22), and c3n be used for
both ktable detonations (3.10) and unstable detonations (3.11).

3.16
endyrance flame.arrester
flame arrester (3.1) that prevents flame transmission during and after endurance burning (3.6)

3.17
static flamme arrester
flame arrester (3.1) designed to prevent flame transmission by quenching gaps

3.171

measurable type

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

3.17.2

non-measurable type

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

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

© IS0 2016 - All rights reserved 3
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dynamic flame arrester
high velocity vent valve

pressure relief valve designed always to have efflux velocities that prevent the flame propagation
against the flow direction

Note 1 to entry: It can be deflagration proof (see 3.14) or endurance burn proof (see 3.16).

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 y

Note 1 to ent]
liquid seals a

3.19.1
liquid seal
flame arrest

3.19.2

foot valve f
flame arrest
barrier to fl

3.20

hydraulic f
flame arrest
column, thu

3.21
end-of-line
flame arrest

3.22
in-line flani
flame arrest

3.23
pre-volums
VDEF
flame arrest
inside an ex
into the con

Note 1 to ent
expected exp

+ £1 i ' £ daot 43
TCVCIIC T TaTITCCr AT STITTS STOTT OT a OCTOTTatroTr

ry: There are two types of liquid product detonation flame arrester for use in liquid product
hd foot valves.

flame arrester
per (3.1) designed to use the liquid product to form a barrier to flame transmission

Jame arrester

hme transmission

ame arrester
er (3.1) designed to break the flow of an explosive mixture into discrete bubbles in a |
5 preventing flame transmission

flame arrester
er (3.1) that is fitted with one pipe connection only

e arrester
er (3.1) that is fitted with(two pipe connections, one on each side of the flame arrester

flame arrester

pr (3.1) that, after ignition by an internal ignition source, prevents flame transmission
plosion-pressure-resistant containment (e.g. a vessel or closed pipe work) to the outsig
hectingpipe work

Fy: Explosion-pressure resistance is a property of vessels and equipment designed to withstarj
ldsipn pressure without becoming permanently deformed.

lines:

er (3.1) designed to use the liquid product combined witli<a non-return valve to form a

vater

from
le, or

d the

3.24

integrated temperature sensor
temperature sensor integrated into the flame arrester, as specified by the manufacturer of the flame
arrester, in order to provide a signal suitable to activate counter measures

3.25

atmospheric conditions
conditions with pressures ranging from 80 kPa to 110 kPa and temperatures ranging from -20 °C

to +60 °C

© ISO 2016 - All rights reserved
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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

maximum length without undamped oscillations

Ly, Lp

L3, L
Pmd

Pmu

Pt
pT
PTB

tBT
thea
TtB
To
Vmax

Vmin

pipe length upstream of the dynamic flame arrester used in flame transmission test
pipe length on the protected side

pipe length between flame arrester and restriction

pipe length on the unprotected side, maximum allowable run-up length forinstallation
pipe lengths in the flow test

time average value of the detonation pressure in the time interval 6£200 ps after arrival|of the deto-
nation shock wave

maximum time average value of the transient pressure of an‘unstable detonation over a fime inter-
val of 200 ps

pressure in the pressure test

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

pressure before ignition

maximum operational pressure

pressure drop in the flow test of an in-lineflame arrester

maximum pressure for the endurance’burning test of dynamic flame arresters

pressure which cause the maximum-temperature at endurance burning test

ratio of the effective open area of'the flame arrester element to pipe cross sectional area
ratio 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 fest
temperature ofthe’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

minimum volume flow rate for endurance burning on dynamic flame arresters
maximum volume flow rate for endurance burning on dynamic flame arresters
maximum volume flow rate for dynamic flame arresters at the set pressure

volume flow rate leading to maximum temperature

© IS0 2016 - All rights reserved 5
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minimum volume in the protected tank

fe volume flow rate

fe volume flow rate including a safety margin

maximum volume flow rate leading to flame transmission

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

VM

Vmax sa

VS sa

Vt

ZRmin

ZR im

Z0min m
th

Zo Of
ty]

All pressure

NOTE Sy

5 Hazar

5.1 Flam

The ignitior
hazard is cl3

A deflagrati
a stable det
upon the inj

A flame arr
arrester and

Unstable dd
stable deton

A flame arr
flame arresf

These hazai
at pTp is sui
MESG equal

ftial conditions of the mixture and the:pipe work configuration.

H | +1 4 i o Z 1 +1 £ £ U dad £ot.
I CT STOTT Ot PTIr at T CS G COTT Co PO TOZRMIN pros crcHranaractor O ST eCoTmmme ot oSarcty 11g

nimum operational water seal immersion depth when the mixture flow displaces the waterfr
e immersion tubes, where Zomin > ZRmin

erational immersion depth, corresponding to Zpnin plus the manufacturer’s recommended s
margin

values are absolute pressures.

mbols in the figures for the flame arrester are in line with [SO 14617-7.

s and flame arrester classifications

p transmission: deflagration, stable and unstable detonation

of an explosive mixture will initiate a deflagration. A flame arrester covering only
1ssified as a deflagration flame arrester.

on when confined in a pipe may accelerate.and undergo transition through an unstal
bnation, provided sufficient pipe length\is available. This pipe length may vary deper

bster tested in accordance with'Z3.3.2 or 7.3.3.3 is classified as a stable detonation f]
| is suitable for deflagrationstand stable detonations.

tonations are a specific hazard requiring higher performance flame arresters tha
ations.

ester tested in accordance with 7.3.3.4 or 7.3.3.5 is classified as an unstable deton
er and is suitablgfor deflagrations, stable detonations and unstable detonations.

ds relate-te specific installations and in each case the flame arrester successfully t¢
fable foiroperational pressures pg < pt, and the application is limited to mixtures wi
to orgreater than that tested.

The specifid

hazards covered by this International Standard, the classification and the testing req

for the appropriate flame arrester are listed in Table 1.

rgin

hfe-

this

le to

1ding

lame

n for

htion

bsted
th an

ired

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

pipe work

b) confined deflagration propagating along a pipe into connecting

in-line deflagration

atmosphere

¢) deflagration confined by an enclosure or pipe work to the outside

pre-volume deflagration

or into connecting apparatus

© ISO 2016 - All rights res
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Table 1 (continued)

Application Flame arrester classification
d) stable detonation propagating along a pipe into connecting pipe in-line stable detonation
work
e) unstable detonation propagating along a pipe into connecting in-line unstable detonation
pipe work
f) stable detonation at the end of a pipe propagating into an enclosure end-of-line stable detonation
or vessel
5.2 Flame-transmission-—stabilized-burning

Stabi

lized burning after ignition creates additional hazards in applications whene\the

re could be

a continuous flow of the explosive mixture towards the unprotected side of the flame afrester. The

folloy

— if the flow of the explosive mixture can be stopped within a specific time that is betweg
30 min, flame arresters which, when tested in accordance with 7.3.4;"prevent flame t
during that period of stabilized burning are suitable for that hazard;and they are clasg
dgainst short time burning;

q

|

1
f

q

6 ¢

6.1

Appr]

NOTH
the r{

6.2

Allp
inter

Production~flame arresters shall have flame quenching capabilities no less than the t

arreg

ving situations shall be taken into account:

NOTE

reneral requirements

Bypassing, sufficient diluting or inerting are measures\équivalent to stopping the fl

o be stopped within 30 min, flame arresters which, §xhen tested in accordance with 7|
lame transmission for this type of stabilized burfiing are suitable for that hazard, 3
lassified as safe against endurance burning.

Measuring instruments
opriate metrological traceable calibrated measuring instruments shall be used for the

It is advisable that the.uncertainty of measurement in the tests be such that it can be s
bquired test parameter limits are met.

Construction

hrts of the flaime arrester shall resist the expected mechanical, thermal and chemical
ded use.

ter.

o

n 1 min and

ransmission

ified as safe

W.

if the flow of the explosive mixture cannot be stopped:or; for operational reasons, is not intended

3.5, prevent
nd they are

tests.

hown that all

oads for the

ested flame

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

Where stabilized burning is considered as an additional hazard, flame arresters for short time burning
shall be fitted with one or more integrated temperature sensors, taking into account the intended
orientation of the flame arrester.

6.3

Housings

Thread gaps, which shall prevent flame transmission, shall be in accordance with the constructional

requi
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6.4 Joints

All joints shall be constructed and sealed in such a way that

— flame cannot bypass the flame arrester element, and

— flame s

prevented from propagating to the outside of the flame arrester.

6.5 Pressure test

Pressure testing of in-line and end-of-line detonation flame arresters shall be carried out at each flame

arrester at 4
than1,1x1

£ i | 4] 10 | £ 11 1. dafl Ao £1 4 4
PIroosSUuIrt U TIUT ITSS UIdIT 1V P0, 40 UL dIT TITFHIIT UTIId 5T dAUUIT TIdITIT dI'TTSTCT S dU 11U

)6 Pa for not less than 3 min.

All in-line deflagration and detonation flame arresters and end-of-line detonation flame.arrestg

welded consg
procedure 4
arresters w

Cast compot
No permans

End-of-line

6.6 Leak

Each flame {
less than 3 1

End-of-line

6.7 Flow

The pressur
at a volume
particularly]

truction need only be type tested, where documentary evidence is provided, that the
nd welder qualification satisfy the requirements of the design method:‘eniployed. F
th any subsequent alteration to the design, affecting its strength, shall beretested.

1ents may be pressure tested individually prior to assembly of the Gomplete unit.
nt deformation shall occur during the tests.

leflagration flame arresters need not be pressure testeds

test

irrester shall be leak tested with air at 1,1 x pg, With a minimum of 150 kPa absolute fq
hin. No leak shall occur.

leflagration flame arresters need not beleak tested.

measurement (air)

e drop across the flame arrester shall be tested before and after flame transmission
flow that is suitable foy-identifying any alteration (deformation) of the flame arre¢
of the flame arrester element. After flame transmission testing, the pressure drop sha

differ by more than 20 % from the'yalue measured at the same flow rate before that testing. After

time burn tg
The flow caj
The flow caj

st and after endurance burn test, no additional flow measurement is required.
pacity of in-lin€ flame arresters shall be recorded in accordance with A.2 in a type test

pacity of end-of-line flame arresters shall be recorded in accordance with A.3 in a type

The flow ¢

less

rs of
weld
lame

I not

tests
pster,
[] not
thort

test.

sure
hlves

and/or vacyum‘wvalves shall be recorded in accordance with A.3. Pressure and/or vacuum v

acity>of end-of-line flame arresters directly combined with or integrated into preg
manufactuw

and for intermediate set pressures <1 kPa apart.

jsure

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
A4 in atype test.

6.8 Flame transmission test

6.8.1 General

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

8
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The tests shall be specific for the basic types of operation (as defined in 3.17, 3.18, 3.19 and 3.20) and
shall be carried out in accordance with Clauses 7, 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 used in service. Bi-
directional flame arresters shall only be tested from one side if the protected and unprotected sides are
identical.

All flame transmission tests shall be carried out with gas-air mixtures at ambient temperatures. When
heat tracing of the flame arrester is required, tests shall be carried out as described in the specific

: Lot LR R N | 4 lLloaa L raod o 1 H Jd 4 4 Laal o
Sectl II, Ul VVILIT L1IC TIdITIC dI' 1T COoLUTI Ulll_y UCllls IICditu tuU LIIc lCl.i\.lll cu LCllllJCl dlurtce, I'T'E = 150 C- GaS'

air or vapour-air mixtures shall be as specified in 6.8.2.

Depgnding on their intended use, flame arresters shall be tested to the specific explosion group of the
expl@sive gas-air or vapour-air mixture (see Table 2, columns 1 and 2).

For the purposes of this International Standard, explosion group IIC covers hydrogen and qther gas-air
or vapour-air mixtures with MESG less than 0,5 mm, and group IIB is divided into four sub-groups: [IB1,
[1B2,(IIB3 and IIB. Explosion group IIA is divided into two sub-groups: ™A1 and IIA. This Ipternational
Stanflard covers deflagration and detonation tests for groups I1A, HB1, 1IB2, IIB3, IIB anf IIC. Group
[1A1 shall only be used for the testing of deflagration flame arresters:

The limiting MESG values, which define the explosion groups 1IA1, I1A, 11B1, 1IB2, I1IB3, I1IB|and IIC, are
shown in Table 2.

A flajme arrester for a particular explosion group is suitable for explosive mixtures of anjother group
having a higher MESG.

6.8.7 Test mixtures

Tablg¢s 2, 3 and 4 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 gpparatus.

Table 2 — Specification of gas-air mixtures for deflagration and detonation tests

Range of application (marking) Requirements for test mixture
Explosion MESG Gas purity Gas in air Safle gap of
P of mixture Gas type by volume by volumea gas-ajr mixture
group 0 9
mm % % mm
1AL 21,14 Methane 298 8,4+0,2 1,16 + 0,02
1TAD >0,90 Propane >95 42+0,2 0,94 + 0,02
HB1b >6,85 52+6;2 6,83 £ 0,02
[1B2b >0,75 Ethylene =98 57+0,2 0,73 +£0,02
11B3b >0,65 6,6 +0,3 0,67 £ 0,02
[IBb 20,50 Hydrogen 299 45,0 £0,5 0,48 £ 0,02
IIC <0,50 Hydrogen >99 28,5+2,0 0,31 +0,02

NOTE The ranking in columns 1 and 2 is not comparable with the ranking in IEC 60079-1.

a2 When the test gas mixture is measured by the safe gap of the gas-air mixture, the mixture shall be in the lower half of
the specified gap range. If the test gas mixture is measured by the percentage of gas in air by volume, then for [1A1, 1IA, IIB3
and IIC, the mixture shall be within the specified percentage volume range. For IIB1 and IIB2, the mixture shall be in the
upper half side of the specified percentage volume range. For IIB, the mixture shall be on the lower half side of the specified
percentage volume range. All the stated limit deviations relate to the uncertainty of the measuring equipment.

b With small diameters, it may be difficult to generate stable detonations. Tests may be carried out using a gas-air
mixture of a lower safe gap.
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Table 3 — Specification of gas-air mixtures for short time burning tests and burning tests of
dynamic flame arresters

Range of application (marking) Requirements for test mixture
Explosion group Gas type Gas purit);/oby volume | Gasin airol/:)y volume?
ITIA1 Methane >98 9,5+0,2
ITA Propane >95 4.2+0,2
[IB1
[1B2 L L L
[IB3 S v R
[1B
I1C Hydrogen 299 28,5'£2,0
a  Testing of dynamic flame arresters may require a variation in mixture composition.

Table 4 —|Specification of gas-air or vapour-air mixtures for endurance burning tests of static
flame arresters

Requirements for test'mixture
Range of application (marking) Gas vapour in air
T . Lo Purity by volume p
Explosion groupa Gas or liquid % by volume
%
IIA1 Methane >98 95+0,2
ITA Hexane >70 2,1+0,1
[IB1
[1B2
Ethylene =298 6,6 £0,3
[IB3
11B
[IC Hydregen >99 28,5+2,0
a  The rang¢ of applications is limited to pure hydrocarbons (compounds containing only carbon and hydrogen).

6.9 Sumipary of tests to be conducted

The tests to|be conducted are given in Table 5.

Table 5 — Summary of tests to be conducted

Flame Burning test
Type of flame arrester transmission test (when Flow tlest
required)
End-of-line deflagration flame | storttimeburmproof 734
7.3.2.1 A3
arrester endurance burn proof 7.3.5
In-line deflagration flame short time burn proof 7329 7.3.4 A2
arrester endurance burn proof - 7.3.5 o
Pre-volume flame arrester — 7.3.2.3 — A20rA.3
Stable detonation flame arrester| short time burn proof 73.3.2 7.3.4 )
without restriction endurance burn proof o 7.3.5 o
Stable detonation flame arrester| short time burn proof 73733 7.3.4 A2
with restriction endurance burn proof o 7.3.5 o
i short time burn proof 7.3.4
Unstable dfetonatlon flfam_e P 73.3.4 £.5.4 A2
arrester without restriction endurance burn proof 7.3.5
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Flame Burning test
Type of flame arrester c s (when Flow test
transmission test )
required)

Unstable detonation flame short time burn proof 7.34

: L 7.3.3.5 A2
arrester with restriction endurance burn proof 7.3.5
Liquid product detonation flame . 8.3 . .
arrester -
Dynamic flame arrester deflagration proof —

Y s P 9.2.1,922and9.2.3 4.3.2 and
(higlvelocity vent valve) endurance burn proof WA A4
Hydraulic flame arrester — 10.2.3,10.2.4 10.2.2 —

7 $pecific requirements for static flame arresters

7.1 | Construction

Statif flame arresters shall consist of a flame arrester element and a ‘housing.

For flame arrester elements with quenching gaps, the dimensionsénd tolerances shall be ipdicated (for

exanpple, gap length and width of gap).

For (
toler]
less 1
affedted area shall not exceed 10 % of the total surface area.

NOTH The intention of this test is to include the'worst case.

Evidénce shall be available that manufacture is controlled within tolerances to ensure repn

Matgrials for flame arresters shall be-suitable for the intended use (e.g. temperature ran

propgrties of the gases and vapours):

7.2 | Design series

Statit flame arresters.of similar design, except endurance burning and pre-volume flame ar

be gouped in a desigh-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 b
imensigned;

b) theAlame arrester elements shall have identical features of construction, such as th

rimped ribbon flame arrester elements used for the\test, the gaps shall not fall belo
hnce limits over 90 % of the entire surface. For production reasons, the gap dimens
han the lower tolerance limits in the inner and 6uter areas of the flame arrester eleme

w the upper
ons may be
nt. The total

oducibility:.

be, chemical

resters, may

h

listed and

a)
-

quenching

dps, and shall have the same thickness measured in the direction of the flame path.

Additional requirements for in-line flame arresters are the following:

— adesign 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;

— for every nominal size in a design series (maximum four), the ratio, Ra, as calculated in Formula (1),
shall not deviate by more than #10 % from the ratio of the largest nominal size of the four members:

Concentric and eccentric shaped housings form different design series.

© ISO 2016 - All rights reserved
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Table 6 — Design series

Nominal size of connection
mm

Design
series

10
to
15

20
to
25

32 60 | 75
to

80

450
to
500

600
to
750

50 | to 100 | 125 | 150 | 200 | 250 | 300 | 350 | 400

65

to
40

1000

800

to

7.3 Flame transmission test

7.3.1 Geﬂeral

For non-me{
flame arrest
test pressuf
arrester.

Flame arres
valve securg
during the t

Flame arreqg

surable types of flame arresters, evidence shall be available to prove that the produ
er elements are equivalent in design, manufacture and construction to the testsample
e shall be at least 10 % higher than the maximum operational pressurespy, of the f

ters with pressure and/or vacuum valve(s) integrated on the protécted side shall havj
d in the fully open position, or the pressure and/or vacuum valve pallets shall be take
pst.

ters with pressure and/or vacuum valve(s) integrated en‘the unprotected side shall

the valve pallets installed and blocked open to provide a gap of (2,5.+'0,5) mm during each test.

Flame arreqg

ters directly combined with separate pressure and/or vacuum valves used as end-o

venting sysf]
and/or vac

NOTE
a)
b)

as end-o

as end-d

i)

ems shall be tested in the same way as end-of-liné.flame arresters with integrated pres
m valves.

se end-of-line venting systems could be classified as follows:
f-line deflagration arresters, in accordanee with 7.3.2.1;

f-line deflagration arresters, in accordance with 7.3.2.1, and with a short time burning te

accordanmce with 7.3.4;

as end-d

c)

f-line deflagration arresters, in accordance with 7.3.2.1, and with an endurance burning te

accordance with 7.3.5.

The protect
pipe sizes W
connection

The temper

7.3.2 Def]

bd and unprotected-Side of a flame arrester may be modified to allow connection to snj
ithout further testing. The connection on the protected side shall not be smaller tha
bn the unprotected side.

hitures (mdixture, pipe, flame arrester) during testing shall be given in the test report.

agration test

ction
. The
lame

e the
h out

have

f-line
sure

st, in

st, in

aller
h the

7.3.2.1 End-of-line flame arrester

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

For end-of-line flame arresters with non-measurable elements, it might be necessary to pressurize the
plastic bag (see 7.4.1). In this case, the mixture outlet (item 6 in Figure 1) needs to be fitted with a shut-
off valve.

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

Fill the apparatus, fully inflating the bag with a mixture as specified in 6.8.2. Disconnect the mixture
supply and ignite. The ignition source shall be a spark plug or a chemical igniter (maximum energy 1 KkJ).
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Carry out two tests for each ignition point so that a total of six tests will result. Flame transmission
shall be indicated by the flame detector on the protected side. No flame transmission shall occur in any
of the tests.

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

Dimensions in metres

~
o
<

ignition sources

plastic bag (@ = 1,2 m; length 22,5 m; foil thickness’=0,05 mm)

g¢nd-of-line flame arrester

gxplosion-pressure-resistant containmentivessel or closed pipe work)
ixture inlet with shut-off valve

I:ixture outlet with shut-off valve

Bursting diaphragm

O N O Ul D WD

flame detector for indication

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

7.3.2.2 In-line flame arrester

The testapparatus is shown in Figure 2. The ignition source shall be a spark plug fitted in the centre of
the Ylind flange.

The pipe diameter, D, shall have the same size as the flame arrester connection. The pipe length, Ly,
shall be not less than 10 x D and not greater than 50 x D for hydrocarbon-air mixtures (I1A1, 1A, 1IB1,
IIB2 and IIB3) and not greater than 30 x D for hydrogen-air mixtures (IIB and IIC). The pipe length, Ly,
shall be 50 x D for hydrocarbon-air mixtures (IIA1, I1A, IIB1, [IB2 and 1IB3) and 30 x D for hydrogen-air
mixtures (IIB and IIC).

NOTE1 Itis advisable that the pipe length, Ly, be given by the manufacturer. In case of successful testing, Ly
will be the maximum allowable run-up length for practical installations (see 7.4.2).

NOTE 2  Itis possible in larger pipe sizes to approach the transition from a deflagration to a detonation when

testing at raised ptp and Ly = 50 x D. If a deflagration to detonation transition is indicated, then testing with
lower Ly is appropriate.
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The flame velocity shall be measured by two flame detectors fitted to the pipe on the unprotected side,
in accordance with Figure 2. The distance b between the two flame detectors shall be in accordance
with Figure 2. The pressure shall be recorded by a pressure recording system (limiting frequency
2100 kHz) fitted to the pipe on the unprotected side, at a distance a in accordance with Figure 2.

13Lg®5 8 10
VT e Y

) @R @R %D Y

blind flapge with ignition source

~
)
<

mixture |nlet

unprotedted pipe (length, L,; diameter, D)
flame defectors for recording

in-line deflagration flame arrester
pressure| transducer for recording

flame defector for indication

protectefl pipe (length, Lp; diameter, D)

O 0 N O U1 H» W N -

mixture putlet

10 blind flange or other closure

a<2xD(£10 %, max. # 50 mm), buta <250 mm
5xD2b=23%D

Figure 2 — Test apparatus for in-line flame arrester for deflagration test

Fill the appqratus with a test miixture as specified in 6.8.2 and pressurize to ptg when prtg 2 po (Where
po is the maximum operatiénal pressure requested by the manufacturer or user). In six consecptive
tests, no flame transmission/shall occur. A flame transmission is indicated by the flame detector op the
protected side.

The flame velocities;»maximum explosion pressures and pipe length (L) in each test shall be given in
the test report.

If the larges and-strattestnominatsizeofa C‘lcbigu sertesaresatisfactor 1}_y tested;thetwo-intermediate
nominal sizes in accordance with 7.2 may be considered acceptable without testing. Each size larger
than 1 000 mm shall be tested.

7.3.2.3 Pre-volume flame arrester

The test apparatus is shown in Figure 3.

For pre-volume flame arresters with non-measurable elements, it might be necessary to pressurize the
plastic bag (end-of-line application, see 7.4.1). In this case, the mixture outlet (item 6 in Figure 3) needs
to be fitted with a shut-off valve.

Pre-volume flame arresters shall be tested using the original configuration or equivalent full-scale
model configuration.
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Pre-volume applications using end-of-line types shall be enclosed in a plastic bag, as shown in Figure 3.

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

Flame transmission shall be indicated by the following:

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

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

27

10 T 15 4 7 8 9

vz I

j =a

Key

ignition sources

plastic bag (@ = 1,2 m; length 22,5 m; foil-thickness 20,05 mm)

g¢nd-of-line flame arrester

in-line flame arrester

gxplosion-pressure-resistanpt'containment (vessel or closed pipe work)
ixture outlet with shut=off valve

l'lrame detector for indication

riginal or simulated’pipe work with mixture outlet and shut-off valve

O© 0 N O U1 o W N =

bursting diaphragm

[EN
o

I‘essure tfansducer for recording

Juny
=

ixture inlet with shut-off valve

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

Fill the enclosure and the plastic bag or pipe with a mixture as specified in 6.8.2. Disconnect the
mixture supply and ignite separately at three positions inside the enclosure: one as close as possible
to the flame arrester, one at the most likely position of an ignition source and one as far away from the
flame arrester as possible.

Carry out two tests for each position resulting in a total of six tests. No flame transmission shall occur
in any of the tests.

All types and sizes shall be tested.
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7.3.3 Detonation test

7.3.3.1 General

If the largest and smallest nominal sizes of a design series are satisfactorily tested for detonations, the
two intermediate nominal sizes in accordance with 7.2 may be considered acceptable without testing.
Each nominal size larger than 1 000 mm shall be tested.

Detonation flame arresters tested for unstable detonations with restriction (see 7.3.3.5) are classified

as Type 1.

Detonation
classified as

Detonation
as Type 3.

Detonation
as Type 4.

Type 1 detd
additional t¢

Type 2 deto
Type 3 deto

7.3.3.2 St
The test apf
The pipe dig
The pipe on
shall have 3

fitted with 4
for stable dd

The pipe on
other closui]

For measur
transducer
position of

One flame d

ftame—arresterstestedfor unstable detomationrs—without Testrictionr {see7-3-34]

Type 2.

flame arresters tested for stable detonations with restriction (see 7.3.3.3) are-clasy

[lame arresters tested for stable detonations without restriction (see 7:3:3.2) are clasg

nation flame arresters are also suitable for use as Type 2, Type 3 and Type 4 wif
psting.

hation flame arresters are also suitable for use as Type 4without additional testing.

hation flame arresters are also suitable for use as Typé#4 without additional testing.

nble detonation without restriction
aratus is shown in Figure 4.
meter, D, shall have the same size as the-flame arrester connection.

the unprotected side shall have-aleéngth, L,, sufficient to develop a stable detonatior
blind flange or an explosion-pressure-resistant containment (vessel or closed pipe
in ignition source. The pipeanay also contain a flame accelerator to reduce the pipe lg
tonation conditions.

e shall resist the shogk pressures during testing.

ing flame velogities and detonation pressures, four flame detectors and a pre;s
(limiting frequency =100 kHz) shall be fitted to the pipe on the unprotected side
he flame{detectors and the pressure transducer shall be in accordance with Figure 4.

ctectar-shall be fitted to the pipe on the protected side to indicate flame transmission.

are

ified

ified

hout

1 and
bork)
ngth

the protected side shall have a length, Ly, of 10 x D, but not less than 3 m. The blind flange or

sure
The

The apparatu

ucchall hao fillod with 2 toct mivinrae ac cnacifiod in and
S—SHa-bBeHHea W3+ eS 55 ¥ G

vhen

Q2
Oy

TSt TS A eaa-arery

pTB = po. Under these conditions, five tests shall be carried out.

In each test, the flame velocities from the two pairs of flame detectors (see Figure 4) shall be constant,
i.e. the difference between the two flame velocities shall not exceed 10 % of the lower value.

The velocities shall be 21 600 m/s for hydrocarbon-air mixtures (1A, 1I1B1, [IB2 and IIB3) and 21 900 m/s
for hydrogen-air mixtures (IIB and IIC).

The pressur

16

e time record shall indicate a stable detonation shock wave.
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32 4 C{ 7 9 10
\ / PR / Qle /,

b | c|b|alNT]
230x0
TG GLo)S 11
N4
5
Key
1 rixture inlet
2 ¢xplosion-pressure-resistant containment (vessel or closed pipe work) or blind flange
3 ignition source
4  ynprotected pipe (length, L,; diameter, D)
5 ame detectors for recording of the flame velocity measurement
6 ressure transducer for recording
7 etonation flame arrester
8 ame detector for indication
9 rotected pipe (length, Ly; diameter, D)

[UnN
[}

blind flange or other closure
11 1nixture outlet
a=(400 = 50) mm
>3 D,butb =100 mm
c2 500 mm

Figure 4 — Test apparatus for detonation flame arrester for detonation without restriction
Until the arrival of a stable’ detonation shock wave, the pressure (see item 6 in Figure 4) shall remain

constant at ptg. If not;aonger pipe or turbulence promoting equipment may be used.

The average value’pmq of the detonation pressure shall be calculated from the area integrpl below the
pressure-time-trace, starting at the maximum pressure peak and covering a time interval df 200 ps.

The average-value pnq shall be calculated according to Formula (2):

PtDpaq]za.')nf\ Hs

I, p()de
Ppeak

_ 2

Pmd 200 ps (2)

The ratio pma/pTB, with regard to mixture and pipe size, shall correspond to the values given in Table 7
with a maximum deviation of £20 %.

NOTE When pmd/pTB 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.
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Table 7 — Ratio pma/pTB

Explosion group Ratio png/pTB for pipe diameter, D
mm
D <80a 80<D<150 150<D<1000 D=21000
11A 10 12 14 16
[IB1 9 11 13 14
IIB2 9 11 13 15
[IB3 10 12 14 16
1B 8 10 10 12
IC 8 8 8 8
a  If for pipp diameters <80 mm the quoted pressure ratio is not achieved, tests shall be carried out using)a ggs-air
mixture of a lpwer safe gap to qualify the arrester as a detonation flame arrester.
In addition,|deflagration tests shall be carried out where the basic test set-up shall We"in accordance
with Figure}4, with Ly = 50 x D, as follows:
a) five deflagration tests with
— Ly/D =50 for IIA, IIB1, IIB2 and IIB3, or
— Ly/D =30 for IIB and IIC.
The ignitior] source for these deflagration tests shall be a spark plug fitted in the centre of the plind
flange. For these deflagration tests, flame velocity measurement is not required.
The initial pressure, deflagration and stable detonation pressure, the values of png/pTB and als¢ any
flame velocities recorded during the tests shall be repoernted.
A stable detonation flame arrester (Type 4) shall prevent flame transmission in any of these stable
detonation dnd deflagration tests.
7.3.3.3 Stpble detonation with restriction
The test apparatus is shown in Figure’5)
The pipe digmeter, D, shall have the same size as the flame arrester connection.
The pipe on|the unprotected:side shall have a length, L, sufficient to develop a stable detonation and
shall have a| blind flange or an explosion-pressure-resistant containment (vessel or closed pipe work)
fitted with gn ignition sotirce. The pipe may also contain a flame accelerator to reduce the pipe lgngth
for stable ddtonationconditions.
A restrictiop shallbe fitted at Ly/D = 4. The pipe on the protected side shall have a length, Lp, of 1 x D
but not less|than*3 m after the restriction. The restriction shall consist of a blind flange with a cejntral
bore. The ceéntraltboreshatthave 25 n/{) of-the-erosssectionatareaofthe PilJC. Theclosed }Jipc erd and

the restricti

on shall resist the shock pressures during testing.

For measuring flame velocities and detonation pressures, four flame detectors and a pressure
transducer (limiting frequency =100 kHz) shall be fitted to the pipe on the unprotected side. The

position of t

18

he flame detectors and the pressure transducer shall be in accordance with Figure 5.
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Figure 5 — Test apparatus for detonation flame arrester for detonation with rest

riction

lame detector,shall be fitted to the pipe on the protected side to indicate flame transnpission.

hpparatus shall be filled with a test mixture as specified in 6.8.2, and at a pressure
po- Undérthese conditions, five tests shall be carried out.

ch test, the flame velocities from the two pairs of flame detectors (see Figure 5) shall

i.e. tllle difference between the two flame velocities shall not exceed 10 % of the lower valug.

bf pTg when

be constant,

The velocities shall be 21 600 m/s for hydrocarbon-air mixtures (I1IA, [IB1, [IB2 and 1IB3) and 21 900 m/s
for hydrogen-air mixtures (IIB and IIC).

The pressure time record shall indicate a stable detonation shock wave.

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, pphg, 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 ps.
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The ratio pmd/pTB, with regard to mixture and pipe size shall correspond to the values given in Table 7,
with a maximum deviation of +20 %.

NOTE When pmd/prB 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.

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

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

b) five def
— Lu/
— Ly/

The ignition]
flange. For

agration tests with
D = 50 for IIA, I1B1, 1IB2 and IIB3, or
D =30 for [IB and IIC.

source for these deflagration tests shall be a spark plug fitted in the.centre of the plind

hese deflagration tests, flame velocity measurement is not required;

The initial gressure, deflagration and stable detonation pressure, the values‘of pmg/pTB and als
flame velocities recorded during the tests shall be reported.

any

A stable def
detonation {

onation flame arrester (Type 3) shall prevent flame transmission in any of these stable

ind deflagration tests.

7.3.3.4 Unstable detonation without restriction

The test apparatus is shown in Figure 4.

The pipe digmeter, D, shall have the same size as theflame arrester connection.

htion

pipe
pcted
htion

The pipe onl
and shall hj
worK) fitted
pipe. The pi
conditions.

the unprotected side shall have a length, L, sufficient to develop an unstable deton
ive a blind flange or an explosjon-pressure-resistant containment (vessel or closed
with an ignition source. The ignition source may be mounted to the wall of the unprots
pe may also contain a flame-accelerator to reduce the pipe length for unstable deton

The pipe lerigth and configuration bn the unprotected side and the location of the ignition source $hall,

after ignition, produce an unstable detonation at the detonation flame arrester.

The pipe on
or other clof

the protected side shall have a length, Lp, of 10 x D, and not less than 3 m. The blind f}
ure shall resist the shock pressures during testing.

ange

Four flame
record flam
from the fla

Hetectors and a pressure transducer shall be fitted to the pipe on the unprotected si
e veloCities and pressures respectively. One flame detector shall not be more than 20(

de to
mm

e arrester connection. One flame detector shall be fitted to the pipe on the protected

side

to indicate flame transmission.

For the purposes of this International Standard, a characteristic of an unstable detonation is ppyy of not
less than 2,5 x pyq for pipe diameters <100 mm, and 3 x pyyq for pipe diameters 2100 mm. Values of pmq
shall be taken from Table 7 with regard to prg.

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, e.g. by solid detonators, or long
accelerator sections should be avoided.

The apparatus shall be filled with a test mixture as specified in 6.8.2, at a pressure, ptg, when pTg = po.
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Under these conditions, five tests shall be carried out.

In addition, deflagration tests shall be carried out, where the basic test set-up shall be in accordance

with

Figure 4, with Ly = 50 x D, as follows:

Five deflagration tests with

— Ly/D =150 for IIA, IIB1, IIB2 and 1IB3, or

— Ly/D =30 for IIB and IIC.

The ignition source for these deflagration tests shall be a spark plug fitted in the centre of the blind

flangde. For these detlagration tests, tlame velocity measurement 1s not required.

The initial pressure, deflagration and unstable detonation pressures and also any flame ve
be rgported.

An ynstable detonation flame arrester (Type 2) shall prevent flame transniiSsion in 3
deflagration and unstable detonation tests.

7.3.3.5 Unstable detonation with restriction

The fest 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 fitteq
The restriction shall consist of a blind flange with a centtal bore. The central bore shall
of the cross sectional area of the pipe. The closed pipe, end and the restriction shall resi

pres

The
deto

In ad

An
defld

7.3.4
The {

sures during testing.

test procedure for unstable detonation .testing as well as the characteristic of
hation shall be in accordance with 7.3.3.4.

dition, additional deflagration tests shall be carried out completely in accordance wit}

nstable detonation flame arrester (Type 1) shall prevent flame transmission in 3
gration and unstable detonation tests.

Short time burningtest

est apparatus is shown in Figure 6 for an in-line and end-of-line flame arrester.

ocities shall

ny of these

| at L/D = 4.
have 2,5 %
st the shock

hn unstable

7.3.3.3.

ny of these
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h-pressure-resistant containment (vessel or closed pipe work)
hme arrester
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he

ure sensor for recording for tests only

e

nlet

d temperature sensor for alarm

fector for indication

diaphragm

transducer for recording (only necessary, fortgt > 1 min)
ly necessary for tgr > 1 min)

Figure 6 — Testapparatus for short time burning test

hximum operation(pressure. The test of inline flame arresters with tgT = 1 min m4
inder atmosphefrigconditions.

r shall be used to measure the mixture flow rates. The flame arrester shall be fitted
re sensorfor the test only. This sensor shall be mounted close to the surface of the f
ment on-the protected side close to the centre of the cross sectional area of the flow.

all be carried out using a test mixture as specified in Table 3. First, the critical flow

h the
ly be

with
lame

rate,

VC, shall beTatcutatedfromr the opemnarea, Ay, of the surface of the flame arrester elfement o

1 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, V.,

according to Formula (3):

V. =0,75x Ay xV,

22

(3)
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where
vi  =0,5m/sfor 1Al and I1A;
vi =0,8m/s forIIB1, 1IB2, IIB3 and IIB;
vi  =3m/s forlIC.

For non-measurable flame arrester elements, the critical flow rate, VC , may be obtained by using the

same principle. The free area, Ao, of the flame arrester element surface can be estimated according to

Form

ula (4):

The
until
conti

Record the temperature indicated by the test temperature sensor after-that time and stop

flam

Carr
arres
read
150

that

flam
replg
elem|

In an
activ

time
Whe
than

A fla
thet
time

10 :RU><At

fests shall be carried out with a continuously operated pilot flame or spark: Ignite
the flame has stabilized on the surface of the flame arrester element.(After flame s
nue burning for the burning time, tgt, specified by the manufacturery(1 min < tgr

e transmission shall occur during the tests or when the flow is stopped.

y out this test procedure with flow rates VC, O,SVC and 1,5Vc. In each of these test]
ter shall be at ambient temperature at the beginning.“if VC results in the highest
ng of the three tests, then Vm = Vc. If not, carry outtwo further tests with flow rat
o of the flow rate which gave the highest reading'in the first three tests. Vm will be t

results in the highest temperature readingdirall five tests. When determining the fl
e arrester elements may be replaced between the tests. If the flame arrester element
ced, a final test shall be carried out with the flow rate Vm, using the original fla
ent, without modification, that was\sed for the deflagration and/or detonation test.

y of the tests, the integrateditemperature sensor(s) (8) shall produce a signal that ma

tgr

tgT, where < 15-min.

h using an integrated temperature measuring system, it shall record a temperature

tgr

60 K after adurning time of not more than

me tranSmission is indicated by the flame detector (9). No flame transmission shall g
ests or,when the flow is stopped. The burn time without flash back shall be recorded as
tgTrexpressed in minutes.

(4)

the mixture
tabilization,
< 30 min ).
the flow. No

s, the flame
emperature
es 50 % and
he flow rate

bw rate Vm,
s have been
Ine arrester

y be used to

ate counter measures wijthin a burning time of 50 % of the manufacturer’s speciffied burning

rise not less

ccur during
the burning

If the Iargest 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

Each

the shortest burning time, tgT, found in the experimental tests.

size of in-line flame arresters greater than 1 000 mm shall be tested.

7.3.5 Endurance burning test

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

Testing of inline flame arresters shall be carried out with the test pressure equal to or greater than the
intended maximum operation pressure
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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 location of 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 flame
(start of burning load).

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

7

(S 3
6 9\@ :I/ 8 6
. é /2 /1 A 11 7
¢ Y2 ﬁ%
4 /(TB L=5x0 12

Key
outlet pipe
in-line flame arrester
end-of-lipe flame arrester

explosion-pressure-resistant containment (vesselbor closed pipe work)

1

2

3

4

5  mixture |nlet
6  temperafure sensor for recording for tests.only

7  pilot flame or spark igniter

8 flame defector for indication

9 testtemjperature sensor for alafm to detect stabilized flame
10 bursting|diaphragm

11 pressuretransducer for'recording

12 valve

Figure 7 — Test apparatus for endurance burning test

First, the critical flow rate, VC , shall be calculated from the open area, Ay, 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, V_, 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, A, 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. Ignite the mixture
until the flame has stabilized on the surface of the flame arrester element.
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Carry out the following preliminary testing for critical flow rates.

After flame stabilization, continue burning until the protected side temperature sensor indicates 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, O,SVC 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 temperature increase, then Vm = VC. If not, carry out two

furthertestswith-Howrates50-06and 150 U4-of the How rate-which gave theshertestHm
threg¢ tests. V., will be the flow rate that results in the shortest time in all five tests. Wheh

the flow rate Vm, flame arrester elements may be replaced between the tests.

The

element, without modification, that was used for the deflagration and/or detenation test. }
mixture composition and the flow rate V_ (#5 %) until a stable temiperature is establ

temperature sensor on the protected side. The temperature on the protected side shall be s
15 Klover 10 min. The flow of the mixture shall be stopped when a“stable temperature is
but rfot before 2 h of burning.

The

the tpsts or when the flow is stopped.
All types and nominal sizes shall be tested.

Mod|ifications that do not change the flame arriester element and are part of the housing t
flamg arrester element is fitted do not require retesting, e.g. flame arresters with integrat
and/pr vacuum valves.

7.4

7.4.1 General

b)

e in the first

TIC-TT TITCTT SOV CCIIC—STIoT U

endurance burn test shall be carried out with the flow rate Vm, using thé(original fla

flame detector (8) shall indicate any flame transmission: No flame transmission shall ¢

Limits for use

general limits for use(aré as indicated below.

The operational temiperature, Tg, shall be limited as follows:

1+ -20°C & To< 60 °Cwhen testing is at atmospheric conditions (TTg < 60 °C);
1+ To<Tfg where TTp < 150 °C (see 6.8.1, paragraph 4).

Theé operational pressure pg shall be limited as follows:

Hetermining

me arrester
Maintain the
shed at the

table within
established,

ccur during

o which the
ed pressure

1) for flame arresters with measurable element:

— end-of-line flame arresters with or without pressure and/or vacuum valve on the

protected side:

(0,8 x 105 Pa) < pg < (1,1 x 105 Pa) when testing is at atmospheric pressure (prp

approximately 105 Pa);
— in-line flame arresters:
po < ptB Where pg < 1,6 x 105 Pa;
2) for flame arresters with non-measurable element:

po < 0,9 x prg where ptg < 1,6 x 105 Pa.
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Use shall be limited to gas-air mixtures with an MESG equal to or greater than that tested.
7.4.2 In-line flame arrester

7.4.2.1 General

For an in-line flame arrester, the pipe diameter on the protected side shall be no less than the pipe
diameter on the unprotected side.

For an in-line flame arrester, the pipe diameter on the unprotected side shall be no greater than the
flame arrester connection.

7.4.2.2 Infline deflagration flame arrester

The use of ip-line deflagration flame arresters tested in accordance with 7.3.2.2 shall he limited tp the
following cgnditions:

a) the ratip of pipe length (between the potential ignition source and the flame arrester) and|pipe
diametdr shall not exceed the tested ratio, L/D;

b) atleast[l0 % of the cross sectional area of the pipe shall be open at thedgnition source;

c) pipe branches and valves on the unprotected side shall be installed as close as possible to the in-
line deflagration flame arrester.

7.4.3 Prefvolume flame arrester

The use of pre-volume flame arresters shall be limited to‘enclosures, contents and pipe work on the
unprotected side as used or simulated in the test.

7.4.4 Detpnation flame arrester
Detonation flame arresters may be used forlopén and closed pipe work on the unprotected side.

Detonation flame arresters tested at prg are suitable for operational pressures pg < pTp in the same
or smaller plipe size when the application is limited to mixtures with an MESG equal to or greater|than
that tested.

NOTE An unstable detonation-presents a higher level of hazard than a stable detonation (see 3.11).

Unstable dd¢tonation flame/arresters (Type 1 and Type 2) are designed and tested for stopping
deflagratior}s and stable-and unstable detonations.

Stable detonation flame arresters (Type 3 and Type 4) are designed and tested for stopping deflagrations
and stable dIetonations.

7.4.5 Short time burn flame arresters

If there are operating conditions which can lead to a stabilized burning at the flame arrester element,
additional safety measures are required. Depending on the operating conditions, the devices shall be
equipped with temperature sensors on one or two sides which initiate measures for the elimination
of the stabilized burning (for example, emergency functions like switching-off the system, inerting or
similar) and this within the half of the time for which the device is short-time burn proof (0,5 x tgT).

When tgT is exceeded during a short-time burning situation, then the flame arresting safety cannot be
assured.

When operating with only one temperature sensor, the installation side (identification on side to be
protected) has to be respected.
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Temperature sensors shall meet the flame arrester manufacturer’s specification, they shall be installed
in the flame arrester according to the flame arrester manufacturer’s instructions. Temperature sensors
shall be integrated into the control system so that safety measures to stop the stabilized burning are
initiated. Prior to putting the devices with safety system into operation, the switching temperature
shall be adjusted so that the admissible time period for the activating of the emergency measures will
be observed.

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—lf-line flame
arrester [see Figure 8 a)] or an in-line flame arrester [see Figure 8 b)].

The housings for liquid seals suitable for emptying operations shall incorporate a safety| device that
prevents loss of the sealing liquid.

S\L

1~ |
‘ S 3 1 2
4 ~ L 5 — —t= Y
4
\ P D
2 ]
a) End-of-line flame arrester b) In-line flame arrester
Key
1 housing 4  immersion depth
overflow pipe/outlet pipe 5 filling height

3  immersion pipe

Figure 8 — Liquid product detonation flame arrester

8.2 | Foot'valves

The shall-be—an—end-of-lineflame—arrester—incot Pot atius T—Hotreturi—vatve (fuut alve) in an
immersion cup, providing an immersion depth of not less than that specified by the manufacturer. A
screen or perforated plate shall protect the valve seat from solid particles (see Figure 9).
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‘e 9 — End-of-line flame arrester incorporating a non-return valve (foot valve)

p transmission test

ict detonation flame arresters shall be tested under atinospheric conditions for detona
me arrester shall be filled either with the liquid to‘be used in operation, or alternat
e having a boiling range from 100 °C to 140 °C,.Fl€se liquids may also be used in tes{
xtures. The filling height shall be recorded (see Figures 8 and 9).

end-of-line flame arresters shall be tested\iin accordance with the test procedure giv
fnecessary, in accordance with 7.3.3.4, but using the test apparatus shown in Figure 1
the operational conditions for these flanie arresters, only three stable detonation tests

Frester test shall be carried out in the orientation required in service.

ve shall be opened for the\test to present a gap at least equal to or greater than the opg
n or perforated plate used to protect the valve seat from solid particles.

kions
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s for

en in
0. On
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1  1pixture inlet
2 ¢xplosion-pressure-resistant containment (vessel or closed pipe work)
3 ignition source
4  ynprotected pipe (length, L,; diameter, D) with bypass
5 ame detectors for recording the flame velocity measurement
6 ressure transducer for recording
7  ljquid product detonation flame arrester
8 lastic bag (@ = 1,2 m; length 22,5 m; foil thickness 20505 mm)
9 ixture outlet (bypass)
a=(400 = 50) mm
b=3KD,butb =100 mm
¢2 500 mm
Figure 10 — Test apparatus for liquid product detonation flame arresters
8.4 | Limits for use

Ifaliguid product detonation flame arrester is satisfactorily tested for detonations, it may b

acce
shal

NOT

ptable for deflagrations without further testing. The operation pressure for the product
llbe limited‘te-the test pressure.

i The'operation pressure for the liquid flow is not limited by flame arresting requirement

b considered
Fair mixture

D.

LiquldCproduct detonation flame arresters suitable for emptying operations shall have t

rest

he flow rate

fcted S0 that the Pressure drop of the satety device thiat prevents 1055 of sealing Hq

id does not

exceed the static pressure given by the immersion depth (see 8.1). For filling operations, there are no
such limitations.

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 intended for approval.

NOT

E The minimum efflux velocity is typically 30 m/s.
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VCL ’

shall be specified.

of the dynamic flame arrester

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

Other openings (e.g. drain plug) should be tested in accordance with their operation principle.

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

For endurar
according td

For the test{
required to

9.2 Flam
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— forady
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— forady

ce burn proof dynamic flame arresters, the test order has to start with endurance bul
9.2.4.

described in 9.2, the completion of the undamped oscillation test in accordance with /
provide Ly, Dv, and V.

P transmission tests

 flow flame transmission test

aratus is shown in Figure 11. The pipe length and the pipe’diameter between the explo
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The duration of each test step shall be chosen depending on the dynamic flame arrester action, as
specified below.

a)

If at some point during the sequence of tests the dynamic flame arrester remains in the open

position while steadily relieving, the test shall be stopped (e.g. by a shut-off valve), thereby forcing
the dynamic flame arrester to close.

b)

If the dynamic flame arrester varies periodically between the closed and open position associated

with a varying pressure in the containment, the test duration shall be a minimum of 5 min or
50 open/closed cycles and shall furthermore cover a minimum of five closing actions before the
next flow rate step is adjusted.
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If the flow rate readings vary due to the opening and closing cycles [see case b) above], the appropriate
averaged flow rate shall be used.

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 Testing in the inclined position is intended to simulate motion of the dynamic flame arrester, e.g. on
marine vessels.

No flame transmission shall occur during these tests.

~
)
<

flame

dynamic flame arrester
explosion-pressure-resistant containment
mixture inlet

bursting diaphragm

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

flame detector for indication

O© 0 N O U1 & W N =

flow meter for recording

10 phut-off valve

11 pressure sensor-for recording

Dy diameter ofithe pipe on the protected side determined in accordance with A.4

Ly pipe lefgth upstream of the dynamic flame arrester determined in accordance with A.4
VM poltime of the explosion-pressure-resistant containment

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

9.2.2 Flame transmission test by opening and closing

The test apparatus is shown in Figure 11. The pipe length and the pipe diameter between the explosion-
pressure-resistant containment and the dynamic flame arrester shall be Ly and Dy and the volume of
the explosion-pressure-resistant containment shall be Vy (given in A.4). A smaller volume than Vy may
be used providing that it does not increase the risk of flame transmission.

NOTE If the valve displays undamped oscillation (hammering) according to A.4, it is an indication that the
volume used is too small.
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A temperature sensor for testing shall be attached to the dynamic flame arrester as close as possible to
the stabilized flame (e.g. 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.

The dynamic flame arrester shall be subjected to 50 open/closed cycles, using a gas-/air-mixture as
specified in Table 3. 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.

V C 0 U

This procedpre-shattbe-earriedott-with-the-dynamieflame-arrester-inthetprigh —Fhetests
shall be repgated with the dynamic flame arrester inclined (10 * 1)° to the vertical orientationjpless
the use is litnited to fixed vertical applications without changing of inclination during operation.

NOTE Tgsting in the inclined position is intended to simulate motion of the dynamic flame.arrester, e.g. on
marine vessefs.

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 test apparatus is shown in Figure 11. The pipe length, Lybetween the explosion-pressure-resistant
containmenf and the dynamic flame arrester shall not exceed’Ly. A temperature sensor for testingfshall
be attached|to the dynamic flame arrester as close as possible to the stabilized flame (e.g. at the yalve
seat). Ignitipn shall be maintained by a permanent pilot flame. The pilot flame shall be positiongd as
close as posgible to the mixture outlet to atmosphere, but far enough away from the mixture outlet to
avoid heatirlg or influencing the correct operation-of, the dynamic flame arrester. The pilot flame|shall
burn propaipe and provide a stabilized pilot flaie.

Using a gad-air mixture as specified ih, Table 3, the pressure in the explosion-pressure-resigtant
containmenf shall be increased to force the dynamic flame arrester open and then shall be maintgined
at 10 % aboye the established closing pressure. The corresponding flow rate, Vo' shall be recorded/If no

stabilized bfirning is possible under these conditions, the mixture shall be gradually enriched untjl the
flame is stpbilized. Without changing that mixture composition, the flow shall be increasg¢d in

increments pf 20 % of Vs and after each increment, the flow shall be maintained until the tempergture
rise is less than 10 K/min, but for a minimum of 5 min.

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

in this test. Theflow rate shall then be reduced in increments of 10 % of VF and after each step shall be

maintained until the temperature change is less than 10 K/min, but for a minimum of 5 min. Flow rates
for which the corresponding temperature has been recorded need not be repeated, and tests need not

be made at flow rates below V. Upon completion, the flow rate yielding the highest temperature shall
be recorded as Vm 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 3) keeping the flame stabilized. The flow shall be stopped and no flame transmission
shall occur.
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9.3 Limits for use

The use of a dynamic flame arrester shall be limited to ambient temperatures. The diameter of the
connection of the dynamic flame arrester shall be at least Dy, while the minimum gaseous volume
(ullage space) available at any time in the protected tank shall not be less than V. The equivalent pipe
length on the protected side shall for pipe connection Dy not exceed Ly, as determined in A.4 and as
successfully tested in 9.2.1.

NOTE Equivalent pipe length is the length of straight pipe that would cause the same pressure drop under
equivalent flow condition as the configuration including restrictions, e.g. bends, reducers. Calculation methods
are given in e.g. Perry’s chemical engineer’s handbook. [11]

10 $pecific requirements for hydraulic flame arresters

10.1 Equipment

Hydnaulic 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 mor¢ immersion
pipe(s) (2) and a mixture outlet (16). The design and construction shall ensure that th¢ immersion
depth is always constant within +5 mm.

Hydnaulic flame arresters shall include the following features:

a) alevel indicator with an optical display (4) for the immersion depth at rest (Zr) and thejoperational
immersion depth (Zp);

b) automatic equipment (5) to maintain the water‘level above the minimum operational immersion
epth (Zomin);

c) 4 temperature sensor (8) for the water seal;

d) 4nintegrated temperature sensor (7);above the water seal (12) to indicate a stabilized|flame.
10.2 Flame transmission test

10.2{1 General

Hydiaulic flame arrestérs shall be tested for short time burning, deflagration and stabl¢ detonation
in succession. Beforeighition, mixtures shall be at ambient conditions on the unprotecteld side. Each
test $hall be carried, out with the minimum immersion depth at rest (Zrmin) which corresponds with
the minimum operational immersion depth (Zomin) specified by the manufacturer. The floy rate of the
mixture shalkbe'recorded with a sensor (9) at the inlet, and flame transmission shall be detpcted with a
flamg 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 necessary.

The ignition 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 210 °C, at which time the temperature
shall remain <30 °C.

The safe volume flow rate Vmax shall be determined for the minimum immersion depth at rest (Zrmin)
respectively at the minimum operational immersion depth (Zpmin) at which no flame transmission
occurs. Four tests shall be carried out with V___. No flame transmission shall occur in any of the tests.
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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 6.8.2.

The deflagr
c_orrespond.

VmaX as det|
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Ly,=50

Ly =10(
Carry out th
If flame tra
occurs. This
10.2.4 Det
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four flame d
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with the minimum operational immersion depth (Zpmin) with the mixture flew~r3g

ermined in 10.2.2. The test shall be carried out with the following lengths of mixture d
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x D.
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hsmission takes place, the flow shall be'reduced to a leyel' where no flame transmi
reduced flow shall then be recordedas V___.
pnation test

aratus is as shown in Figure 12, with the mixture outlet pipe (6) in place and equipped
etectors (15) in the straight part of the pipe close to the outlet (16) (see also Figure 4
e carried out with the mixture outlet pipé (6) with the maximum diameter, D, for whic
ime arrester shall be used.

outlet pipe (6) shall have a blind-flange equipped with an ignition source (13). The mi>
b) shall have sufficient length.to develop a stable detonation (see 7.3.3.2 for further det

e carried out by using a'test mixture as specified in 6.8.2.
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hydraulic flame arrester shall be limited to the following conditions:

a) the flow rate does not exceed the safe value, VS =0,9x

Vmax !

b) the operational immersion depth is kept above the tested minimum value, Zomin;

c)

Failure of any of the features listed under points a) to d) in 10.1 shall operate an alarm and stop the
gas flow.

the mixture on the unprotected side is at ambient temperature and pressure.

If any temperature recorded in accordance with points ¢) and/or d) in 10.1 exceeds or falls below the
specified limits, or if the minimum operational immersion depth Zonin, falls below the specified level, or

if the volume flow exceeds V_, the flow shall be stopped within 30 s.

If for operational reasons the mixture flow cannot be stopped, it shall be inerted.
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The immersion depth at rest, Zg, and the operational immersion depth, Zp, shall not be less than the
manufacturer’s recommended safety margin and greater than the minimum water seal immersion
depth at rest, ZrRmin, and the minimum operational water seal immersion depth, Zpnmin, at which the

maximum volume flow, VmaX , has been established.

The operational immersion depth, Zy, shall be maintained by automatic control of the water supply [see
item (5) in Figure 12] to ensure that the minimum operational immersion depth, Zymip, is not reached.
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a=(25%3)mm

=
~

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

111

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 gas conveying equipment have pipe connections on
the suction/inlet side and pressure/outlet side.

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

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

togetf
arreg

The 1
from|

equipment, temperatures of more than 60 °C arise at the flame arrester element, addition:

be c4

No flame transmission through the flame arrester into the connecting-pipes shall occur

arreg

11.2

11.2

her with the gas conveying equipment, for safety against flame transmission throug
ter in the case of explosions in the gas conveying equipment inside.

esults of the tests with ambient temperatures <60 °C at the flame arresters apply to tg

11 be tested,
h the flame

mperatures

-20 °C up to +60 °C at the flame arrester elements. If, during operatienf.of the gals conveying

rried out with the correspondingly warmed flame arresters.

ters in any of the tests to be carried out.
Flame transmission test

1 General

] tests shall

ht the flame

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

rated inlet pressure according to 11.2.2 and 11.2¢3."The test apparatus is shown in Figure 1

3.

© ISO

2016 - All rights reserved

37


https://standardsiso.com/api/?name=8701f69a0bbda688887af1fdb11192a9

ISO 16852:2016(E)

10 9 9 10
PIR 2 1 3 PIR
=T /Q\ [T ]~
i ( ) i
BIR BIR
- 11 & 13 13 & 11 |s
S 12 12 S
4 5
D1 DZ
RS

Key

1 gas convkying equipment

2 flame artester inlet side, size of flange connection @1

3 flame arfester outlet side, size of flange connection @2

4  test pipe|flame arrester inlet side - throttle valve.(@:'D1, length: L1), D1 < @1

5 test pipe|flame arrester outlet side - throttle valve (@: D7, length: L3), D2 < @2

6  throttle yalve

7  mixture |nlet

8  mixture putlet

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

temperafure sensor
10 pressuregsensor (dynamic)
11 flame defector
12 temperature sensoron the flame arrester surface facing the test pipe
13 alternatipye ignition points close to the moved parts of the equipment

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

The diameter of the test pipe parts (D1, D2) 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 D1
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 (D1 or
D3). Mixture inlets and outlets in the test pipe shall be arranged to be close to the throttle valve.

The ignition source shall be placed as near as possible to the mechanically moved parts of the equipment
on the inlet side or on the outlet side.
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The tests shall be carried out with a gas/air-test mixture as specified in Table 2.

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 2, and then isolated from the gas
filling system.

11.2.2 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 8:

— operating state of the equipment,

— ;I)osition of the throttle valve, and
— flest mixture pressure in the test apparatus
shallbe adjusted for the respective test.

12 tgsts shall be carried out with working equipment (see Table 8). The mixture temperature and the
equipment shall be warmed up that the temperature profile up to a steady-state temperpture (60 °C
or the maximum allowed temperature given by the manufacture at'the inlet as a general rule). The
maximum gas temperature shall be measured at the mixture outlet:

Six tests shall be carried out with switched-off equipment (sée Table 8). The equipment pnd the test
mixture shall be at ambient temperature when the test mixture is ignited.

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

Test.parameters
(perating state Mixture pressure Ignition point Position of the Number of tests
throttle valve
Max. inlet pressute ) Open 3
Inlet side
i Max. outlet pressure Approx. 80 % closeda 3
Rotating at max. speed -
Max. inlétpressure . Open 3
Outlet side
Max¢outlet pressure Approx. 80 % closeda 3
| ] Inlet side closed 3
Stationary Max. inlet pressure -
Outlet side closed 3
a  Valve closed so faf (approx. 80 %) so that the maximum outlet pressure is achieved in the equipment, bjut a sufficient
air flpw is remainingte-avoid overheating of the equipment.

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

The ¢xternal surface temperature shall be taken into account when specifying the temperafture class of
the equipment.

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.
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Tests shall be carried out at the maximum operational temperatures at the flame arrester ele
according to Table 9.

ment

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
Operating state Mixture pressure Ignition point Position of the Number of tests

throttle valve

Temperature at the flame arresters: Ambient temperature (<60 °C)

Tietstde Open 3
Rotation at thax. speed Max. outlet pressure ) Closed 5
Outlet side
Open 3
. i Inlet side Closed 5
Stationary Max. inlet pressure -
Outlet side Closed 3
In addition, {f temperature at the flame arresters at outlet: >60 °C
Rotation at thax. speed Max. outlet pressure Outlet side Closed 6
) . Inlet side Closed 3
Stationary Max. inlet pressure -
Outlet side Closed
In addition, if temperature at the flame arrester at inlet: >60 °C
Rotation at rhax. speed Max. outlet pressure Inlet side Open
) . Inlet side Closed
Stationary Max. inlet pressure -
Outlet side Closed

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

The external surface temperature shall be taken into account when specifying the temperature cl3
the equipmeént.

12 Information for use

12.1 Instryuctions for use

The manufagturer shall proyide the following minimum written instructions and information:
a) the information marked on the flame arrester and an explanation of its meaning;

b) informdtion eoncerning the classification of the flame arrester as outlined in Clause 5;

c) all detall5-of the operational requirements, including the specific limits in accordance with 7.4

lame

ss of

IMI

9.3 and 10.3, as appropriate; the maximum operational temperature and pressure shall be given;

d)

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

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

f) the specific burn time and that this burn time was determined under atmospheric pressure;
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