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An introduction to

Elmac

Technologies

Elmac Technologies® is the international
leader in flame and explosion prevention
systems for use in some of the world’s most
challenging industrial environments.

This brief guide provides an introduction to flame arresters (also
arrestors) and includes a summary of their design/construction
and how they work. There are useful notes explaining the
different types of gases & vapours and also specific flame types
and where they may occur. In addition, you will find details of the

most current international flame arrester standards.

For comprehensive technical advice regarding the selection

and use of flame arresters please contact:

Elmac Technologies Limited

Tel: +44 (0) 1352 717 555
Email:info@elmactech.com
Fax:+44 (0) 1352 717 642

Coast Road, Greenfield, Flintshire,
CH8 9DP United Kingdom
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Definition of a
Flame Arrester

Why use a
Flame Arrester?

One of the greatest dangers involved with the
transport or storage of flammable liquids or gases
is that ignition of the flammable vapour may occur,

resulting in fire or, even worse, an explosion.

This guide sets out to introduce the subject

of flame arresters, and the principles and
concepts behind their specification and use. For
those seeking a more detailed understanding,
full technical advice and support is available
from Elmac Technologies®.

A flame arrester is a device fitted to the opening of an
enclosure or to the connecting pipework in a system of
enclosures. They permit gases or vapours to flow but prevent

the transmission of a flame should an ignition take place.

In this guide, consideration is limited to flame arresters for use
where the flame burns in air i.e. not in oxygen where different
considerations apply. Furthermore, the guide is restricted to

passive flame arresting devices with no moving parts.

Whenever a flammable gas or vapour is mixed with air (oxygen),
there is the potential for an explosion. Accidental ignition of the
flammable mixture will result in a flame that will travel through
the unburnt mixture until the fuel is consumed by the reaction.
Inan enclosed space, such as a vessel or a pipe, the significant
temperature increase of the mixture caused by the combustion
process will lead to a rapid increase in the volume of the gas
mixture. In an enclosed space the resulting increase in pressure
willinduce turbulent effects which will further accelerate the

flame front.

Our range of Flame Arresters comprises three main types:

1. End-of-line Deflagration Arresters
2. In-line Deflagration Arresters

3. In-line Unstable Detonation Arresters



elmactechnologies.com

Types of flame

and conditions where they are found

Unconfined Deflagration

Confined Deflagration

An unconfined deflagration occurs when there is an

ignition of a flammable atmosphere outside a container

or other process equipment. For example, a breathing or
ventilation outlet from a tank storing gasoline may produce
an unconfined cloud of flammable vapour inits immediate
vicinity. Ignition sources such as a static electrical discharge, a
lightning strike or a lit cigarette could ignite this vapour cloud
and the resulting flame front may enter the tank through the
venting point, should the outlet not be protected by a flame

arrester.

Where a flammable mixture in a pipeline is ignited, the flame
front will initially travel along the pipe at subsonic velocities in
what is known as a confined deflagration. Typically this could
occur inindustrial or process plants. For example, many coal
mines generate flammable and poisonous methane gas below
ground which is pumped to the surface along a pipe and then
burntin a boiler for heating purposes. Problems with the boiler
or the pumping system could ignite the pipe contents and the
flame could travel back down the pipe resulting in an explosion

below ground.

Adetonation occurs where a flame travels along a pipe, usually

at supersonic velocities, and is associated with a shock wave.
Typically this occurs as a result of compressive heat effects and
flame acceleration caused by turbulent flow resulting from bends,
valves or changes in section of the pipe. It can also occur simply
by allowing the flame to continue to accelerate along a pipe for

a sufficient distance. A shock wave is characterised by a step
change in pressure and density through which the flame velocity
changes from being subsonic to supersonic. Thisisreferredtoasa

Deflagration to Detonation Transition or DDT.
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FIGURE1: TYPICAL EXAMPLE OF ACCELERATION OF FLAME TO DETONATION CONDITIONS
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The chartillustrates what typically happens to
a flame front when allowed to burn unhindered
down a straight pipe section with a diameterin
the order of 200mm filled with a hydrocarbon
gas at ambient pressure and temperature.

It can be seen from Figure 1that the flame begins as a slow
deflagration (flame speed < 300m/s), but accelerates into a fast
deflagration (still at subsonic velocities ~500m/s).

[tisrecommended that a deflagration arresteris fitted as close
as possible to the ignition source (within 50 pipe diameters of
the arrester for hydrocarbon gases and 30 pipe diameters for
hydrogen), although this distance is reduced for systems at
pressures above atmospheric.

The flame then undergoes a rapid and sudden transition from
deflagration to detonation. Under these conditions, the flame
may accelerate to a velocity of an order of magnitude higher

than the initial slow deflagration (1600m/s).

Detonation

Detonation arrester can be located at any location in pipe

This represents the worst case conditions for the flame
front and the associated pressure wave and is known as an
overdriven detonation, or an unstable detonation. In such
circumstances, a suitably designed unstable detonation

arrester must be fitted.

An unstable detonation will degrade to a less severe
stable detonation as the flame proceeds further down the
pipe. However, such flame fronts may suddenly undergo
further transitions to unstable conditions. These events
are unpredictable, and can be caused by anything that
may increase the turbulence within the system. These
may include roughness on the inside surface of the pipe,
a protruding gasket orinstrument port and bends or
constrictions due to the presence of valves etc. Due to
this unpredictability, most flame arrester manufacturers
recommend that an unstable detonation arrester is fitted in

any pipe where a detonation may occur.
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Gases & vapours

Gases and vapours vary in their flammability and
explosivity. The relative severity of an explosion from a
particular component mixed with air isindicated by a
variety of characteristics of the gas including the lower
and upper explosive limits (LEL/UEL), the auto ignition
temperature (AIT), the minimum ignition energy (MIE),
the limiting oxygen concentration (LOC) and the
maximum experimental safe gap (MESG).

MESG (mm)

Explosion Group

Test Gas

For ease of assessment, pure gases have been classified into
groups of similar reactivity. Various groupings exist, depending
on the source of the information but the two most widely used
are shown below in tables 1and 2. In these tables, the gas group
isindicated by a range of MESG values and a typical test gas is
identified for the purpose of type testing a flame arrester. If a
flame arrester is satisfactorily flame tested for a given gas group
thenitis suitable for use with any other gas in the same group
or alower group. For example in practice propane is normally
used for testing the lowest level of flame arrester and success
here means that it may be used forany Group IIA gas as well as
for Group | or methane. Other standards also group gases in a

similar but not identical manner.

eS8 Typical Gases

Concentration (%/,inair)

Methane, alkanes, acetone,

A >0.90 Propane 4.2

benzene
[1B3 >0.65 Ethylene 6.5 Ethylene, ethylene ether
1B >0.50 Hydrogen 450 Ethylene, butadiene
I1C <0.50 Hydrogen 28.5 Hydrogen

Table 1- European Standard Explosion Groups

Gas Group MESG (mm) Typical Gases
Methane, alkanes, alcohols,
D >0.75
acetone, benzene
(@ >0.45 Ethylene, ethylene oxide
B <0.45 Hydrogen
A = Acetylene

Table 2 - NEC Gas Groups
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Construction of
a Flame Arrester
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Flame Connections Housing Unprotected Side

Typically a flame arrester comprises a housing, an element The filter breaks down the flame front into smaller ‘flamelets’

assembly and connection(s) to secure it to pipework or that are cooled, and consequently extinguished, by the

equipment. The flame arrester element assembly is the critical arrester element. Materials used for the “filter” element

device that quenches the flame. The majority of element include crimped metal ribbons, woven wire gauze and
designs incorporate a “filter”, comprising small apertures
or cells, through which the process gas can flow but which

prevent transmission of a flame.

sintered or honeycombed materials. Due to their design and
construction, the element assembly will cause a pressure drop
whichis an obstruction to process flow.

Element Assembly
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Housing

In order to mitigate this increased resistance to flow, the
elementareais usually larger than the cross-sectional area
of the pipework. The housing of the flame arrester can be
integral to, or separate from, the element assembly. The end

connections are typically flanged or screwed to match the
adjoining pipework.
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Connections Protected side of Flame Arrester

Other applications may require a different type of flame
arrester including dynamic flame arresters (high velocity vent

valves), hydraulic flame arresters (liquid seal) and other more
specialised devices.
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End-of-line Flame Arresters

This section should be read in conjunction with End-of-line Flame Arresters
the attached sketches showing the principles,

rather than the detailed construction of the End-of-line (EOL) flame arresters are fitted to the end of a

pipeline or exit to a vessel to prevent atmospheric deflagrations

different types of flame arrester.

(flames) from entering, and not, as is often believed, to prevent
the flame exiting the vessel or pipeline. Weatherhoods are
supplied to protect the flame arrester element and prevent the
ingress of water and foreign debris. They are usually fitted in a

vertical orientation.

* — Source of ignition
i} o}

Weatherhood

El t
emen Protected side of

Flame Arrester

——— Connection
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Protected side of
Flame Arrester

B

Unprotected side of
Flame Arrester

Element Assembly

In-line Flame Arresters

In-line flame arresters are generally fitted in piping systems to
protect connected equipment. The layout shown above is typical
although itis also possible that the source of ignition could cause
the flame to travel with the gas flow. If the flame could occur from
either direction then a bi-directional flame arrester is required.

In-line flame arresters can be either deflagration or detonation

arresters depending on the conditions under which they are to
be used. Pipe orientation is not usually a problem unless liquid is
entrained in the gas flow and possibly collecting in the bottom
of the arrester. In such situations, an eccentric flame arrester
housing may be fitted to facilitate collection and drainage of the

liquid.



elmactechnologies.com

Other Types of Flame Arrester

Pre-volume applications

Vessel containing
explosive mixture

Source of ignition

Pre-volume Flame Arresters

These are designed to prevent flame transmission from

inside to the outside of a vessel or closed pipe work system;
orinto the connecting pipe work after ignition by an internal
ignition source. Pre-volume flame arresters are required to be
tested using the original configuration or equivalent full-scale
model. The use of pre-volume flame arresters will be limited to
enclosures, contents and pipe work on the unprotected side as

used or simulated in the tests.
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Vessel containing
explosive mixture

Flame arrester used as + Other
breathing vent q equipment

Flame Arrester

Source of ignition

Dirt in the gas stream will collect on the element
causing obstruction and increased pressure drop.
Regularinspection and cleaning are strongly advised.

Y |

IR e

(N

as e



- A - - -
Additional protectio oug e e o
detection ana O e ay pe reag ea
1
I
a acte a a a fa) are falyal a o o 1
A fla a g atop Pro ga O aCco O O O IO a 1
a a o ave a A ke a acte a a a acta a L
a gTla OoT a PIOSIO g O OoOWwarad pro a a a a 1 |
1
| |
ara e OTaTla e arrestie e pre e drop or aegree aTla e a ab e o eTla e arresier ele e ab ed i
)
Ha
o1 0D O O proce O aue 1o e 0oa o O O O g eale add ONna azara app atlo ana ll
1
a ead 10 propile ana e e a a e aeslig pecla developed ana tested  ia e arreste areredg eqa ll |
il
and go eTla e arrester are a ed 10 e proce eTlo OoT eXpIo e e Can be opped aspe
@) alesana pre e arop pe ed e e e enarfla e arreste estead 10 O e g Ca
aneo e a aladeqguate prote O proviaea oe ed ose a es, ale pera e se @) ed
aga e CoO eque esoTa ae allg O Oane erge e asSada 0P O e
eg ed
a g ae ed ere e po Ole SO e o @) es O
g O ay O ana exa a O De protected e a e arresie are a aesignea 1o ecala ole
e opl|e e O place a aeTlagration arrester a Oose a e pera eana pre ‘.'-‘. a experie ed
oo ole 10 e g O O e atlla e allowed 10 proceed ana alnea enginee orad e O e onaltio are
R
ao a plpe e genera a elerate peca e o e O ered. beware o Ola conaitio ere eele e
pre e o aupre g O e easeq (e pera e Pa a anena-o e a eeze over anda pPIo
ana vo eOoro Orod ana oeco e progre e gner te pera esana pre es P easeqd |0ad O e
ored @) op ale a aetlagratio a aergo a e arresterand te g aera al O ated conaltio
a @) O aaetonation ana ererore peco e g a ay pe redg eq
ore de e to eqguipme ere there is one or more
orro e oraangero Osta esare prese eTla e
an one so e or1g ononea ae orthe Tlame arreste
arreste ay oe CO ed g specCla ateria e
A bi-directional flame arreste equired erethereisone o
aljo O ases a a e eelele e oge e a Ccarpo
ore so esorlig oNnonea de ortne Tlame arreste
O a e ee O g oulda e adeqguate
A aple getonatio a e arreste ay poe alled a
a e arresie oula pe alled a Oorda e e
a ere a plpewo e orae O avold anend a e
a a e opera g a alana oula pe a alnea
@) geve e aetonation arrester can pe alleg some
ed a depena go ee g opera g cond O a
a a e aWwa O e lg O O e
a 0a aetlagration or aetonatio aetleCted Ora ab ed mvy | 8 ¥ “
i | !
o ghaso ed, thee e device needs to be checked \ . i
- b !

/A

WD Jawm



elmactechnologies.com

Legal framework for
Flame Arresters

It is recommended that products comply with
the relevant standards so that insurance cover
is not compromised.

A set of European directives relating to installations

in flammable and explosive atmospheres have been
implemented under the general umbrella of ATEX.

These directives describe the essential health and safety
requirements that should be followed in industry to ensure
safe, incident free operations.

There are two directives that relate directly to flame arresters:
ATEX Directive 2014/34/EU (manufactures) and Directive
1999/92/EC (plant operators). These require that products,
sold for use in potentially explosive atmospheres within
Europe since July 2003, must comply with certain standards
of performance. In the case of flame arresters, this includes the
type testing of designs to EN ISO 16852:2016 (the European
standard for the design and testing of flame arresters) as well
as the compliance auditing and qualification of the design and

the concept of zoning of the workplace according to the
risk of explosion in each zone, and requires the operator to
conduct a thorough risk assessment of the operation. It also
places a responsibility to ensure that all new equipment is
ATEX compliant.

Under certain circumstances, flame arresters that are fitted
in-line may also be considered as pressure accessories and
must therefore satisfy the minimum requirements of the
Pressure Equipment Directive (PED) 2014/68/EU. Under

this directive, any equipment sold above specified pressure
and/or volume thresholds must be safe, meet essential safety
requirements covering the design, manufacture and testing of
the product and carry the CE mark indicating that it satisfies
the appropriate conformity assessment procedures.

manufacturing process to ensure reliability and reproducibility

o,
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of the products made.

The current international standard on flame arresters is ISO
16852:2016 (second edition). This has become mandated
as the European standard, EN ISO 16852:2016. Whilst this
standard is not mandatory worldwide, it is hoped that its

existence will obviate the need for the many national and

regional standards that currently exist. Other national
standards include: US Coast Guard, Underwriters Laboratories
(UL) and Factory Mutual (FM).

Furthermore, since July 2006, there has been an onus on
operators of plant and equipment in explosive atmospheres
to ensure that their workplaces comply with the minimum
requirements of EU ATEX directive 99/92/EC. This introduces

21
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FAQs

What is a Flame Arrester?

Aflame arrester (also spelt arrestor) is a safety device that is fitted
to the opening of an enclosure, or to the connecting pipe work of
a system of enclosures, and whose intended function is to allow
flow but prevent the transmission of flame in the event an ignition
takes place. Flame arresters are generally passive devices and
often the last or only line of defence against flame transmission

and possible catastrophic explosions.

Where are Flame Arresters used?

Flame arresters are typically used wherever there is the
potential for an explosion arising from flammable gas or vapour
being mixed with air. Accidental ignition of a flammable mixture
will resultin a flame that will travel through the unburnt mixture
until the fuel is consumed by the reaction. Since a huge range of
process applications are susceptible to this risk, flame arresters
are utilised widely in order to protect people, plant & equipment
and, of course, the environment. .

How does a Flame Arrester work?

For a deflagration with no stabilised flame, the combustion
products are cooled at the element surface by heat dissipation
which prevents continuation of the combustion process
through the flame arrester and into the protected line. In the
event that a flame stabilises on the flame arrester element,
asuddenincrease in temperature will be detected by a
monitoring system and secondary protection measures are

activated to stop the flow of the flammable mixture.

Other types of flame arresters include devices that incorporate
a small aperture that ensures the velocity of the gas being
emitted exceeds the burning velocity of that gas thus
preventing transmission of the flame. Alternatively, the gas
may be bubbled through a liquid, often water, in a manner that
provides a liquid barrier to flame transmission.

What is the function of the Flame Arrester element?

ltis the flame arrester element that quenches the flame and the
majority of designs incorporate a ‘flame filter’ comprising small
apertures that allow the process gas to flow but prevent flame
transmission. The filter breaks down the front flame into smaller
‘flamelets” which are cooled by the large heat absorption
capacity of the element, thus extinguishing the flame. Due

to its construction, the element will cause a pressure drop

oran obstruction to process flow. To mitigate this increased
resistance to flow, the element area is usually larger than the

cross-sectional area of the pipework.

How to specify a Flame Arrester

When specifying a flame arrester, it is important to determine
three important factors: (1) the possible source(s) of ignition and
what is to be protected; (2) the type of flame to be extinguished
i.e.slow or fast deflagration to stable or unstable detonation; and
(3) the most effective positioning of the specified flame arrester
inthe process - thisis usually as close as possible to the ignition
source. In many cases, a flame arrester is used in conjunction with
other components to create a safety system. Flame arresters are
designed to work in a wide range of operating and environmental
conditions, soitisimportant to consider their installation and
application limits. It is essential that the flame arresteris correctly
specified to ensure that a flame is extinguished, or properly
contained, and that an explosion is prevented from propagating
through the equipment.

Do Flame Arresters require maintenance?

Flame arresters require regular inspection and maintenance.

If a flashback is known or believed to have occurred, then the
arrester should be inspected for damage. The small cells or
components of the element are prone to collect dirt and become
blocked thusincreasing the pressure drop and reducing process
gas flow. Damaged or dirty elements should be replaced. Often it
is possible to clean the element for re-use. A correctly maintained

flame arrester can provide many years of service.

elmactechnologies.com

What is a Detonation Flame Arrester?

The installation of detonation flame arresters is crucial to the safe
working of offshore drilling rigs, storage & process tanks, vapour
recovery units and combustion systems. They are specifically
designed for pipelines with a significant distance between the
ignition source and the arrester. They are also used where the
pipe isrough, bent, obstructed or has section changes that result
inturbulent effects and other sources of flame acceleration. This

type of arrester is designed to accommodate extremely high

ignition energies and the resulting pressure wave and flame front.

Accordingly, in-line detonation flame arresters can be placed any
distance from the ignition source and Elmac Technologies have
a comprehensive range that are designed to offer the ultimate
protection in these worst-case unstable detonation explosion

scenarios.

What is an End-of-line Flame Arrester?

End-of-line flame arresters prevent flames from entering a vessel
or pipeline. They are fitted to the end of a pipeline, orexittoa
vessel, to prevent flames from entering into the pipe or vessel,
from entering into the pipe or vessel and not, as is often thought,
to prevent the flame exiting the pipe or vessel. Weather-hoods
should always be fitted where there is exposure to rain and snow
and should be mounted in a conventional, vertical orientation.

How do you prevent explosions from occurring?

Explosions depend on an atmosphere of a mixture of flammable
material with oxygen. The best approach to prevent firesand
explosions is to substitute or minimise the use of flammable
materials. If that is not possible, it is important to avoid effective
sources of ignition. The manufacturing, processing or storage of
explosives is not covered in this guide.

What is a Pressure/Vacuum Relief Valve?

Pressure/Vacuum relief valves are specifically designed

to protect tanks from under or over pressurisation. When
correctly sized they protect against the fluctuations in
pressure associated with the general operation of a storage
tanki.e. thermal expansion and the normal filling/emptying
cycles. ElImac Technologies also produce a full range of
pressure-only and vacuum-only relief vents. Due to the
process of pressure/vacuum relief vents, these products are
also referred to as “breather valves”.

How does a Pressure/Vacuum Relief Valve work?

Avacuum relief vent is a protection device that allows a

tank to ‘breathe’ thus preventing collapse or rupture due

to overpressure of the tank. The vacuum condition of an
atmospheric tank must be controlled by allowing air to flow
into the tank. They can also be used as a primary vacuum relief
for normal tank breathing as it is highly accurate and avoids
unwanted interaction with relief valves. ElImac recommends
that the atmospheric vent of an operating tank should never
be covered or blocked and that tank vents are routinely

inspected for plugging when in fouling or dirty service.
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For more information on any of our products, please don’t hesitate to contact us.

Customer Support

Tel: +44 (0) 1352 717 555

Email: info@elmactech.com \\ EI ©
Fax: +44 (0) 1352 717 642 >\ L I I I a C
Coast Road, Greenfield, Flintshire, CH8 9DP United Kingdom z‘ Techno|ogie$

Protecting People, Property and our Planet.

All specifications are correct at time of print, are for guidance purposes only and subject to change without prior notice.



