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LAME ARRESTOR APPARATU

FIELD OF THE INVENTION
This invention relates to flame arrestor apparatus

5 particularly useful for extinguishing any type of
travelling deflagration flame or detonation flame.
BACKGROUND OF THE INVEﬁTION

A flame arrestor apparatus, usually comprises flame
extinguishing elements which have very small diameter,

10 typically less than 0.040 inch diameter channels that
permit gas flow but prevent flame transmission by
quenching or extinguishing combustion. This results from
the transfer of heat (enthalpy) from the flame (high
temperature) to the solid matrix of channels (low

15 temperature) which effectively provide a substantial heat
sink. _ ’

The quenching process is based on the drastic
témperature difference between the flame and channel
matrix material. As such, this is a transport process

.20 that not only depends on the temperature gradient, but
also on the channel hydraulic diameter and the thermal
conduction (diffusivity) properties of the gas.

The rate of heat loss from the flame is
significantly affected by the level of turbulence within

25 the flame arrestor channel@ The turbulence is associated
with the flow of unburnt gas through the flame arrestor-
‘as instigated by the pressure rise that accompanies a
flame front to the element. The flame induced flow is
always in the same direction as the impinging flame

30 travel. The pressure rise can range from a small
fraction to more than 100 times the initial (pre-
ignition) absolute pressure in the systenm.

Two of the most common types of flame arrestor
elements are the crimped ribbon type such as described in

35 U.S. patent 4,909,730 and the parallel plate type as
described in Canadian patent 1,057,187. The major _
advantage of these constructions is that it is possible
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FLAME ARRESTOR APPARATUS Description FI ELD OF THE | NVENTI ON
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to build a device with a fairly large percentage of open
flow area per unit cross section while maintaining
precise channel dimensions. This is very important
because flame arrestors are often used in installations
5 where large volumes of gas must be vented with minimal
back pressure on the system. It is generally understood
that even small deviations in channel dimensions can
compromise flame arrestor performance. These can be
referred to as straight path flame arrestors because the

10 gas flow takes a straight path from the channel entrance
to the exit.

A major disadvantage of the straight path units is
that they do not extract heat from the flame very
efficiently. One method commonly used by designers to

15 overcome the low heat transfer efficiency of straight
path units is to further reduce the hydraulic diameter of
the straight path channels. This is intended to increase
heat transfer efficiency by increasing the lateral area
of heat loss per unit volume of flame front. However,

20 the diameter reduction further increases the tendency for
laminar flow which in turn further reduces heat transfer.
The channels of reduced diameter also become clogged and
fouled by. ligquids or particles that are usually present
in the system.

25 Another method fregquently used to overcome the low
heat transfer efficiency of straight channels is to
design an element consisting entirely of tortuous path
channels. Examples of these include, stacked expanded
metal or wire mesh, sintered metal or ceramic, packed

30 Dbeads and steel wood plug. The disadvantages of tortuous
path elements is that they clog readily, are difficult to
clean, and they have unacceptably high flow pressure
drops, resulting in the need for excessively large
element flow cross sections.

35 There are several examples of these types of
systems, as given in prior patents. Examples of wire
mesh systems are described in U.S. patent 1,701,805 and
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di fference betweeniriteeriipter. atthechaystedmaraihick develop tortuous paths
for the gas flow are described in Canadian patents
5 565,942 and 709,337. Such tortuous paths are provided by
beads, particles and the like which are also used in a
system described in U.S. patent 2,044,573.
A system which involves crimped ribbon and laminar
flow channels for the flame arrestor element are
10 described in U.S. patents 2,087,170; 2,789,238 and
3,287,094.
Other types of systems involve nesting of plates,
such as described in U.S. patents 1,826,487; 1,960,043;
2,068,421; 2,186,752; 2,618,539; 2,758,018 and 3,903,646.
15 1In these flame arrestors the plates are nested in a
manner to provide flame extinguishing properties by
transfer of heat from the flame front to the flame
arrestor element.
As noted, the difficulty with these flame arrestor
20 systems is that the channels through which the flame
front flows causes a laminar flow in the flame front.
This is detrimental from the standpoint of arresting high
pressure flames, particularly detonations. It has been
found however that in order to ensure extinction of the
25 detonation type of flame, additional modifications must
be made to the arrestor having a wire mesh plate or
crimped metal design. In U.S. patent 4,909,730 a
detonation attenuating device is positioned upstream of
the flame quenching elements. Testing has demonstrated.
30 that the presence 'of the cup-shaped detonation
attenuating device to attenuate impinging shock waves due
to detonation significantly improves the overall
performance of the flame arrestor having the standard
type of crimped metal heat transfer flame arresting
35 elements. However, the use of the detonation attenuator
cup causes significant flow restrictions in the gas
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rret;eri al. As 'such, this is a transport process that not only depends on the"---_.
t enper at ure g but also on the channel hydraulic dianeter and th
t hermal conducti on&% dl £ f usi vi ty) properties of the gas. PET/¢AR3E00 3?3
heat loss fromthe flame is significantly affected by the | evel of _
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with the flow of u g ]Faq;‘?r snsd gat ed by
the pressure rise gglgggﬁ% nlggsgga%jréeﬂ?r; ﬁ\g@g errentt.gx%The flame
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significant back pressure. Designs which enhance heat
transfer of the flame front to the arresting element have
the overriding flow limiting factor of small diameter
channels which induce laminar flow and hence, reduce the

10 effectiveness of heat transfer from the flame front to
the elements due to the boundary layer effect of the
laminar flow through the small diameter channels of the
element. There therefore continues to be a need for a '
flame arresting device which can extinguish all tYpes of

15 travelling flames ranging from deflagration types through
to the very high pressure detonation types without overly
restricting normal gas flows through the arrestor.

OF THE INVE ON
The apparatus according to this invention

20 incorporates special elements which enable normal designs
for arrestor elements to extinguish or quench the various
types of travelling flames ranging from low pressure
deflagration flames through to high pressure detonation-
flames.

25 According to an aspect of the invention, an
apparatus is provided for extinguishing a flame
travelling along a pipe where the travelling flame is

- characterized as any type of deflagration flame or
detonation flame. The apparatus comprises:

30 i) a housing with an inlet and an outlet and means
for connecting the inlet and the outlet in a pipe,
Cid) a flame extinguishing device, :
iii) means for securing the device in the housing,
iv) the device including a plurality of serially

35 arranged elements, each element having a plurality of
longitudinally extending channels,
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Two ofhe nost conmon types of flame arrestor elenments are t he cri nped

ri bboift ype escribed in U S. patent 4.909.730 and t
pl at eft ype aéyggg@ﬁgged i n Canadi an patent 1.057.187. The naljt@e d@g&ﬂ?ﬁ

of thgse constructions is that it is possiblg to build a device with a
fairly large percentage of open flow area per unit cross section while
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flame arrestors ar sta et e Vv s. of gas
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entrance to the exi vant age ralght path units
is that they do noﬁnﬁﬂqea@eﬁehf quaGthHésfﬂénifW\/ér 91’1\;qutlch'5nﬂ-?me One
met hod commonl y useftdyernieeilgnedts,t 0 overcone the | ow heat transfer

efficiency of straighf;path yoiiSick h8viHE D usticient nunber of
elements to extinguish any type of flame travelling along
10 a pipe in which the apparatus is connected, and
vii) means for sealing the elements to the housing
to direct flame flow solely through the elements and the
turbulence inducing means.
BRIEF DESCRIPTION OF THE DRAWINGS
15 Preferred embodiments of the invention are shown in
the drawings, wherein
Figure 1 schematically shows a flame arrestor within
a vent pipe for an oil tank, _
Figure 2 is a section through the flame arrestor of
20 Figure 1,

Figure 3, which accompanies Figure 1, shows the
.stacked elements in accordance with the preferred
embodiment of this invention,

Figure 4, which accompanies Figure 2, is an exploded

25 view of the turbulence inducing device positioned between
two flame arrestor elements, '

Figure 5 is an exploded view of adjacent elements
with the turbulence inducing device.positioned'
therebetween, _

30 Figure 6, 7 and 8 are enlarged views of various
types of turbulence inducing devices, and .

Figures 9, 10 and 11, which accopanies Figure 5, are
enlarged views of alternative forms of flame arresting
elements.

35 DETAILE ESCRIPTIONS OF THE PREFERRED BO ENTS

It is appreciated that flame arrestors or, in more

general terms, apparatus for extinguishing or.quenching
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reduce’the hydraulic dianeter of the straight path channels. This is
intended to i eat transfer efficiency by increasing

area of heat F&j;g?@g? unit volune of flane front. However, tPE‘?O&A%ﬁ)E)%?’
reduction further increases the tendency for gl am nar flow vvh| ch in turn
further reduces heat transfer. The channels of reduced di anmeter al so becone
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system A0t NelaoBERDELILTHOB Yailsfdsl B WPTAATE Le| QUAIGAL {ans er

efficiency of straig n,an el’enment consi st n% entirely
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or wire nesh, sinteased oftile dlaneranestopaokethixdsyeanionst el stwovagel ug.
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difficult to clean, and they have unaccepta gj_pessur %ﬁ
resulting in the ngéae?ot?a%ﬁcé@m‘v%’r%? 1%Zrget @I%‘Pf’e PRy PRIy LBet YeRk .
pipe 12 has a flare 14 for burning the off gases. The

common problem with this arrangement is that the flare 14
may develop an flame front which flows back through the

10 pipe 12 into the tank 10 causing an explosion within the
tank. The purpose of the flame arrestor 16 is to prevent
travel of that flame front through the pipe 12 and into
the tank. As shown in more detail in Figure 2, the flame
arrestor 16 has an inlet 18 and an outlet 20. The inlet

15 has a coupling flange 22 and as well the outlet has a
coupling flange 24 to facilitate in the normal manner
coupling of the flame arrestor to the pipe in which
flames are to be arrested. It is apparent however from
the section of Figure 2 and from the following discussion

20 of various embodiments of the invention that the flame
arrestor is bi-directional so that the inlets and outlets
for the arrestor can be reversed. However, in order to
facilitate discussion of the unit, the inlets and outlets
will be referred to on the basis of it having been

25 .positioned in a pipe to define the direction of flow
being that of arrows of 26 and 28.

on the inlet side of the flame arrestor is a chamber

30 which has a cross—-sectional area approximating the
entrance 32 to the flame arresting device, generally

30 designated 34. The inlet chamber 30 is defined by a
diverging cowling 36 which is of sufficient structural
strength to resist failure in the event of the very high
pressure detonation flame fronts. The flame
extinguishing device 34 is housed in a cylindrical sleeve

35 38. The cylindrical sleeve 38 has an inner surface 40
which abuts the periphery of the flame extinguishing
elements to act as a seal relative to the inlet chamber
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these flane ar r est GESiFReths AressyFes Rk daFoPAtioRpiaRe fronts. Both

the inlet and outlet cowlings 36 and 44 are provided with

collars 46 and 48. The collars 46 and 48 include

apertures 50 through which threaded rod 52 extends and is
10 secured by bolts 54. This clamps the sleeve 38 in

There i

position to retain and secure the flame arresting device
34 in place. To ensure that the flame arresting device
34 is not crushed between the inlet and outlet cowlings
and to also ensure that the elements are retained in

15 position. Element supports 56 and 58 at the inlet and
the outlet are provided to prevent element blow out by
advancing high pressure flame fronts. The supports are
sandwiched or wedged between the inlet and outlet
extinguishing elements 60 and 62 and the respective

20 collars 46 and 48.

The flame extinguishing device 34 according to this
particular embodiment comprises two individual ex-
tinguishing elements 60 and 62 at the respective end
portions'for the device and two intermediate elements 64

25 and 66. It is appreciated however, that depending on
performance criteria, there could be as few as two
elements or more than 3 or 4 elements. Each element
comprises a crimped ribbon metal foil of approximately
0.01 inches in thickness. The crimped metal ribbon is

30 wrapped about a solid mandrel 68. The crimped metal
portions, as shown in Figure 3 may be annular elements 70
layered one upon the other or may be spirally would about
the mandrel 68. Further details of the crimped metal
element are described with respect to the enlarged view

35 of Figure 4. As shown in Figure 3, the outer
circumferential portions 72 of the elements are contacted
and encased by the inner surface 40 of the arrestor
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Also, as shown in Figure 3, the element support 58 is a

ring 74 having an inner grid defined by cross members 76
and 78. The inner face 80 of the support member abuts
10 the outer edge of the respective element 62 in the manner
shown in Figure 2. Its outer periphery 82 is positioned
within the sleeve 38 which houses the elements to provide
a self-contained cartridge. This self-contained feature
for the flame arrestor element provides for ready repair
15 and replacement of the flame arrestor element. The
threaded rods are removed which permit dropping from the
flame arrestor, the sleeve 38 along with the contained
elements. The unit can be simply replaced or the
elements knocked out from the sleeve and a new elements
20 inserted. As will be discussed with respect to the
remaining drawings, the design of this system facilitates
the use of larger channels in the flame extinguishing
elements so that the need to remove or disassemble the
flame arrestor to allow cleaning thereof is significantly
25 reduced. '

As shown in Figure 4, the distinguishing aspect of
this invention over the prior devices is the use of the
turbulence inducing devices positioned between the
elements 60, 62, 64 and 66. The turbulence inducing

30 device 84 comprises a plurality of surfaces which
redirect or interrupt the flow of the flame front from an
upstream element 60 into a downstream element 64 in the
direction of flow 26. The element 66 has a plurality of
channels defined by the crimped metal ribbon 86 as

35 located between wraps 88 and 90. These channels which
extend in the longitudinal direction parallel to arrow 26
effect the transfer of heat from the flame front into the
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elements which are made of a heat conductive metal such
as copper, aluminum, stainless steel, steel alloYs and
the like. The channels 92 are of a hydraulic diameter
which effect a sufficient redistribution of flow to
optimize on the heat transfer from the advancing flame
front to the elements by providing maximum possible
surface area without overly restricting flow or
increasing back pressure at high flow rates. 1In
accordance with standard technigues the hydraulic
diameter for the channels 92 is proportional to the
cross-sectional area of the channel divided by the total
wetted periméter of the channel. The specific formula
for a defined channel is understood to be

channel hydraulic diameter = 4 x cross section area of channel

total wetted perimeter of channel

The channels 92 are of a length which normally causes
laminar flow to result in the flame front as it flows
through the length of the channel. The turbulence.
inducing devices 84 by redirecting or interrupting the
flow of the travelling flame front cause turbulence, as
indicated by eddy currents 94 to be induced in the flame
front before entering the next element 64. In this way
the boundary layer thickness of the laminar flowing flame
front as its exits element 60 is broken up or at least
drastically reduced before entering the next element to
enhance significantly the heat transfer capabilities of
the elements and promote flame extinction. Quite ‘
surprisingly, it has been found that by the use of these
turbulence inducing elements it is not necessary to
provide in combination with the crimped metal eleménts,
any other device to handle flame extinction caused by
detonation flame fronts. As will be demonstrated in the
following tests, the turbulence inducing devices provide
significant superior results compared to prior art

"l
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mefal heat transfer flame arresting el ements. However, the use of the
det ohati on at { o cup causes significant flow restrictions in the gas
exhausti ng syst em%a?xgc? conpl i cates manufacture of the device. Pcr/CAgv’ﬁ(P?zr?éugh
systens have been provided which can arrest flanme fronts of the

defl agrati on or detonation type, such systelrﬂs require the use of el enent

desi gns whi ch devehgp; &dfniahlaC 2Rt pdIAGEuRh LS Sl ceLCRAGNSy WHinBe8 e heat
transfer of the fl front, to,the arresting el enent have the overriding
flow limiting fact 3iang FUAFHRS SLSBRAMTel s  which induce |aminar flow

and hence, reduce the ditdcriefenence ¢b FRigure riandkepodituinnimg bF avhee f r ont

to the el ements dugurb@idia Ragnsaly ehaneht &fd et sRbwi Ne Bral¥eRablf) e
t hrough the srmél anet.er chan ere therefore

d ngl s Qf. the el enen Th
continues to bea R %%erftor“alfl%ﬁesuggﬁgéf?ﬁgsﬁfé\?ﬂ%@ i SRtk BRY iBRyui sh
all types of travevedgr fhefweenrtheidoynstoeanieidge- portion 96 of element
60 and the upstream edge portion 98 of the downstreanm

element 64. The turbulence inducing device 84 has
effectively opposite edge portions 100 and 102 which

10 contact edges 96 and 98 to locate the device 84 and
position it and at the same time space the elements 60
and 64 apart. The element 84 has a plurality of sloped
vanes 104 which obstruct the flow of gases in the
direction of arrow 26 through channel 92 of element 62

15 into channel 92 of element 64. As already exemplified
with respect to Figure 4, such positioning of the vanes
104 causes eddy currents 94 to develop so that flow into
channel 92 continues to be in a turbulent manner with
some flow straightening as the gases approach the

20 downstream side of the channel 92 of the downstream
element 64.

The turbulence inducing device 84, having the
sloping vanes 104, may be constructed in a variety of
shapes and manners. For example, expanded metal is a

25 preferred way of producing the turbulence inducing device
84 as shown in Figure 6. Expanded metal comprises
crisscrossing elements 106 and 108. The expanded metal
if formed by piercing metal sheet to form parallel offset
cuts and then drawing the metal apart to form the

30 triangular shaped openings 110. In the process of
drawing the metal sheet apart the crisscross members 106
and 108 can be sloped in the manner shown in Figure 5 to
provide the sloping vane surfaces 104.

In view of the principal of the invention

35 demonstrated with respect to Figures 4 and 5, it is
appreciated that other types of turbulent inducing
devices may be positioned between the upstream and
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speci al el ements which enable normal designs for arrestor elenents to
extingui sh or quench the various types of tAdvelling flanmes ranging from
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provi ded for extirghg siemgnts fraymbet Lnvhe ifiFmabéndewiqsispet Figure 7
and 8. In Figure 7 a wire mesh 112 is provided having
crisscross wires 114 and 116. The positioning the wire
5 mesh and its sizing is such to obstruct the flow of the
' flame front from the upstream element to the downstream
element so that in accordance with the action provided by
the element 84 of Figure 5 turbulence is induced in the
flame front before entering the channels 92 of the
10 downstream element. Similarly, with Figure 8, a
perforated plate 118 is provided having perforations 120
formed therein. The crisscross nature of the plate 122
interrupts the flow of gasés'from one element to the next
so that in accord with the principal discussed with
15 ' respect to Figures 4 and 5 turbulence is induced in the
flame front before entry into the channels of the
‘downstream flame arresting element.
It is appreciated that the sizing of the particular
embodiments shown in Figures 6, 7 and 8 is chosen to
20 ensure that maximum interruption in the flow pattern of
. the flame front from one element to the next is provided
without significantly reducing flow rate or significantly
increasing back pressure.
It is appreciated that the flame extinguishing
25 elements of Figure 3 may have differing designs such as
those shown in Figures 9, 10 and 11. 1In Figure 10 a tube
bundle 124 is provided which comprises individual tubes
126 having the necessary hydraulic diameters to effect
flame extinction. Similarly, with the parallel plate
30 device 128 of Figure 10 the hydraulic diameter defined by
the spacing 130 between plates 132 and 134 is such to
effect the flame extinction. The grid system 136 of
Figure 11 comprises normally, intersecting fins 138 which
define the channels 140 extending through the element
35 136. It is understood that these designs may be made of
materials other than metal, such as, plastic, ceramic,
glass and the like. It is understood that the time to
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where the travelling flame is characterized as any type of deflagration

fl ame or detonation flanme, the apparatus com prising: I ) a housing

wi th an inl et whed/e019out | et and nmeans for connecting the inl ACTAGAP3Y00363 g
outlet in a pipe, ii) a flame extinguishing device, iii) means for 5
securing the device in the housing, i v) ﬂﬂe devi ce including a ¥

lurality of serial arran el ement eac ment, _havi n ality of
Pongit|Jd¥naIIy %?ﬁ&ﬁﬁg %hﬁaﬁﬁéPs f4 ustaliy | PR enlk2oRd Sedind. Y

During thls_relatlvely short interval, the elements do

not heat up to a temperature which can cause damage to

them. This mass of the elements and their relative very
5 1low temperature prevents overheating of the elements.

' Although not wishing to be bound by any particular
theory with respect to the surprising improved
performance of this type of flame arresting device, it is
thought that with the prior art devices the hydraulic

10 diameter of the channels required to effect extinction of

. detonation flames and types of deflagration flames
promoted laminar flow of the flame front through the
channels. This laminar flow develops a boundary layer of
gas turbulence which significantly increases resistance

15 of heat transfer from the flame front to the metal
elements thereby requiring either increase in surface
area to effect flame extinction or a several fold
increase in length extension of the laminar flow
channels. Contrary to that system, the turbulence .

20 inducing devices of this invention minimize boundary
layer thickness in the advancing flame front within the
channels so that increased heat transfer is realized and
quite surprisingly to an extent which does not require
any additional devices such as detonation attenuators in

25 the unit to effect quenching of high pressure detonation
flame fronts.

In view of this enhanced performance, the flame
extinguishing elements used in the flame arrestor of this
invention, the device can be designed with channels

30 having hydraulic diameters which provide for more than
acceptable flow and pressure drop characteristics despite
their enhanced performance. This permits the designing
of the straight path section of the flame arrestor
elements with acceptable channel hydraulic diameters

35 which avoids clogging and also facilitates cleaning as
required. This type of element is easy to construct in a
form which is capable of withstanding repeated high
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charactefised in that: v) means is provided for inducing turbul ence in
fl ow of7fl ame through the el ements, the turbul ence induci ng neans ‘bei ng
posi tioned be%%“@i@?aoent el ements and havi ng surfaces for PGHGA?IP263
turbulent flowin flanme exiting an upstream el ement and before entering
a ‘downstream el enent to enhance thereby heat ¥ransfer froma travelli ng
sufficient nu

o £ b PherBikies solhded U8 S5HLEENOY ABGR S Sabuliipe o)
the apparatus is co‘ﬁh‘@b%c’naﬁﬁon wavg pr fibames frontsealIthdst Bdsel enents to
the housing to direaidddstedf tigae blechyphhsOugtorhexel mfEEhingnd1ddes tiwr bu-
accordance with this invention may be used with a variety
5 of flammable gaseous mixtures. The most common
applications involve the typical alkane hydrocarbon
vapour mixture with air. For example, methané, propane
and ethane. The invention also applies to combustible
gases that are more difficult to extinguish such as

10 ethylene, acetylene, hydrogen, hydrogen sulfide and the
like. The apparatus may also be used in applications for
arresting flames that include pure oxygen or oxygen
enriched air which can withstand high pressure detonation
flame fronts associated with such combustible mixtures.

15 Tests have been conducted to demonstrate the superior
performance of the flame arresting apparatus according to
this invention. A standard test unit was used to
determine pass or fail of various flame arrestor designs.
The test unit is constructed in accordance with standard

20 flame arrestor testing techniques which is briefly
described as follows.

The flame arrestor test system is made up of three
sections: the run-up side, the test flame arrestor and
the protected side. Although the unit is briefly

25 described here, it can be found in several reference
texts and in particular, the new guidelines for the unit
can be found in greater detail in Canadian Standards
Associated standard 2343 (revised edition to be published
March 1993). The run-up section consists of 40 feet of ‘3

30 inch steel pipe. -Spark plugs are installed at 1 foot
intervals along the entire length in order to permit
variation of the conditions of flame arrival at the flame
arrestor face. 1In general, the arrival pressure
increases with increasing distance of ignition from the

35 arrestor. At the end furthest from the arrestor, there
is a three foot long flame accelérator to allow the
generation of detonations within the limited test run-up

-
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I'ence i nduci ng means. BRI EF DESCRI PTI ON OF "THE DRAW NGS Preferred :
enbodi mrents of the invention are shown in the draw ngs, wherein Fi gure \
1 schemati cal IyOSh@at97a fl ane arrestor within a vent pipe forP@HCaPY0G2aMkK
Figure 2 is a section through the flane arrestor of Figure 1, Figure 3,
whi ch acconpani es Fi gure 1, shows the stackeddel enents in accordance wth

the preferred enbod&nE th. A pressure transducer is located about 6 inches

from the arrestor inlet flange in order to monitor the
flame arrival pressure. Also, a flame verification
thermocouple is at the same distance relative to the

5§ inlet flange.

on the protected side, two different explosion
venting conditions can be tested: open end and
restricted end. The open end pipe is 10 feet long while
the restricted end pipe is two feet long with a one half

10 inch diameter by 6 inch long vent nipple attached to the
end. A flame detection thermocouple is installed on the
protected side in order to monitor flame arrestor
failure. As well, a pressure transducer is used to
monitor pressures on the protected side. The test

15 procedure consists of purging the test system with a 4.2%
propane-air mixture, ignition and assessment of flame
arrestor performance.

In the aforementioned U.S. patent 4,909,730 a test
system similar to that described above was used in

20 testing the flame arrestors which included various types
of element designs as well as the use of a detonation
attenuator cup. Of the various designs tested it is
interesting to note the results of tests on the element
design of Figure 16 of that U.S. patent. That design

25 consists of a plurality of individual elements stacked
together without the use of an attenuator cup. The
channel hydraulic diameter was approximately 0.04 inches
which involved the use of a 0.05 inch crimped height for
the element channels. The conclusion in testing that

30 unit was that for detonation flame fronts, it failed.

In order to test the advantages and unexpected
features of this invention it is apparent that in the
prior art devices the detonation attenuator cup is
required to provide a useful unit. We have therefore

35 compared the performance of a flame arrestor design
having the extinguishing elements 60, 62, 64 and 66
without the turbulence inducing devices positioned
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of, thiiszfnvention. - Figure 4, which acconpanies Figure 2, is an expl oded
- view ¢fft'he turbul ence i-nduci ng devi ce positioned between two fl ane
arrestdr el eneM094/00197 Figure 5 i s an expl oded vi ew of adj aceRE€T/€ARIBIAGS
with fhe turbul ence i nduci ng devi ce positioned therebetween, Fi gure 6,
.7 and 8 are enlarged views of various types @5 turbul ence inducing devi ces,

and Fgures 9, 10 and 11, which ,accopani es F%%gre,S, are enlarged Vi ews
of alternative fornFRAFsIehYEen L INFIeRRYIth thRpRFLor anETAPERRRTION
DESCRI PTI ONS OF THEtRirBRREDcE)/ROBSIiIREMNISE in front of the elements in

accordance with the design configuration of Figure 3 of
that U.S. patent. The hydraulic diameter of the channels

5 in the elements of the test unit having the attenuator
cup without the turbulence inducing devices was the same
as the hydraulic diameter-of the channels in the elements
of the design in accordance with this invention. The
flame arrestor elements had the following

10 characteristics:

1) the crimped height of the channel was 0.070
inches,

2) each element was approximately 2 inches thick,

3) each element had a diameter of 9.5 inches,

15 4) the hydraulic diameter of the channels was
0.055 inches which is 38% greater than the
hydraulic diameter of 0.04 inches for the
elements of the aforementioned U.S. patent
4,909,730, and

20 5) the metal foil in the crimped metal element has
a thickness in the range of 0.01 inches.

Based on the above test conditions and design
criteria the results are set out in Table 1 where column
A is the Run-up Distance to the attenuator, that is, the
25 distance of ignition of the gas in front of the arrestor.
Columns B and C relate to the prior art device having the
detonation attenuator cup and Columns D and E relate to
the subject invention. 1In columns B and D the pressure
upstream of the attenuator is measured by the pressure
30 transducer and given in PSIG.
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I't-is épprecrated that flame arrestors or, in nore general terns, apparatus
for extingui shi mD adzesiyenching flanes, are used in a variety of
such as denonstrated in the discussion of prior ®I/GASIRIE:

appl i cations,
It is therefore i nt ended t hat Figure 1 rgpresent one of the uses of the

flame arrestor of this invention. A storage tank 10 for the flammable

| i qui d which produce flanmabl e gases has a vent pipe 12. In the normal
manner, the vent pipe 12 has a flare 14 for burning the off gases. The

cormon problemwith this arrangenent is that the flare 14 nmay devel op an
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In all situations of advancing flame type, whether
it be low pressure deflagration or high pressure
detonation, the device of Figure 4 performed extremely
well and passed in each instance, whereas the flame

5 arresting device common to the prior art failed on
several occasions.

The prior art system used a channel hydraulic
diameter of 0.04 inches. The flame arrestor according to
this invention performed successfully even though the

10 hydraulic diameter of the crimp channels was increased to
0.055 inches (38% greater) and a 90% increase in channel
hydraulic area. As a result, the subject invention
permits the flame arrestor to perform successfully with
significantly greater channel hydraulic diameter. This

15 design reduces clogging of the elements and reduces the
pressure drop of the crimped ribbon elements by about
30%. As previously noted, equivalent relative benefits
can be realized for flame arrestor applications with
smaller hydraulic diameters for use with systems

20 involving more flammable gases such as acetylene,
hydrogen, ethylene, hydrogen sulphide and the like. For
such very flammable gases, the hydraulic diameter may be
as low as 0.005 inches which is still larger than what '
would be required in prior art devices. It is also

25 understood that in some applications with less flammable
gases, - the hydraulic diameter may be greater than 0.05
inches up to approximately 0.10 inches.

This invention provides a more readily constructed
apparatus for extinguishing travelling flames with a

30 minimum number of components yet covers most applications
and can withstand repeated high pressure detonations.

Although preferred embodiments of the invention are.
described herein in detail, it will be understood by
those skilled in the art that variations may be made

35 thereto without.departing from the spirit of the
invention or the scope of the appended claims.
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[

 This Sheet Has Been R 'p ced



-3- +back through the p ank 10 ‘causi ng an expl osion w thiN.
the tank  The purpose of umnﬁﬁ"ﬂl E r 16 is to prevent travel of that\
flame front tNQBOIOhEe snt® the tank. As shown iRCTv@x%3/0d243i | .
in Figure 2. the flane arrestor 16 has an inlet 18 and an outlet 20. The b
inlet has a coupling flange 22 and as well tH8 outlet has a coupling i
flange 24 to facilitate_in the normal nmanner coupling of the flanme arrestor
to the pipe in whi FEQLMMS are to be arrested. it is apparent however
fromthe section of Figure 2 and fromthe follow ng di scussion of various

enbodi ments of the ;invept hB?a{-é\ﬁIs tf'%’i‘- Ek@i’?ﬁ‘gxﬁ%ﬁ%&% ﬂl%mlé' @k&@&iiﬁ@' 50

that the inlets and outlets fTor th rest or

order to facilitate*HdsBiBR YﬂeQFh§hﬁnFYaY?ﬁ}lPHIg%%?%uﬁf GBFFGTEFR&QEF be
referred to on the ¥msny sipetohaldfilggbativpddiame or detonation flame,

said apparatus comprising:

i) a housing with an inlet and an ocutlet and means
for connecting said inlet and said outlet in a pipe,
ii) a flame extinguishing device,
10 iid) means for securing said device in said housing,
iv) said device including a plurality of serially

arranged elements, each element having a plurality of
longitudinally extending channels,
v) means for inducing turbulence in flow of flame
15 through said elements, said turbulence inducing means
being positioned between adjacent elements and having
surfaces for inducing turbulent flow in flame exiting an
upstream element before entering a downstream element to
enhance thereby heat transfer from a travelling flame
20 into said elements,
vi) said device having a sufficient number of said
elements to extinguish any type of flame travelling along
a pipe in which said apparatus is connected, and
vii) ‘means for sealing said elements to said housing
25 to direct flame flow solely through said elements and
said turbulence inducing means.

2. An apparatus of claim 1 wherein said surfaces of
said turbulence inducing means are adapted to disrupt

30 flame flow exiting from said upstream element to an
adjacent said downstream element.

3. An apparatus of claim 1 wherein said turbulence
inducing means is a rigid component abutting édjacent
35 elements to space apart said elements, said- component
having a thickness which is less than 10% of a
longitudinal length dimension of said element.
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:-',a pi pe to defi [ ' f flow being that of arrows of 26
=3 On the inl e[ﬁ“i“ﬁ"mfimﬂmml arrestor is a chanmber 30 which
£1 0SS- SEWO BINGD19Ar eax APl @XI WAL s g« L he entrance 32 to t berid 3R0263

arrest’ing device, generally designated 34. The inlet chanber 30 is defined

by a diverging cowming 36 which is of sufficiast structural strength to
resist failure in the event of the very high pressure detonation flane
fronts. The flame exti ng@nsAPPAFatdF €€ slhaim holereinpsaidyurhdiencd sl eeve

38. The cylindrical sdrMag38edts idnai lﬂﬂ@id swn{p%@.enfoamtqmgabaial:ér?s o
eri phery of the fla LLngyj shi pent s _t.q act_as seal _relative

ltoheI Pnl -e%/ chanmber 30 _%m:é)rﬁté:ﬁ' %%115‘%rslql%fgf%%t°%Iﬁal§a§8§p??ecf€\tﬁ ﬁgs%ﬁ??ﬁf{ﬂ? t he

inlet flow sol ely tH¥ARFF fié“ |Ehew Eremsehanpedsyirfesaidd upstream|etem@dthas

an outl et chanbes 424y ehahgélls @F heiafwmﬁis}.&eqlin &m&?m Itgt ig@u?ér?e out | et
chanber 42 is defin ' 4. whj | . al so A _materi resis
the pressures of 'de'?%‘r#a}%élb ng\&\l%adrrle%glf éoﬁ*@#f@oﬁ %ltoﬁeepﬁ?%%ngaﬁalgu??"gls(%ream
cow i ngs 36 and element. -

5. An apparatus of claim 4 wherein said c¢mponent
10 comprises a plurality of angled vanes.

6. An apparatus of claim 4 wherein said component is a
perforated plate.

15 7. An apparatus of claim 4 wherein said component
comprises a wire mesh.

8. An apparatus of claim 5, 6 or 7 wherein said element

is formed of crimped ribbon metal wrapped about a core in
20 a manner to define said longitudinal extending channels

having hydraulic diameters which effect flame extinction.

9. An apparatus of claim S5, 6 or 7 wherein said element
is formed by parallel plates to define said longitudinal
25 channels having hydraulic widths which effect flame
. extinction.

10. An apparatus of claim 5, 6 or 7 wherein said element
is formed by a bundle of parallel extending tubes, each

30 tube having a hydraulic diameter which effects flame
extinction.

11. An apparatus of claim 5, 6 or 7 wherein said element
~is formed by a grid of intersecting plates to define said
35 channels which are rectangular in cross-section and have
a hydraulic cross-sectional dimension which effects flame
extinction.
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44 are provi WP4REIBT col | ars 46 and 48. The collars 46 and RETIGASR/Q0RS3
Lapertures 50 through which threaded rod 52 extends and is secured by bolts
54. This clanps the sleeve 38 in position t% retaln and secure the flane

arresting device | ace. _Jo ensure. t hat he stin eV|ce 34
i s not crushed beié/e A‘Frf“é’paﬁ%?s c&ﬁﬁ“e? oWt ngs ant x\ °3?§§u‘g

that the el ement schpranelks mifnsaid rﬁlyy@@mcmhavaameﬁfeeﬁmwslrsslmd 58 at

the inlet and theaguhbt€ir AhQcRI s W €8d Landy @rent 06b eifdHesblkaVo 01 by
advanci ng hi gh pr ggggrg flame fronts. The supports are sandw ched or wedged

bet ween the inlet outl et extinguishing elenents 60 and 62 and the
respective colPars 46 and 48. The flame extingui shing device 34
according to thisaipartig Hpparetid @menkifiofPiierRint ¥0id Ndlieweditals

ext I ngul Shing ol eyg0Lga O 809,02 F1pblls LESRPSHRYRANhAN Ul Q03,1 4 e

device and two in rned nment’s re- cra
however, that depBABNeR) "(S-hdﬁéFﬁ%r%ﬁ‘cé%ﬁﬁ‘éﬂ’&llﬁ’h%@fﬁg‘ﬁﬂdCbéma%lﬁ ew as

two el ements or naaeikdaydratlid ddameters which effect flam extinction,

10 said vanes of said component being defined by expanded
metal, said element and said components being circular
and having equivalent diameters, said sealing means
comprises a sleeve enveloping and contacting outer
circumferential portions of said elements to direct

15 thereby all flame flow from said inlet through said
elements.

14. An apparatus of claim 13 wherein said securing means
comprises a first support grid fixed against said element
20 at said inlet and a second support grid fixed against
said element at said outlet, said housing having means at
said inlet and said outlet for wedging said support grids
against said respective elements. '

R R O
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ment s.:7Edch el ement conprises a crinped ribbon metal foil of approximtely
0. 25 n#y(0.01 inches) in thickness.t The crinmped netal ribbon is w apped
about g sol i dWRPHPMP7 68. The crinped netal portions, as showmCTVeABraaskr 3
may be annul ar el ements 70 | ayered one upon the other or may be spirally
woul d about the mandrel 68. Further detatf$ of the crinped netal el enent
are described with respect to the enlarged view of Figure 4. As shown in
Figure 3. the outer cir- cunferential portiqpns 72 of the ele ts are
contacted and encdSKg Py the inner of the arrest feeve 38. As
is illustrated, the turbulLe gr odynam ¢ di st I ng devi ces
e Yiongi tudi nal M ength of each
v 10%jof each el enknt | ength and
preferably have a thi t hefjhydraul i ¢ dijpneter of the
as shown in Figured3, tfje el ement sypport 58 is a

el ement channels. Al sy
ring 74 having an innpi\grid defined b dss ngnbers 76 andj 78. The
i nnerface 80 of the sjuppor T ———‘Jrjﬂl

el enent. The devi ces 3

L
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ber abi the outer edge of the respective elenent 62 in the manner shown
in Fighfe 2. Its outer periphery 82 is posi- tioned within the sleeve 38
whi ch flouses tWO Mr@aents to provide a sel f-contained cartri dger/chBsBo263
sel f-contained feature for the flane arrestor el enent provides for ready
repair and replacenent of the flame arrespps el enent. The threaded rods are
renoved which permt dropping fromthe flane arrestor, the sleeve 38 al ong
with the contained el ements. The unit can be sinply replaced or the

el ements knocked out fromthe sleeve and a new el enents inserted. As w ||
be dis- cussed wth respect to the remaining draw ngs, the design of this
systemfacilitates the use of larger channels in the flane extinguishing
el ements so that the need to rem)\ég&or di sassenbl e thisjéame arrestor to
al | ow cl eaning there g signifi tly d . ho in Figure 4,
t he di stingui shing agdecé.of t hi nven?:%réc%e f t4r9e mﬁ% or’é%/i ces is the

] VA |
36 - oment -

use of the turbul ence

44
22 . -
60" =
26 0 !
T 327
18'/ 56 5

54E\\\\i\\\\\\\\\
A" X

} 3 Y T

] ) 7
5) 84 52 84 50 54
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i nduci’pgy/devi-ces positioned between the el enents 60, 62, 64 and 66. The

't ur bulgffce i nduci ng device 84 conprises a plurality of surfaces which
rediregt or irwonarggiest he flow of the flame front froman ups nt
60 i nffo a down- steamelenent 64 in the direction of flow 26}%@%?&&%%
66 has a plurality of channels defined by the crinped netal ribbon 86 as

| ocat ed between waps 88 and 90. These ghannel s which extend in the

| ongi tudi nal. direction parallel to arrow 26 effect the transfer of heat
fromthe flame front into the el enments which are nmade of a heat conductive
metal such as copper, alum num stainless steel, steel alloys and the |ike.
The channels 92 arfel®@5.a hydraulic di £3€ i cPffect a sufficient

redi stribution of fl ow+e—opt 0 ' T ey
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-FLAME..

FIELD OF THE INVENTION

" This invention relates to flame arrestor apparatus
particularly useful for extinguishing any type of
travelling deflagration flame or detonation flame.
BACKGROUND OF THE INVENTION '

A flame-arrestor'apparatus, usually comprises flame
extihguishing elements which have very small diameter,
typically less than 0.040 inch diameter channels that
permit gas flow but prevent flame transmission by
quenching o:'extinguishing combustion. This results from
the transfer of heat (enthalpy) from the flame (high
temperature) to the solid matrix of channels (low
temperature) which effectively provide a substantial heat
sink. |

The quenching process is based on the drastic
temperature difference between the flame and channel
matrix material. As such, this is a transport process
that not only depends on the temperature gradient, but
also on the channel hydraulic diameter and the thermal
conduction (diffusivity) properties of the gas.

The rate of heat loss from the flame is
significantly affected by the level of turbulence'within
the flame arrestor channel. The turbulence is associatéd
with the flow of unburnt gas through the flame arrestor
‘as instigated by the pressure rise that accompanies a
flame front to the element. The flame induced flow is
always in the same direction as the impinging flame
travel. The pressure rise can range from a small

fraction to more than 100 times the initial (pre-
ignition) absolute pressure in the system.
Two of the most common types of flame arrestor
. elements are the crimped ribbon type such as described in
U.S. patent 4,909,730 and the parallel plate type as
described in Canadian patent 1,057,187. The major '
advantage of these constructions is that it is possible

Tro753Lt s
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The channels 92 are of a length which nornmally causes lamnar flow to
result in the flame front as it flows through the I ength of the channel.
The turbul ence inducing devices 84 by redirecting or interrupting the flow
of the travelling flane front cause turbul ence, as indicated by eddy
currents 94 to be induced in the flanme froRt before entering the next ele-

ment 64. In this way the boupdary, | ayer thickness of the |am nar_fl ow ng
flame front ast?tRuEldtd dPEHERtWEER|id FRHREN 13798 RRFFREITYURE1PREM | y

reduced bef or ef bW edir e p&e wekt CresendetOionhALre mgintd mingy the heat
transfer capabilities enent s _and Rp ane extinction. Quite

surprisingly, PreeiRs b‘géig##]%hﬁ T?@El%?st he @%m%t% f‘lﬁ“ﬁe‘ée“mﬁxb‘fﬁ'éﬁce
i nduci ng el enchecause i £lane aeressary aoe peitenicused combimsta blatidms t he
ot on THEFE Y Eref Vo REL gF 465 iis b0\ oflaimy e 0L o2use
t he turbul enceP3¢IRTSRS R | @R sERR FYFeeB: gt §i bR rFererRt 1Y runderstaeod
conpared to priwdt aéven WH&LEE défatfos ih Céharine [ ayikdits {6 "éan
compromise flame arrestor performance. These can be
referred to as straight path flame arrestors because the
gas flow takes a straight path from the channel entrance’
to the exit. _

A major disadvantage of the straight path units is
that they do not extract heat from the flame very
efficiently. One method commonly used by designers to
overcome the low heat transfer efficiency of straight
path units is to further reduce the hydraulic diameter of
the straight path channels. This is intended to increase
heat transfer efficiency by increasing the lateral area

- of heat loss per unit volume of flame front. However,
the diameter reduction further increases the tendency. for
laminar flow which in turn further reduces heat transfer.
The channels of reduced diameter also become clogged and
fouled by liquids or particles that are usually present
in the systemn. ‘

Another method frequently used to overcome the low
heat transfer efficiency of straight channels is to
design an element consisting entirely of tortuous path
channels. Examples of these include, stacked expanded
metal or wire mesh, sintered metal or ceramic, packed
beads and steel wood plug. The disadvantages of tortuous
path elements is that they clog readily, are difficult to
clean, and they have unacceptably high flow pressure
drops, resulting in the need for excessively large
element flow cross sections.

There are séveral,examples of these types of
systems, as given in prior patents. Examples of wire
mesh systems are described in U.S. patent 1,701,805 and
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crinped netal flane extinguishing el ements. Wth reference to Figure 5
the positioning of the turbul ence inducing elenent 84 is shown. Preferably,
the elenment 84 is of sufficient strength so that it nay be wedged between

t he downstream edge portion 96 of elenent 60 and the upstream edge portion
98 of the downstream el enent 64. The turbuBence inducing device 84 has
effectively opposite edge portions 100 and 102 which contact edges 96 and
98 to | ocate tGenadianecpatenndép6s?%2on Theawiratmesh elementneospuiseshe

el enents 60 ang ﬁfnﬁi’ﬂiyﬂ?? Qé.fafatwﬁécﬂafuacewﬁaagtx eialggoe}gnganes 104

whi ch obstruct, t | ow 0of gases in the dlrec tion of _arrow rough
channel 92 of E$E%EH?P%?rrnt3tEﬂ5nﬁ%$ s o¥hirhdavelep Berhueusdpa

plified with' rﬁapeemet@aflﬂnbﬂ ﬁreswéhcﬁﬂbedlDﬁhﬁﬂnaalagepaﬁaﬁﬁslo4 causes

e S Oy YRR AL S LS NEL 2% ST BB

downst r eam beads, partlcles and the like which are also used in a
system described in U.S. patent 2,044,573.

A system which involves crimped ribbon and laminar
flow channels for the flame arrestor element are
described in U.S. patents 2,087,170; 2,789,238 and
3,287,094, | .

Other types of systems involve nesting of plates,
such as described in U.S. patents 1,826,487; 1,960,043;
2,068,421; 2,186,752; 2,618,539; 2,758,018 and 3,903,646.
In these flame arrestors the plates are nested in a
manner to provide flame extiﬁguishing properties by
transfer of heat from the flame front to the flame
arrestor element. _

As noted, the difficulty with these flame arrestor
systems is that the channels through which the flame
front flows causes a laminar flow in the flame front.
This is detrimental from the standpoint of arresting high
pressure flames, particularly detonations. It has been
found however that in order to ensure extinction of the
detonation type of flame, additional modifications must
be made to the arrestor having a wire mesh plate or
crimped metal design. 1In U.S. patent 4,909,730 a
detonation attenuating device is positioned upstream of
the flame quenching elements. Testing has demonstrated.
that the presence ‘'of the cup-shaped detonation
attenuating device to attenuate impinging shock waves due
to detonation significantly improves the overall
performance of the flame arrestor having the standard
type of crimped metal heat transfer flame arresting
elements. However, the use of the detonation attenuator
cup causes significant flow restrictions in the gas
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side'of the channel 92 of the downstream el ement 64. The turbul ence

I nduci ng device 84, having the sloping vanes 104, may be constructed in a
vari ety of shapes and manners. For exanple, expanded netal is a preferred
way of producing the turbul ence inducing device 84 as shown in Figure 6.
Expanded nmetal conprises crisscrossing el ehents 106 and 108. The expanded
metal if formed by piercing nmetal sheet to formparallel offset cuts and

t hen drawi ng QARSI sEStam angr pompd icatasg maufacivre @feiegs 110. In
the process ofgedrimd.ng the netal sheet apart the crisscross nmenbers 106 and

108 can be sloped i he manner_ sho in Figure 5.to provide the sl oping
vane surfaces 104. & éhﬁﬁ?“ﬂ%%ﬁﬁ&Pst VﬁrPﬁ@%ng°3P .wﬁﬁﬁ g, arrest
denonstrat ed fillamer fypatts tof Ehgudes lagratibn ior detamatdonattgthet, hatoh her

YRS - DU Bt G QB LA UHER LS oo
significant back pressure. Designs which enhance heat
transfer of the flame front to the arresting element have
the overriding flow limiting factor of small diameter
channels which induce laminar flow and hence, reduce the
effectiveness of heat transfer from the flame front to
the elements due to the boundary layer effect of the
laminar flow through the small diameter channels of the
element. There therefore continues to be a need for a
flame arresting device which can extinguish all types of
travelling flames ranging from deflagration types throggh

- to the very high pressure detonation types without overly
restricting normal gas flows through the arrestor.
suMA OF THE INVENTION |
The apparatus according to this invention
incorporates special elements which enable normal designs
for arrestor elements to extinguish or quench the various
types of travelling flames ranging from low pressure
deflagration flames through to high pressure detonation
flames. |
According to an aspect of the invention, an
apparatus is provided for'extinguishing a flame
'.travelling along a pipe where the travelling flame is
characterized as any type of deflagration flame or
detonation flame. The apparatus comprises:

i) a housing with an inlet and an outlet and means
for connecting the inlet and the outlet in a pipe,
ii) a flame extinguishing device,
iii) means for securing the device in the housing,
iv) the device including a plurality of serially

arranged elements, each element having a plurality of
longitudinally extending channels,
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tive enbodi ments for the elenments may be in the formof devices of Figure 7
and 8. In Figure 7 a wire nesh 112 is pro- vided having crisscross wires
114 and 116. The positioning the wire mesh and its sizing is such to
obstruct the flow of the flame front fromthe upstreamelenent to the
downstream el ement so that in accordance wbth the action provided by the

el ement 84 of Figure 5 turbulence is induced in the flanme front before
entering the chanrél s 92means heoxokpducingabvePekence Hanflew|9f fiame

Figure 8, a pegfhpsadiedeips o fendSts s PR VEELBuTENESJiR@EE DGt h&ss 18O hgr Med
therein. The crisscross_nature of éhe glate 122 nten&ﬁgts,the f|ﬁm10f
gases from oncPRFEhEPRE PehesR @diacent o1 meRty, i haViRE FRFHRFSS

di scussed w t hf s spmdicing Fturihelert afilow inrPlLamecexisingdan edpstiréam
flame front be t [ e = _pel s, of ane.
arresting eIeﬁ%ﬁ%ﬁéﬁ@ é%é ﬁéfgé€r%§?%€%%8t%a?gYﬁ%pg?gﬁﬁ%f%$gﬁﬁgééarticular
enbodi nent s shemikanee Fthereky cheat strrBsfer civemnat travell inghfilame

into the elements, '

vi) ' the device having a sufficient number of
elements to extinguish any type of flame travellihg along
a pipe in which the apparatus is connected, and .

vii) -means for sealing the elements to the housing
to direct flame flow solely through the elements and the
turbulence inducing means. '
BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention are shown in
the drawings, wherein |

Figure 1 schematically shows a flame arrestor within
a vent pipe for an oil tank,

Figure 2 is a section through the flame arrestor of
Figure 1, ' ' .
Figure 3, which accompanies Figure 1, shows the

stacked elements in accordance with the preferred
embodiment of this invention,

| Figure 4, which accompanies Figure 2, is an exploded
view of the turbulence inducing device positioned between
two flame arrestor elements, | _

Figure 5 is an exploded view of adjacent elements
with the turbulence inducing device positioned
therebetween, '

Figure 6, 7 and 8 are enlarged views of various
types of turbulence inducing devices, and

Figures 9, 10 and 11, which accopanies Figure 5, are
enlarged views of alternative forms of flame arresting
elements.

D ED DESCRIPTIONS OF THE EFERRED EMBODIMENTS

It is appreciated that flame arrestors or, in more'

general terms, apparatus for extinguishing or'quenching
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maxi rum interruption in the flow pattern of the flame front from one
elenment to the next is provided without significantly reducing flow rate or
significantiy increasing back pressure. It is appreciated that the.
flame extinguishing elenments of Figure 3 nmay have differing designs such as
t hose shown in Figures 9, 10 and 11. In Fi@ure 10 a tube bundle 124 is
provi ded whi ch_conprises individual tubes 126 having the necessary

hydraul i ¢ di anEt¥ResSt AER 1eRed finR VX9t | oh. 2Bphicakigns yi suckh has

paral | el 125% edéi@dxhﬁﬁl:éﬁ&l 0:3% ZFmJé Ecidiiéiﬁﬁeidsrydiﬂttgbﬁ?fi@fetefsgléﬁé nedrpy the
in et ween tes a | S_SUcC 0 e ec e a

el oo) ML EaPe B Tritatia et rige | D FeplShentioons OF the

i ntersecting fuses 188 Wike chHlaied | axerestoox hafh neth Bs 1ivent bonli NngAt Stotigde t he

cloment 136, |{ake #90RSE1 QR0 Himd RS0 AESLENGIBY PETRIE PloRABILY! S

ot her than netal, such as as- tic, cer ass IS
under st ood t ha¥2$9% ha$neR (YRRK (RIRRII ke t hED fEheenoEmal jpanger esthe hvenbne

second. pipe 12 has a flare 14 for burning the off gases. The
common problem with this arrangement is that the flare 14
may develop an flame front which flows back through the
pipe 12 into the tank 10 causing an explosion within the -
tank. The purpose of the flame arrestor 16 is to prevent
travel of that flame front through the pipe 12 and into
the tank. As shown in more detail in Figure 2, the flame
arrestor 16 has an inlet 18 and an outlet 20. The inlet
has a coupling flange 22 and as well the outlet has a '
coupling flange 24 to facilitate in the normal manner
coupling of the flame arrestor to the pipe in which
flames are to be arrested. It is apparent however from
the section of Figure 2 and from the following discussion
of various embodiments of the invention that the flame
arrestor is bi-directional so that the inlets and outlets
for the arrestor can be reversed. However, in order to
facilitate discussion of the unit, the iﬁlets and outlets
will be referred to on the basis of it having been
positioned in a pipe to define the direction of flow
being that of arrows of 26 and 28.

on the inlet side of the flame arrestor is a chamber

30 which has a cross-sectional area approximating the
entrance 32 to the flame arresting device, generally
designated 34. The inlet chamber 30 is defined by a
diverging cowling 36 which is of sufficient structural
strength to resist failure in the event of the very high
pressure detonation flame fronts. The flame
extinguishing device 34 is housed in a cylindrical sleeve
38. The cylindrical sleeve 38 has an inner surface 40
which abuts the periphery of the flame extinguishing
elements to act as a seal relative to the inlet chamber
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During this relatively short interval, the elements do not heat up to a
tenperature which can cause damage to them This nmass of the el enents and
their relative very |low tenperature prevents overheating of the el enents.

Al though not wi shing to be bound by any particular theory with respect to
the surprising inproved performance of thid type of flame arresting device,
it is thought that with the prior art devices the hydraulic dianeter of the
channel s requi Pedtherebycensuxingcthat afldgpsrs: fapvAngnthrawght bes of

dﬁf ! aglr ati ?ﬂ fiames El@ﬁ})bad.eh&”}tﬁ@buﬁhg%éf fuaalef hi—'&‘%s]‘:tfiﬁgts -d%eb?i%&?*ei gége
channel s. is_]amn w devel ops ungdar ayer of u

whi ch significah?lﬁugae%eggegaﬁegpsPgﬁéﬁgoFgﬁggﬁrtﬁin?ﬁéF FEFUCRE FPame
front to the nthel sékeneit theheutbgtr 2qui r The ehthet.bnambese4Fnisurface
area to effect ext) QCLLan ; S | sfold.i.ncrease_in_l.eqg

ext ensi on of tﬁék?§§9n§& ?I%aggﬁgﬁngfssﬁggﬁt%%r%qu %ﬁa? gﬁggrﬁgﬁ}kghe

t ur bul ence i ndbesa§tdEbpcBEessurpEsofndekenakiannifinme Soonts.y Bagdr

thickness in tdReagiaeei Rddf battetr 8BU1ings 36 and 44 are provided with
collars 46 and 48. The collars 46 and 48 include
apertures 50 through which threaded rod 52 extends and is
secured by bolts 54. This clamps the sleeve 38 in
position to retain and secure the flame arresting device
34 in place. To ensure that the flame arresting device -
34 is not crushed between the inlet and outlet cowlings
and to also ensure that the elements are retained in
position. Element supports 56 and 58 at the inlet and |
the outlet are provided to prevent element blow out by

' advanding high pressure flame fronts. The supports are
sandwiched or wedged between the inlet and outlet
extinguishing 2lements 60 and 62 and the respective
collars 46 and 48. : _

The flame extinguishing device 34 according to this
particular embodiment comprises two individual ex-
tinggishing elements 60 and 62 at the respective end
portions for the device and two intermediate elements 64
and 66. It is appreciated however, that depending on
performance criteria,_there could be as few as two
elements or more than 3 or 4 elements. Each element
comprises a crimped ribbon metal foil of approximately
0.01 inches in thickness. The crimped metal ribbon is
wrapped about a solid mandrel 68. The crimped metal
portions, as shown in Figure 3 may be annular elements 70
layered one upon the other or may be spirally would about
the mandrel 68. Further details of the crimped metal
element Are described with respect to the enlarged view
of Figure 4. As shown in Figure 3, the outer
circumferential portions 72 of the elements are contacted
and encased by the inner surface 40 of the arrestor
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within the channels so that increased heat transfer is realized and quite
surprisingly to an extent which does not require any additional devices:
such as detonation attenuators in the unit to effect quenching of high
pressure detonation flane fronts. I'n view of this enhanced performance.
the flame extinguishing elenents used in ti8 flanme arrestor of this

i nvention. the device_can be designed with channel s having hydraulic

di aneters mhicﬁlﬁﬁ89ia&-foASnﬁPelghaﬁtaeéestabhe tushudance inducing or

aerodynamic disturbing devices 84 have a thickness
considerably less than the longitudinal length of each
element. The devices are normally less than 10% of each
element length and preferably have a thickness in the -
range of the hydraulic diameter of the element channels.
Also, as shown in Figure 3,'the element support 58 is a
ring 74 having an inner grid defined by cross members 76
and 78. The inner face 80 of the support member abuts
the outer edge of the respective element 62 in the manner
shown in Figure=2. Its outer pefiphery 82 is positiocned
within the sleeve 38 which houses the elements to provide
a self-contained cartridge. This self-contained feature
for the flame arrestor element provides for ready repair
and replacement of the flame arrestor element. The
threaded rods are removed which permit dropping from the
flame arrestor, the sleeve 38 along with the contained
elements. The unit can be simply replaced or the
elements knocked out from the sleeve and a new elements
inserted. As will be discussed with respect to the
remaining drawings, the design of this system facilitates
the use of larger channels in the flame extinéuishing
elements so that the need to remove or disassemble the
flame arrestor to allow cleaning thereof is 51gn1f1cantly
reduced. _

As shown in Figure 4, the distinguishing aspect of
this invention over the prior devices is the use of the
turbulence inducing devices positioned between the
elements 60, 62, 64 and 66. The turbulence inducing
device 84 comprises a plurality of surfaces which
redirect or interrupt the flow of the flame front from an
upstream element 60 into a downstream element 64 in the
direction of flow 26. The element 66 has a plurality of -
channels defined by the crimped metal ribbon 86 as
.1ocated between wraps 88 and 90. These channels which
extend in the longitudinal direction parallel to arrow 26
effect the transfer of heat from the flame front into the
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elements which are made of a heat conductive metal such
as cbpper, aluminum, stainless steel, steel alloys and
the like. The channels 92 are of a hydraulic diameter
which effect a sufficient redistribution of flow to
optimize on the heat transfer from the advancing flame -
front to the elements by providing maximum possible
surface area without overly restricting flow or
increasing back pressure at high flow rates. 1In
accordance with standard techniques the hydraulic
diameter for the channels 92 is proportional to the
cross-sectional area of the channel divided by the total
wetted perimeter of the channel. The specific formula
for a defined channel is understéod to be

channel hydraulic diameter = 4 x_cr ion hannel
: total wetted perimeter of channel

The channels 92.are of a length which normally causes
laminar flow to result in the flame front as it flows
through the length of the channel. The turbulence
inducing deviges"4 by redirecting or interrupting the
flow of the traveiiing flame front cause turbulence, as
indicated by eddy currents 94 to be induced in the flame
front before entering the next element 64. 1In this way
the boundary layer thickness of the laminar flowing flame
front as its exits element 60 is broken up or at least
drastically reduced before enterlng the next element to
. enhance significantly the heat transfer capabilities of
the elements and promote flame extinction. Quite.
surprisingly, it has been found that by the use of these:
turbulence inducing elements it is not necessary to
provide in combination with the crimped metal elements,
any other device to handle flame extinction caused by
detonation flame fronts. As will be demonstrated in the
following tests, the turbulence inducing devices provide -
significant superior results compared to prior art
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pressure drop characteristics despite their enhanced performance. This
permts the designing of the straight path sec- tion of the flane arrestor
el enents with acceptabl e channel hydraulic diameters which avoi ds cl oggi ng
and also facifi. tates cleaning as required. This type of elenment is easy
to construct in a formwhich is capable o¥0withstandi ng repeated high

pressure inpacts_of supersonic shock waves associated with detonation wave
or flame fron@8vifes; sap@syn PAEEEFRLAL, tRAY1IERE DRYANG GEiprppd metal

extingui shi ngeihnaeext IngGeShiAgcalehéhtshi s i nvention may be used with a
AT R SR L L LS ERrd s TR} BOFLRTORERY, 52 1"
exanpl e, nmet htmebupenpenéndudinghebemefihed4 nisnshownal sBrefprabiyt othe
Comorene. oo SfSfERhEhoSiE O BuEHILLOHL, phPatth i SREILEUGRYEe
may al so be usedged Bppveen the downstream edge portion 96 of element
60 and the upstream edge portion 98 of the downstrean
~element 64. The turbulence inducing device 84 has
effectively opposite edge portions 100 and 102 which
contact edges 96 and 98 to locate the device_84 and
position it and at the same time space the elements 60
and 64 apart. The element 84 has a plurality of sloped
vanes 104 which obstruct the flow of gases in the
direction of arrow 26 through channel 92 of element 62
into channel 92 of element 64. As already exemplified
with respect to Figure 4, such positioning of the vanes
104 causes eddy currents 94 to develop so that flow into
~channel 92 continues to be in a turbulent manner with
some flow straightening as the gases approach the
downstream side of the channel 92 of the downstream
element 64. '
The turbulence inducing device 84, having the
sloping vanes 104, may be constructed in a variety of
shapes and manners. For example, expanded metal is a
preferred way of producing the turbulence inducing device
84 as shown in Figure 6. Expénded metal comprises
crisscrossing elements 106 and 108. The expanded metal
if formed by piercing metal sheet to form parallel offset
cuts and then drawing the metal apart to form the
triangular shapéd openings 110. In the process of
drawing the metal sheet apart the crisscross members 106
and 108 can be sloped in the manner shown in Figure 5 to
provide the sloping vane surfaces 104.
In view of the principal of the invention
demonstrated with respect to Figures 4 and 5, it is
‘appreciated that other types of turbulent inducing
devices may be positioned between the upstream and

i
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cations for arresting flanes that include pure oxygen or oxygen enriched
air which can withstand high pressure detonation flane fronts associ at ed
wi th such conbustible m xtures. Tests have been conducted to denonstrate
the superior performance of the flame arresting apparatus according to
this invention. A standard test unit was used to determ ne pass or fail of
various flane arrestor designs. The test unit is constructed in accordance

with standard ddwietr&di eslgmentess i rE}xctteC&mﬁ:é{tmtjt\hé cémbod bnents yfoescri bed

SZCI |O|o|ng\.l\5t he ?’Eﬁ\ {u%erg?%lne arre{fSteS{n Hﬁi ﬁ‘eé% eUﬁ%E?UBf p€’o‘5‘§?§e? ed

si de. Althoughanded uniIniBiguref? ya dekoe ihesh hkl2, istprovided fhavingn
several referefcfisdSXdsSs Apfrdd PAL LA Als. thfhgeﬁ699t§8ﬁiﬂ§5t QrwiPé uni t

can be found in greater detajl in Canadlan St andar ds Assocl at ed st andard
2343 (revised BRFS ANGnEY BE2 M| 1S RICMEFR PRITTYCE THRe r Ehowi oS bR on
consi sts of 12¢1&nen £46nt eftdm Ofhed upstredm ¢Déhentt €6 tRe PeowPtr&an

element so that in accordance with the action provided by
the element 84 of Figure 5 turbulence is induced in the
flame front before entering the channels 92 of the
downstream element. isimilarly, with Figure 8, a
'perforated plate 118 is provided having perforations 120
formed therein. The crisscross nature of the plate 122
interrupts the flow of gases from one element to the next
so that in accord with the pfincipal discussed with
respéct to Figures 4 and 5 turbulence is induced in the.
flame front before entry into the channels of the
downstream flame arresting element.

It is appreciated that the sizing of the partlcular
embodiments shown in Figures 6 7 and 8 15 chosen to
ensure that maximum. 1nterruptlon in the flow pattern of

_the flame front from one element to the next is provided
without significantly reducing flow rate or 51gn1f1cantly
increasing back pressure.

It is appreciated that the flame extlngulshlng
elements of Figure 3 may have differing designs such as
those shown in Figures 9, 10 and 11. 1In Figure 10 a tube
bundle 124 is provided which comprises individual tubes
126 having the necessary hydraulic diameters to effect
flame extinction. Similarly, with the parallel plate
device 128 of Figure 10 the hydraulic diameter defined by
the spacing 130 between plates 132 and 134 is such to
effect the flame extinction.- The grid system 136 of
Figure 11 comprises normally, intersecting fins 138 which
define the channels 140 extending through the element
136. It is understood that these designs may be made of
materials other than metal, such as, plastic, ceramic,
glass and the like. It is understood that the time to
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plugs are installed at 1 foot intervals along the entire length in order to
permt variation of the conditions of flanme arrival at the flanme arrestor
face. In general, the arrival pressure increases with increasing distance
of ignition fromthe arres- tor. At the end furthest fromthe arrestor,
there is a three foot long flane accelera&gr to allow the generation of
detona- tions within the [imted test run-Up |length. A pressure transducer

is located ab Q. I £ 1Y hesla9hy Al fh%gg ' (Qﬁ{to
nonitor the fIarrng‘ drllg\;glsd{oér gsﬂs,ay?ée.la'.’rAl SO, q'alyf Irlae(r%'tls§ \}JEI’I %éigis?n t de'r nocoupl e

is at the samPupinatdds dedatively shontintenvaige the elgpents Giot ect ed
si ge, t;NO_ dj[f;rﬁ:ftegieé_l_ﬁﬁﬁiﬁaid)% wﬁge&&&&@gwgw dé&ﬂfd&@lts;eeliiaﬁﬁgvﬁzﬂ'lﬁﬁ fﬂd
and restricted_end. e open end, pi.pe i.s 3. m ge 0 i.le the
restricted end e iH4F FASH ﬁ%hpfe&])eqed%& \ﬁ’l(qlmq'ﬂ‘eff 'Fer?lﬂq(%ovrfe Mk

i nch) di anet erldw texfberatune prievents awerhedtinguif tid ademernts £ he end.
A flame detection tlﬁ%“@loﬁ: 'vﬁéﬂl%tdaléoe%e bound by any pa_rticular_

theory with respect to the surprising improved
performance of this type of flame arresting device, it is
thought that with the prior art devices the hydraulic’
diémeter of the channels required to effect extinction of
detonation flames and types of deflagration flames '
promoted laminar flow of the flame front through the
channels. This laminar.flow develops a boundary layer of
gas turbulence which significantly increases resistance
of heat transfer from the flame front to the metal
elements thereby requiring either increase in surface
area to effect flame extinction or a several fold
increase in iength extension of the laminar flow
channels. Contrary to that system, the turbulence
inducing devices of this invention minimize boundary
layer thickness in the advancing flame front within the
channels so that increased heat transfer is realized and
quite surprisingly to an extent which does not require
any additional devices such as detonation attenuators in
the unit to effect quenching of high pressure detonation
flame fronts. g '

d

In view of this enhanced performance, the flame
extinguishing elements used in the flame arrestor of this
invention, the device can be designed with channels
having hydraulic diameters which provide for more than
acceptable flow and pressure drop characteristics despite
their enhanced performance. This permits the designing
of the straight path section of the flame arrestqr
elements with acceptable channel hydraulic diameters
which avoids clogging and also facilitates cleaning as
required. This type of element is easy to construct in a
form which is capable of withstanding repeated high
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on the protected side in order to nonitor flane arrestor failure. As well,
a pressure transducer is used to nonitor pres- sures on the protected side.
The test procedure consists of purging the test systemwith a 4.2%
propane-air mxture, ignition and assessnent of flane arrestor performnce.
In the aforenentioned U. S. patent 4,909,730 a test systemsinilar to that
descri bed above was used in testing the flame arrestors which included

various types BFeSFRNRNTPRSEHnQT SURRFFORLCt RROGK cWRYes asEeRARTeq
attenuator cupwifh déconationwswaesi gnstlaméetirbhtss intefesaisg to note the

That  desi gn conareteractarE tnd 3oRi-hur. PAF cpXei SvmheRiay . Exehet oDR nes
wi thout the usacedrdance teititbthisupnvahbiohanap| béydsed| withli ameacietys
appr oxi mat el y &fOelsmég}]«gﬂqag&?ﬁée)uggtﬁpeuv%ﬂsd@;ﬁ ESfm8h @ 1.27 mm

(0.05 inch) crinped hel Tor ment  channgel s he concl usion in
testing that APRLiGACIORS Inyolke okhe i BYPiFfakealkane shydrocarbon

vapour mixture with air. For example, methane, propane
and ethane. The invention alsc applies to combustible
gases that are more difficult to extinguish such as
ethylene, acetylene, hydrogen, hydrogen sulfide and the
like. The apparatus may also be used in applications for
arresting flames that include pure oxygen or oxygen
enriched air which can withstand high pressure detonation
flame fronts associated with such combustible mixtures.
Tests have been conducted to demonstrate the superior
performance of the flame arresting apparatus according to
this invention. A standard test unit was used to
determine pass or fail of various flame arrestor designs.
The test unit is constructed in accordance with standard
flame arrestor testing techniques which is briefly
described as follows.

The flame arrestor test system is made up of three
sections: the run-up side, the test flame arrestor and
the protected side. Although the unit is briefly
described here, it can be found in several reference
texts and in particular, the new guidelines for the unit
can be found in greater detail in Canadian Standards
Associated standard 2343 (revised edition to be published
March 1993). The run-up section consists of 40 feet of 3
inch steel pipe. -Spark plugs are installed at 1 foot
intervals along the entire length in order to permit
variation of the conditions of flame arrival at the flame
arrestor face. 1In general, the arrival pressure
incféases with increasing distance of ignition from the
arrestor. At the end furthest from the arrestor, there
is a three foot long flame accelerator to allow the
generation of detonations within the limited test run-up
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it failed. In order to test the advantages and unexpected features of

this invention it is apparent that in the prior art devices the detonation

attenuator cup is required to provide a useful unit. W have therefore

conpared the performance of a flame arrestor design having the

extingui shing elenents 60, 62, 64 and 66 wt#hout the turbul ence I nduci ng

devi ces posi- |on§g thgrebetmeen nd |astead W art ,detonati on
Fon

or
attenuator cup~fB¥ dPFREPRBRt “HRANE Ecﬁreﬁﬁnﬁch ed: EhPBEnéelﬂf fiSt he
desi gn confi gufabmokhef aFrgster3inlethfilahiys. 1pabedérThe hypditoki thdi anet er

of the channel g etQErEbg ?Lésgﬁr&he Agsb, v ElQﬁ¥'08rﬁE§cﬁE%8H“at°r cup

wi t hout the tur%hﬁence I n evi ces was’the sane rau- lic
di aneter of théhéﬁaﬁﬁéuﬁlﬁn1$hétetbﬁeﬁ@%eo@lsﬁéngesrghathvacterﬂhﬁce with

this inventioninJbe £hangearrestor elenments had the follow ng

On the protected side, two different explosion
venting conditions can be tested: open end and
restricted end. The open end pipe is 10 feet long while
the restricted end pipe is two feet long with a one half
inch diameter by 6 inch long vent nipple attached to the
end. A flame detection thermocouple is installed on the
protected side in order to monitor flame arrestor
failure. As well, a pressure transducer is used to
monitor pressures on the protected side. The test
procedure consists of purging the test system with a 4.2%
propane-air mixture, ignition and assessment of flame
arrestor performance.

In the aforementioned U.S. patent 4,909,730 a test
system similar to that described above was used in
testing the flame arrestors which included various types
of element designs as well as the use of a detonation
attenuator cup. Of the various designs tested it is
interesting to note the results of tests on the element
design of Figure 16 of that U.S. patent. That design
consists of a plurality of individual elements stacked
together without the use of an attenuator cup. The
channel hydraulic diameter was approximately 0.04 inches
which involved the use of a 0.05 inch crimped height for
the element channels. The conclusion in testing that
unit was that for detonation flame fronts, it failed.

In order to test the advantages and unexpected
features of this invention it is apparent that in the
prior art devices the detonation attenuator cup is
required to provide a useful unit. We have therefore
compared the performance of a flame arrestor design
having the extinguishing elements 60, 62, 64 and 66
without the turbulence inducing devices positioned
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characteristics: 1) the crinped height of the channel was 1.78 nm
(0.070 inches). 2) each el enent was approximately 50.8 mm (2 i nches)
t hi ck 3) each elenment had a dianeter of,241.3 mm (9.5 inches). 4)
the hydraulic dianeter of the channels was U055 i nches which is 38%

greater than t U LA G UATLEL ol yich PR IES,O-tnghEhLeLRi
foil in the criafjpmhustat cipneeditiened timcEknest o0f the edegents An25 nmm
(0.01 inCheS)'acccardance with the design configuration of Figure 3 of

~ -that U.S. patent. The hydraulic diameter of the channels
in the elements of the test unit having the attenuator
cup without the turbulence inducing devices was the same
as the hydraulic diameter of the channels in the elements
of the design in accordance with this invention. The

flame arrestor elements had the following

characteristics: .
1) the crimped height of the channel wag(0.070
inches), '

2) each element was approxxmatelv 2 lnches)thlck,

3) each element had a diameter of(9 5 inches)

4) the hydraulic diameter of the channels was
0.055 inches which is 38% greater than the
hydraulic diameter ofqo.04 inches) for the
elements of the aforementioned U.S. patent
4,909,730, and .

5) the metal foil in the crimped metal element has
a thickness in the range of((0.01 inches)

Based on the above test conditions and design
criteria the results are set out in Table 1 where column
A is the Run-up Distance to the attenuator, that is, the
distance of ignition of the gas in front of the arrestor.
Columns B and C relate to the prior art device having the
detonation attenuator cup and Columns D and E relate to
‘the subject invention. 1In columns B and D the pressure
upstream of the attenuator is measured by the pressure
transducer and given in PSIG.
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Based on the above test conditions and design criteria the results are set
out in Table 1 where colum A is the Run- up Distance to the attenuator,
that is. the distance of ignition of the gas in front of the arrestor.
Colums B and C relate to the prior gFt devi ce having the detonation
attenuator cup and Colums 0 and E rePate to the subject invention. In col-
ums B and D the pressure upstream of the attenuator is neasured by the

pressure transducer and given in PSIG
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17

In all situations of advancing flame type, whether
it be low pressure deflagration or high pressure
detdnation, the device of Figure 4 performed extremely
well and passed in each instance, whereas the flame
arresting device common to the prior art failed on
several occasions.

The prior art system used a channel hydraulic
diameter of 0.04 inches. The flame arrestor according to
this invention performed successfully even though the
hydraulic diameter of the crimp channels was increased to
0.055 inches (38% greater) and a 90% increase in channel
hydraulic area. As a result, the subject invention
permits the flame arrestor to perform successfully with
Significantly greater channel hydraulic diameter. This
design reduces clogging of the elements and reduces the
pressure drop of the crimped ribbon elements by about
30%. As previously noted, egquivalent relative benefits
can be realized for flame arrestor applications with
smaller hydraulic diameters for use with systems
involving more flammable gases such as acetylene,
hydrogen, ethylene, hydrogen sulphide and the like. For
such very flammable gases, the hydraulic diameter may be
as low as 0.005 inches which is still larger than what
would be required in prior art devices. It is also

-~ understood that in some applications with less flammable
gases, - the hydraulic diameter may be greater than 0.05
inches up to approximately 0.10 inches.

This invention provides a more readily constructed
apparatus for extinguishing travelling flames with a
minimum number of components yet covers most applications
and can withstand repeated high pressure detonations.

Although preferred embodiments of the invention are
described herein in detail, it will be understood by
those skilled in the art that variations may be made
thereto without departing from the spirit of the
invention or the scope of the appended claims.
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TABLE 1

A
'gUBJ ECT | NVENEI ON Runup Di stance ft. Ilu!ummlmwm]ul IIII |

Pass/Fail Pressure (PSIGQ Pass/ Fai
WE CLAIM:

1. An apparatus for extinguishing a flame travelling
along a pipe where the travelling flame is characterized
as any type of deflagration flame or detonation flame,
said apparatus comprising:

1) a housing with an inlet and an outlet and means
for connecting said inlet and said outlet in a pipe,
ii) a flame extinguishing device,
iii) means for securing said device in said housing,
iv) said device including a plurality of serially

arranged elements, each element having a plurality of
longitudinally extending channels,

v) means for inducing turbulence in flow of flame
through said elements, said turbulence inducing means
being positioned between adjacent elements and having
surfaces for inducing turbulent flow in flame exiting an
upstream element before entering a downstream element to
enhance thereby heat transfer from a travelling flame
into said elements,

vi) said device having a sufficient number of said
elements to extinguish any type of flame travelling along
a pipe in which said apparatus is connected, and

vii) means for sealing said elements to said housing
to direct flame flow solely through said elements and
said turbulence inducing means.

2. An apparatus of claim 1 whereinfsaid surfaces of
said turbulence inducing means are adapted to disrupt
flame flow exiting from said upstream element to an
adjacent said downstream element.

3. An apparatus of claim 1 wherein said turbulence
inducing means is a rigid component abutting adjacent
elements to space apart said elements, said component
having a thickness which is less than 10% of a
longitudinal length dimension of said element.
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4. 5 An apparatu?asf claim 1 whefBein said tuPbuience
lgéﬁglng means 1Eg§2r1g1d comaggent abutt1§§:§djacent
elements, said surfaces of said component obstructing
direct flame flow from channels of said upstream element
into channels of said downstream element to induce
thereby turbulence in flame flow entering said downstream
element. '

5. An apparatus of claim 4 wherein said component
comprises a plurality of angled vanes. '

6. An apparatus of claim 4 wherein said component is a
perforated plate.

7. An apparatus of claim 4 wherein said component
comprises a wire mesh.

8. An apparatus of claim 5, 6 or 7 wherein said element
is formed of crimped ribbon metal wrapped about a core in
a manner to define said longitudinal extending channels

having hydraulic diameters which effect flame extinction.

9. An apparatus of claim 5, 6 or 7 wherein'said element
is formed by parallel plates to define said longitudinal
channels having hydraulic widths which effect flame

~ extinction.

10. An apparatus of claim 5, 6 or 7 wherein said element
is formed by a bundle of parallel extending tubes, each
tube having a hydraulic diameter which effects flame
extinction.

11. An apparétus of claim 5, 6 or 7 wherein said element
is formed by a grid of intersecting plates to define said
channels which are rectangular in cross-section and have
a hydraulic cross-sectional dimension which effects flame
extinction.
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350 Fai | 75 :

s o (g
70 Pass 900 n o i al
50 Pass 806 Pass

1129 Fai | 20 250 Pass

1200 Fai | 1000 : Pass

¥25 An apparatias|of claim 5, ghpor 7 whereimskongitudinal
chagﬂgﬂs of said elé@hénts have an8%Pfective hydr&dtsc
dlameter which st?hlthe rangg of 0.005 1ngies to 0.10
inches.

13. An apparatus of claim 5 wherein said element is
formed of crimped ribbon metal wrapped about a core in a
manner to define said longitudinally extending channels
having hydraulic diameters which effect flam extinction,
said vanes of said component being defined by expanded
metal, said element and said components being circular
and having equivalent diameters, said sealing means
comprises a sleeve enveloping and contacting outer
circumferential portions of said elements to direct
thereby all flame flow from said inlet through said
elements.

14. Anhapparatus of claim 13 wherein said securing means
comprises a first support grid fixed against said element
at said inlet and a second support grid fixed against
said element at said outlet, said housing having means at
said inlet and said outlet for wedging said support grids
against said respective elements.
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In all situations of advancing flane.type; :ehther it be | ow pressure

defl agration or high pressure detohation,” the device of Figure 4 perforned
extrenely well and passed in each instance, whereas the flame arresting
device common to the prior art failed on several occasions. The prior

art systemused a channel hydraulic dianeter of 1.02 nm (0.04 inches). The
flame arrestor according to this invention performed successfully even

t hough the hydraulic dianmeter of the crinp channels was in¢reased to 1.4 mMm~
(0. 055 inche?%Ké38@6greater)‘and a 90% i ngrease in channel \h aul i c area.
As a result, .1subject | Lon per-

e
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mts the flame arrestor to performsuccessfully with significantly greater
channel hydraulic dianmeter. This design reduces clogging of the elenents
reduces the pressure drop of the crinped ribbon elenments by about 30% As
pre- viously noted, equivalent relative benefits can be realized for flane
arrestor applications with smaller hydraulic dianme- ters for use with
systens involving nore flammble gas such as acetyl ene, hydrogen,

et hyl ene, hydrogen sul phide and the |ike. For such very flamrabl e gases,
the hydraulic dianeter may be as low as 0.13 nm (0. 005 inches) which is
still larger than what would be required in prior art devices. It is also
understood that in sone applications with I ess flam nable gases, the
hydraul i c di aneter may be greater than 1,27 nm (0.05 inches) up to

approximately 2.54 mm (0.10 in gfs). This inventi é provides a nore
readily constr u‘i:tgi éxppar at us ex3'8ngr_:gi4sgi4'|g40 av I ng 1él anes with a
m ni mum 6. 2. ( ¢ 7 :h ;5
] VAR | . :
36 44
22 Z i B 24
) 607 _ 62
o 30 q A - 20
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nunber of conponents yet covers nost applications and can w thstand
repeat ed hi gh pressure detonations. Al t hough preferred enbodi nents of
the invention are described herein in detail, it will be understood by
those skilled in the art that variations nay be made thereto w thout

departing fromthe scope of the appended cl ai ns.
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i ) .a~housing (36, 38, 44) with an inlet (18) and an outlet (18) and means

(22. 24) for connecting said inlet and 'said outlet in a &Fpe
(12). ii) a flane extinguishing devi ce (34). neans
for securing (54) said device in said housing. iv) said device
(34) including a plurality of serially arranged el enents (60, 234, 128,
136), each el enent (60) havi n@la plurality of |ongitudinally
ext endi ng channels (92). characterized in that:

FLAME £ TOR APPARATU.

B T OF DI

Aulappanuusibréxﬁnguhhﬁu;aﬁhnu:UWwﬂﬁngzﬂongzlpﬁxzwmmnzﬂmzuawﬂﬁng
flame is characterized as any type of deflagration flame or detonation flame, comprises:
i) a housing with an inlet and an outlet and means for connecting the inlet and outlet to
a;ﬁpe,ﬁ)afﬁyneex&mgﬁﬂﬁngdbvkz,ﬁDxnammfbrﬁxuﬁngthedevkzinthehouﬁng,
iv) the device having a plurality of serially arranged elements, each element havi_ng a
pluraiity of longitudinally extending chaimels, v) a turbulence device pbsitioned between
adjacent elements and having surfaces for inducing turbulence in the flame flow through
the elements, vi) the ﬁousing s&lmg the elements in amanner to direct flame flow solely

through the elements and the turbulence inducing devices.

FIGURE 2.
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v) means ( REPEACEW gHEEd i ded for inducing turb'iul_:_:

through saild ssatq dur bu- | ence i:ng

18) being doditi adj acent el enents (60)..and

(104, 108, [116, fdyci ng turhul ent flow in f]ame ekl i s
entering a domnstreaﬁfeleﬁ%nﬂ 460 ¢ ﬁan.“

upstream elien

enhance thegreby heat transferf froma travglling flane into said el enents
(60). L“Wﬁ-sa'i-d—d'evi-te havi ng a SUffICI ent i nunbei‘ oT A gl ewﬁm;s

(60) to extinguish any type ofgAl QT prpe 2y

i n which sapéscagiaar at us (16) TS connec e, vii) nmeans for
seal ing (30) sald el ements (60) to said housing (34) to direct flane flow
sol el y throggip g IRVENTION ments (60) and said turbul ence inducing
means (84).

This inverttion ralates to lame arrestor apparatus particularty usatul for extinguishing any type of travelling dafla-
gratian flame or detonation flame.

BACKGROUND OF THE INVENTION

A flama arrestor apgaratus, us:.nllymnsesﬂamo axtinguishing slements which have very small diamater, typi.
cally less than 1 02mm(0040mdﬂdmnaerdﬂamdsmatpenmcﬁfbﬂummnmmbywm
ing or extinguishing combustion. msmummmmmamm(mm)mmeﬂam(mw.m
the solid matrix of channeis (low temperature) which effaively provide a substantial heat sinic.

The quenching process is based on the drastic temperature differenca between the flame and channel matrix
matarial. As suctt, Mmsanmponmocessmmmdepor&mmotmmmmmmmm
hydraulic diameter and the thermal conduction (diffusivity) properties of the gas.

Thae rata of heat loss fram the flame is significantly affected by thae level of turbulence within the flame arrestor chan-
nel. The urbulenca is associated with the flow of unburnt gas through the flame arestor as instigated by the pressure
rise that accamparnies a flame front 1o the slement. The flamae induced flow is always in the same direction as the
impinging flame travel. Theprmenseanrangcfmmasrmllﬂacnonbmem 100 imes the initiat (preignition)
absoiute pressure in the system.

Maﬂvpmo@hraﬂmmmm%smdbmmmaﬂmms
described in US-A-1838658S,

Two of the mast common types of flame arrestor eléments are the crimped ribbon type such as described in U.S.
patent 4,909,730 and the parallel plate type as described in Canadian patent 1.057,187. The major advantage of these
constructions is that it is possible o build a devica with a fairly large percantaga of open flow area per unit cross saction
whulemmmngprmedamddmmmnsmmwmmﬂmcmmmcﬂmmdmm
hﬁotswh«ehrgemhmesdgasmbev«mmmmdtmmmmltugenerallyuwustnod
that even small deviations in channel dimensions can compromise flame arrestor performanca. Thesa can be raferred
masmightpahﬂamearrestcrsbmmegasﬂwﬂmammmmmmamnmcm

A major disadvantage cf the straight path units is that they do not extract heat from the flame vey efficiently. One
mathod commonly used by designers to overcome the low heat ransfer efficiency of straight path units is to further
reduce the hydraufic diameter of the straight path channels. This is intended t increase heat transfer efficiency by
incraasing the lateral area of heat loss per unit volume of flame front. However, the diameter reduction further incraases
the tendency for laminar flow which in tum further reduces heat transfer. The channaeis of reduced diameter also
become clogged and fouled by liquids or particles that are usually present in the systam.

Anmhermetodfrequmﬂymadmmmmnmabwhmmafnmcydmm:ndaman
elemant consisting entirely of tortuous path channels. Examples of these inciude, stacked expanded matal or wire
mesh, sintered metal or caramic, packed beads and stael wood piug. The disadvantages of tortuous path elements is
that they clog readily, are difficuit o clean, and they have unaccaptably higit flow pressura drops, resulting i the need
for excessively large alement flow cross sections. .

There are several examples of thesa types of systems, as given in prior patents. Examples of wira mesh systems
are descrited in U.S. patent 1,701,805 and Canadian patent 666,952. The wira mesh element cormprises a plurality of
layers which function as a flame flow interrupter. Other systems which deveiop tortucus paths for the- gas flow are
described in Canadian patents 565,942 and 709.337. Such tortucus paths are pravidedt by beads, particies and the like
which are aisc used in a system described in U.S. patent 2.044,573.

A systam which invoives crimped ribbon and laminar flow channels for the flame arrestor element are described in
U.S. patents 2,087,170; 2,789,238 and 3.287,094.

Other types of systems involve nesting of plates, such as described in U.S. patents 1.826.487; 1,560,043;
2,068,421; 2,186,752 2.618,539; 2,758,018 and 3,903,5646. in these flamae arrestors the plates are nested in a manner
to provide flame extinguishing properties by transfer of heat from the flamae frant 1o the flame arestor alement.

As noted, the difficuity with thesa flame arrestor systems is that the channeis through which the flame front flows
causes a faminar flow in the flame front. This is detrimental from the standpaint of arrvaesting high prassure flames, par-
ticularly detanations. it has baen found however that in order to ansure axtinction of the detonation type of flame, addi-
tional modifications must be made to the arrestor having a wire mesh plate or crimped metal design. in U.S. patent
4.909,730 a datonation attenuating device is positioned upstream af the flame quenching elements. Tasting has dem-
onstrated that the presencs of the cup-shaped detonation attenuating devica (o attenuate irpinging shock waves due
to detanation significantly improves the overalt performancae of the flamae awestor having the standard type of crimped



2. An appar at REPLACEI\ENW ﬂ‘Wﬂei n said surfaces (104, 108, 116,' 122) of sai d

tur bul’ence i cing neans (84,112, 118) are adapted to disrupt flanme

fl*ow exiting fr

el e-

h el emrent (60) to an adj acent said downstream
aratus of claim1l wherein said turbul ence

I nduci ng neans i{s a rigid2conponent abutting adja- cent
el ements to space apartsad ellenments, said conponent having a thi ckness

resmcuons in tho gas exhausting systam and conpluatos manufacture of the device.

Although systems have been provided which can arrest flame fronts of the deflagration or detonation type, such
systems require the usa of alement designs which develop significant back pressure. Designs which enhance heat
transfer of the flame front to the aresting element have the overriding flow limiting factor of small diameter channeis
which induce laminar flow and hence, reduca the effectiveness of heat transfer from the flame front to the elements cue
to the boundary layer effect of the laminar flow through the smail diameter channals of the element. There thaerefore
cantinues to be a need for a flame arresting device which can extinguish all types of travelling flames ranging from defla-
gration types through to the very high pressure detonation types without overly restricting normal gas flows through the

MA TH N

The apparatus according to this invention incorporates special elements which enable normal designs for arrestor
elements to wngmsherquenchmevamustypesoftavaﬂmfhmesmgmgmmmwaddlagmum flames
through to high pressure detonation flames.

According to an aspect of the invention, an apparatus is provided for extinguishing a flame travelling along a pipe
whara the travelling flame is characterized as any type of deflagration flame or detonation flame, the apparatus com-

prising:

')ahoasmgvmhamnletandanouﬂatandmeansbrcomocﬁngmemtetmmecuﬂetmapm

ii a flame extinguishing device,

iii) means for sacuring the devica in the housing,

iv) the device including a plurality of serially aranged elements, each element having a piurality of longmdmally
extendmg channels,

characterised lﬂﬂ‘lat‘

v) means is provided for inducing turbulenca in flow of flame through the elements, the turbulence inducing means
being positioned between adjacent elements and having surfaces for inducing turbulent flow in flame exiting an
upstream element and before entering a downstream element to enhance thereby heat transfer from a travelling -
flame into the elements,
w)thedevlcahavmqasuffiaentmmberofdemntstoexungushanytypeaﬂhrneh'aveﬂingalmgaptpeunwh:ch
the apparatus is connected, and

vii) means for sealing the dmmnmehmnmbdm!hmeﬂwsaldymmmedmwmmmu
lencea inducing means.

i E I

Preferred embodiments of mé invention are shown in the drawings, wherein

Figure 1 schematically shows a flame arrestor within a vent pipe for an oif tanic,

Figura 2 is a section through the flame arrestor of Figure 1,

Figure 3, which accompanies Figure 1, shows the stacked elements in accordance with the preferred embodiment
of this invention,

Figura 4, which accompanies Figure 2, sanemlodedwewofmeub\ummmmedbstween
two flame arrestor elements,

Figure 5 is an exploded view of adjacent elements with the tutbulenca inducing device positioned merebelween
Figure 6, 7 and 8 ara enlargad views of various types of turbulence inducing devices, and

Figures 9, 10 and 11, which accopanies Figure S, are enlarged views of alternative forms of flame arresting ele-

Al RIPTIONS QF TH A DI

itis appreciated that flame arrestors or, in more general terms, apparatus for extinguishing or quenching flames,
are used in a variety of applications, such as demonstrated in the discussion of prior art systems. it is therefore intended
that Figure 1 reprasent one of the uses of the flame arrestor of this invention. A storage tank 10 for the flammable liquid
which produce flammable gases has a vent pipe 12. in the normal manner, the vent pipe 12 has a flare 14 for burning

’ the off gases. The common probiem with this arrangement is that the flare 14 may develop an flamae frant which flows



4. An appar
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erein said turbul ence inducing neans (84, 112,
afti ng adj a- cent elenents (60), said

®f said conmponent obstructing direct flane

) lof said upstream el enent into channels (92)
6Q) to induce thereby turbul ence in flane
elenent'(6 ). 5. An apparatus of claimi4
JﬁL JMEHH, npri ses a Pplfurality of angled vanes (104).

through the pipe lg lng:] e tHRGD @Jusmqsﬁl e%l&mﬁﬂg mhid 4—@,,.,},&, % ,p,%{i,,ﬁ,gg“%grq 6is

E prevent travel of that flame front through the pipe 12 and into the tanic As shown in mora detail in Figure 2, the flame
arrestor 16 has an iniet 18 and an outlet 20. Tha iniet has a coupling flange 22 and as well the outlet has a coupling
flange 24 to facilitate in the normal manner coupling of the flame arrestor to the pipa in which flames are to be arrested.
it is apparant however from the saction of Figure 2 and from the following discussion of various embodiments of the
invention that the flame arrestor is bi-cirectional so that the inlets and outiets for the arrestor can be reversad. However,
in order to facilitate discussion of the unit, the inlets and outiets will bereferredtoonthebasasoflthawnqbeenpoa
tioned in a pipe to define the direction of flow being that of arrows of 26 and 28.

On tha inlet side of the flame arrestor is a chamber 30 which has a cross-sectional area approximating the antrance
32 to the flame arresting device, generally designated 34. The inlet chamber 30 is defined by a diverging cowling 36
which is of sufficient structural strength to resist failure in the event of the very high pressure detonation flame fronts.
The flame extinguishing device 34 is housed in a cylindrical sleeve 38. The cylindrical sieeve 38 has an inner surface
40 which abuts the periphery of the flame extinguishing elements to act as a seal relative to the inlet chamber 30
thereby ensuring that ail gases tiowing through the iniet flow solely through the flame arresting devica 34. The outiet 20
has an cutiet chamber 42 which reduces to the size of the cutiet 20. The cutiet chamber 42 is defined by a cowiing 44
which is also of 2 material to resist the pressures of detonation flame fronts. Both the inlet and outlet cowlings 36 and
44 are provided with collars 46 and 48. The collars 46 and 48 include apertures S0 through which threaded rod 52
axtends and is secured by boits 54. This clamps the sleeve 38 in position to retain and secure the flame arresting device
34 in place. To ensura that the flame arresting device 34 is not crushed between the inlet and outlet cowlings and to
also ensure that the elements are retained in position. Element supports 56 and 58 at tha inlet and the outlet are pro-
vided to prevent element biow out by advancing high pressure flame fronts. The supports are sandwiched or wedged
betwaen the inlet and outiet extinguishing slements 60 and 62 and the respective coliars 46 and 48.

The flame extinguishing device 34 according to this particular embodiment comprises two individual extinguishing
elements 60 and 62 at the respective end portions for the device and two intermediate elements 84 and 66. it is appre-

R

“T108, 110, 122
- 26 AUGN9Y o
}

ean1e|enent

o

ciated however, that depending on performance criteria. there could be as few as two elements or more than 3 or 4 ele-

ments. Each element comprises a crimped ribbon metal foil of approximately 0,25 mm {0.01 inches) in thickness. The
crimped metal ribbon is wrapped about a solid mandrel 68. The crimped metal portions, as shown in Figure 3 may be
annular elements 70 layered one upon the other or may be spirally would about the mandrsl 68. Further details of the
crimped metal element are described with raspect to the enlarged view of Figure 4. As shown in Figure 3, the outer cir-

. cumterential portions 72 of the elements are contacted and encased by the inner surface 40 of the arrestor sleeve 38.

As is illustrated, the turbulencae inducing or aerodynamic disturbing devices 84 have a thickness considerably less than
the longitudinal length of each element. The devices are normally less than 10% of each element length and preferably
have a thickness in the range of the hydraulic diameter of the element channels. Also, as shown in Figure 3, the slement
support 58 is a ring 74 having an inner grid defined by cross members 76 and 78. The inner face 80 of the support mem-
ber abuts the outer adge of the respective element 62 in the manner shown in Figure 2. lts outer periphery 82 is posi-
tioned within the sleeve 38 which houses the elements to provide a seif-contained cartridge. This seif-contained feature
for the flame arrestor element provides for ready repair and replacement of the flame arestor element. The threaded

. rods ara removed which permit dropping from the flame arrestor, the sleeve 38 aiong with the contained elements. The

unit can be simply replaced or the elements knocked out from the sleeve and a new elements insarted. As willbe dis-
cussed with respect to the remaining drawings, the design of this system facilitates the usa of larger channels in the
flame extinguishing elements so that the need to remove or disassembie the flame arrestor to ailow cleaning theracf is

" gignificantly reduced.

As shown in Figure 4, the dtsungwshmg aspect of this invention over the prior devices is the use of the turbulence
inducing devices pesitioned between the elements §0, 62, 64 and 66. The turbulence inducing device 84 comprises a
plurality of surfaces which redirect or intarrupt the flow of the flame front from an upstream element 60 into a down-
stream element 64 in the direction of fiow 26. The element 66 has a plurality of channels defined by the crimped metal
ribbon 86 as located between wraps 88 and 90. These channels which axtend in the longitudinal direction parallel to
arrow 26 effect the transfer of heat from the flame front into the elemaents which are mada of a heat conductive metal
such as coppar, aluminum, stainless steel, stael alioys and the like. The channels 32 are of a hydraulic diameter which:
effect a sufficient redistribution of flow to optimize on the heat transfer from the advancing flame front to the slements
by providing maximum possible surface area without overly restricting flow or increasing back pressure at high flow
rates. In accardance with standard techniques the hydraulic diameter for the channels 92 is proportional to the cross-
sectional area of the channel divided by the total watted perimeter of the channel. The specific formula for a defined
channel is understood to be : :

4 x cross section area of channel
total waetted perimatar of channel

channel hydraulic diameter =
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wr apped about a core
bxt endi ng channel s (92) having hydraulic

9. An apparatus of claimb5, 6
is formed by parall el

(112) conprises a wire
7 wherein said el enent
in a manner

plates (133,134) to

ich lnermaityl caused BOnatiiqw torrgsUtynhelams Fortds tfipns BYpHIR e
ef f ect f | ierg obtéé énamriel The.turbulence inducing devices 84 by redirecting o interrupting the flow of the traveliing flame

front cause turbulence, as indicated by eddy currents 94 o be induced in the flame front before entering the naxt ele-
ment 64. In this way the boundary layer thickness of the laminar flowing flame front as its exits elament 50 is broken up
or at least drastically reducad before entering the next element to enhance significantly the heat transfer capabilities of
the elements and promote flame extinction. Quite surprisingly, it has been found that by the use af these turbulence
inducing elements it is not necessary to provide in combination with the crimped metal elements, any other device to
handle flame extinction caused by detonation flame fronts. As will be demonstrated in tha following tests, the turbulenca
inducing devices provide significant superior resuits compared to prior art devices, and in particular, devices having
crimped metal flame extinguishing elements.

With reference to Figure 5 the positioning of the turbulence inducing element 84 is shown. Preferably, the alement
a-tisofsuﬂiciemsmngmsomgnmybewadgedbemeenmedownswaam edge portion 96 of element 60 and the
upstream edge portion 98 of the downstream element 64. The turbulence inducing device 34 has effectively opposite
edge portions 100 and 102 which contact edges 96 and 98 to locate the device 84 and position it and at the same time
space the slements 60 and 64 apart. The element 84 has a plurality of sloped vanes 104 which obstruct the flow of
gases in the direction of arrow 26 through channel 92 of element 62 into channel 92 of element 64. As aiready exem-
plified with respect to Figure 4, such positioning of the vanes 104 causes eddy currents 94 to devaicp so that flow into
channel 92 continues to be in a turbulent manner with some flow straightening as the gases approach the downstream
side of the channel 92 of the downstream element 64.

The turbulenca inducing device 84, having the sioping vanes 104, may be constructed in a variety of shapes and
manners. For example, expanded metal is a preferred way of producing the turbulence inducing device 84 as shown in
Figure 6. Expanded metal comprises crisscrossing elements 106 and 108. The axpanded metal if formed by piercing
metal sheet to form parailel offset cuts and then drawing the metal apart to form the triangular shaped openings 110.
in the process of drawing the metai sheet apart the crisscross members 106 and 108 can be sloped in the manner
shown in Figure 5 to provide the sioping vane surfaces 104.

in view of the principal of the invention demonstrated with respect to Figures 4 and S. it is appreciated that other
. types of turbulent inducing devices may be positioned between the upstream and downstream elements. Such aiterna-
tive embodiments for the elements may be in the form of devices of Figure 7 and 8. In Figure 7 a wire mesh 112 is pro-
vided having crisscross wires 114 and 116. The positioning the wire mesh and its sizing is such to obstruct the flow of
the flame front from the upstream element to the downstream element so that in accordance with the action provided .
by the element 84 of Figure 5 turbulence is inducad in the flame front befora entering the channels 92 of the down-
stream alement. Similarly, with Figure 8, a perforated piate 118 is provided having perforations 120 formed therain. The
crisscross nature of the plate 122 interrupts the flow of gases from one element to the next so that in accord with the
principal discussed with respect to Figures 4 and S turbulence is induced in the flame front before entry into the chan-
nels of the downstream flame arresting elemient. '

It is appreciated that the sizing of the particular embodiments shown in Figures 8, 7 and 8 is chosan to ansure that
maximum interruption in the flow pattern of the flame front from one element to the nextis provided without significantly
reducing flow rate or significantly increasing back pressure.

It is appreciated that the flame extinguishing elements of Figure 3 may have differing designs such as those shown
in Figures 9, 10 and 11. In Figure 10 & tube bundle 124 is provided which comprises individual tubes 126 having the
necessary hydraulic diameters to effect flame extinction. Similarly, with the parallel plate device 128 of Figure 10 the
hydraulic diametar defined by the spacing 130 between piates 132 and 134 is such to effect the flame extinction. The
grid system 136 of Figure 11 comprises normally, intersecting fins 138 which define the channels 140 extending
. through the element 136. It is understood that these designs may be made of materials other than metal, such as, plas-
tic, ceramic, glass and the like. It is understood that the time to extinguish the flame is usually less than one second.
During this relatively short interval, the elements do not heat up to a temperature which can cause damage to them.
This mass of the elements and their relative very low temperature pravents overheating of the alements. )

Although not wishing to be bound by any particular theory with respect to the surprising improved performance of
this type of flame arresting devica, it is thought that with the prior art devices the hydraulic diameter of the channals
required to effect axtinction of detonation flames and types of deflagration flames promated laminar flow of the flame
front through the channels. This laminar flow deveiops a boundary iayer of gas turbulenca which significantly increases
resistance of heat transter from the flame front to the metal elements thereby requiring aither increasa in surface area
to effect flame axtinction or a several fold increase in length extension of the laminar flow channels. Contrary to that sys-
tem, the turbulence inducing devices of this invention minimize boundary layer thickness in the advancing flame front
within the channels so that increased heat transfer is realized and quite surprisingly to an extant which does not require
any additional devices such as detonation attenuators in the unit to affect quenching of high pressure detonation flame
fronts.

In view of this anhanced performance, the flame extinguishing elaments used in the flame arrestor of this invention,
the devica can be designed with channels having hydraulic diameters which provide for more than acceptable flow and
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pressure drop characteristics despite their anhanced performance. This permits the designing of the straight path sec-
tion of the flame arrestor elements with acceptable channel hydraulic diameters which avoids clogging and aiso faciii-
tates cleaning as raquired. This type of element s easy to construct in a form which ig capable of withstanding repeated
high pressure impacts of supersonic shock waves associated with detonation wave or flame fronts. Itis aiso understood
that the apparatus for extinguishing flames in accordance with this invention may be used with a variety of flammabla
gaseous mixturas. The most common applications invoive the typical alkane hydrocarbon vapour mixture with air. For
axample, methanae, propane and athane. The invention also applies to combustible gases that are more difficult 1o axtin-
guish such as ethylene, acstylene, hydrogen, hydrogen sulfide and the like. Theamammyalsabcusedmappn.

- cations for arresting flames that include pure axygen or axygen enriched air which can withstand high pressure
detonation flame fronts associated with such combustible mixtures. Tests have been conducted to demanstrate the
superior performance of the flame arresting apparatus according to this invention. A standard test unit was used to
determine pass or fail of various flame arrestor designs. The test unit is constructed in accordanca with standard flame
arrestor testing technigues which is briefly described as follows.

The flame arrestor test system is made up of three sections: the run-up side, the test flame arestor and the pro-
tected side. Although the unit is briefly described here, it can be found in several referenca texts and in particular, the
new guidelines for the unit can be found in greater detail in Canadian Standards Associated standard 2343 (revised edi-
tion to be published March 1993). The run-up section cansists of 12,19 m (40 feet) of 76,2 mm (3 inch) steel pipe. Spark
plugs are installed at 1 foot intervals along the entire langth in order to permit variation of the conditions of flame arrival
at the flame arrestor face. in general, the arrival pressure increases with increasing distance of ignition from the arres-

~ tor. At the end furthest from the arrestor, there is a three foot long flame accelerator to allow the generation of detona-
tions within the limitad test run-up length. A pressure transducer is located about 6 inches from the arrestor inlet flange
in order to monitor the flame arrival pressure. Also, a ﬂame verification thermoceupla is atthe same dxstanco relative to
the inlet flange.

On the protected side, twodtfferentapfoswnvenmgcondmanbemsted open end and rastricted end. The
open end pipe is 3.05 m (10 feet) long while the restricted end pipe is 0.61 m (two feet) long with a 12,7 mm (one half
inch) diameter by 158,75 mrm (6 inch) long vent nipple attached to the end. A flame detection thermocouple is installed
on the protected side in order to monitor flame arrestor failure. As well, a pressure transducer is used to monitor pras-
sures on the protected side. The test procedure consists of purging the test system with a 4.2% propane-air mixtura,
ignition and assessment of flame arrestor performanca.

In the aforementioned U.S. patent 4,909,730 a test system similar to that described above was used in testing the
flame arrestors which included various types of element designs as well as the use of a detonation attenuator cup. Of
the various designs tested it is interesting o note the results of tests on the element design of Figura 16 of that U.S. -
patent, That design consists of a plurality of individual elements stacked together without the use of an attenuator cup.
The channel hydraulic diameter was appraximately 1,02 mm {0.04 inches) which invoived the use of a 1,27 mm (0.0S
inch) crimped height for the element channels. The corclusion in testing that unit was that for detonation flame fronts,
it failed.

In order to test the advantages and unexpected features of this invention it is apparent that in the prior art devices
the detonation attenuator cup is required to provide a useful unit. We have therefore compared the performance of a-
flame arrestor design having the extinguishing elements 80, 62, 84 and 66 without the turbulence inducing devices posi-
tioned therebetween and instead with the prior art detonation attenuator cup positioned in front of the elements in
accordance with the design configuration of Figure 3 of that U.S. patent. The hydraulic diameter of the channels in the
elements of the test unit having the attenuator cup without the furbulence inducing devices was the same as the hydrau-
lic diameter of the channeis in the elements of the design in accordance with this invention. The flame arrestor slements
had the foilowing
characteristics: -

1) the crimped height of the channel was 1,78 mm (0.070 inches),

2) each element was approximately 50,8 mm (2 inches) thicik,

3) each elamaent had a diameter of 241,3 mm (9.5 inches),

4) the hydraulic diameter of the channels was 0.055 inches which is 38% greater than the hydraulic diameter of
1.02 mm (0.04 inches) for the elements of the aforamentioned U.S. patent 4,909,730, and

5) the metal foil in the crimped metal element has a thickness in the range of 0,25 mm (0.01 inches).

Based on the above test conditions and design criteria the results are set outin Table 1 where column A is the Run-
up Distance to the attenuator, that is, the distanca of ignition of the gas in front of the arrestor. Columns B and C ralate
to the prior art device having the detonation attenuator cup and Columns D and E relate to the subject invention. In col-
umns B and D the pressura upstream of the attenuator is measured by the pressura transducer and given in PSIG.
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TABLE 1
A 8 c D E
PRIOR ART SUBJECT INVENTION
Runup Distance ft. | Pressure (PSIG) | Pass/Fail | Pressure (PSIG) | Pass/Fail

1 8.7 Fail 2 Pass
1 33 Fail 3 Pass
1 15 Fail 53 Pass
2 .09 Pass 6 " Pass
4 ] Pass .78 Pass
4 6.7 Pass -] Pass
10 5 Pass 6 Pass
18 26 Pass 20 Pass
18 263 Pass 15 Pass
23 350 Fail 75 Pass

23 - 0 Pass 20 Pass
24 70 Pass 900 Pass i
24 50 Pass 806 Pass "
25 1129 Fail 250 Pass
25 1200 Fail 1000 Pass
25 725 Fail 900 Pass
25 - 2000 Fail 800 Pass
29 2000 Fail - 500 Pass

In ail situations of advancing flame type, whether it be low pressure deflagration or high pressure detonation, the
device of Figure 4 performed extremely well and passed in each instance, whereas the flame arresting device common
to the prior art failed on several oceasions.

The prior art system used a channel hydraufic diameter of 1,02 mm (0.04 inches). The flame arrestor according to
this invention performed successiully even though the hydraulic diameter of the crimp chamnels was increased to 1,4
mm (0.055 inches) (38% greater) and a 90% increase in channel hydraulic area. As a result, the subject invention per-
mits the flame arrestor to perform successfully with signficantly greater channel hydraulic diameter. This design
reduces clogging of the elements and reduces the pressure drop of the crimped ribbon elements by about 30%. As pre-
viously noted, equivalent relative benefits can be realized for flame arrestor applications with smaller hydraulic diame-
ters for use with systams involving more flammable gases such as acetylene, hydrogen, ethylene, hydrogen sulphide
and the like. For such very flammable gases. the hydraulic diameter may be as low as 0,13 mm (0.00S inches) which is
still larger than what would be required in prior art devices. It is also understood that in some applications with less flam-
r::hbiega'ses. the hydraulic diameter may be greater than 1,27 mm (0.05 inches) up to approximately 2,54 mm (0.10
inches).

This invention provides a more readily constructed apparatus for extinguishing travelling flames with a minimum
number of components yet covers most applications and can withstand repeated high pressure detonations.

Although preferred embodiments of the invention are described herein in detail, it will be understood by those
sldlled in the art that variations may be made thereto without departing from the scope of the appended claims.
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i} a hausing (36. 38, 44) wnh an inlet (18) and an cutlet (18) and means (22, 24) for connecting said iniet and
said outiet in a pipe (12},

i) a flame extinguishing devica (34),

ili) means for securing (54) said devica in said housing,

iv) said devica (34) including a piurality ot serially arranged elements (60, 234, 128, 136), each elemant (80)
having a plurality of longitudinally exterding channeis (92).

characterized in that:

v) means (84, 112, 118) is provided for inducing turbulence in flow of flame through said elements, said turby-
lence inducing means (84, 112, 1) being positioned between adjacant elements (60) and having surfaces
(104, 108, 116, 122) hrmdumgtnbdemﬂmmﬂamembnqanmmdm(m)bmnmﬂnga
downstraam slement (60) o enhance theraby heat transfer from & travelling flame into said elaments (80),
W)saddmcshawngawﬁumnunt«ofmdmm(eo)bmwmdmmm
a pipe (12) in which said apparatus (16) is connected, and

vil} means for sealing (30) said elements (S0) to said housing (34) to direct flame flow solely through said ele-
ments (50) and said urbulenca inducing means (84).

2. An apparatus of claim 1 wherem said surfaces (104, 108, 116, 122) of said turbulence inducing means (84, 112,
118) are adapted to disrupt flama flow axiting from said upstream element (60) 1o an acjacent said downstream ale-
ment (60).

3. Anapparatus of claim 1 wherein said turbulence inducing means (94, 112, 118) is a rigid component abutting acja-
candemernstospaceapartsanddamems.sandconponentmﬂgahdmmmls!&mm%dalw
tudiral length dimension of said slement. ) '

4, Mappmcfdaimtwhaainaidmruumindudngmm(u.t12.118)isaﬁgidcmmmnmmadia~
cent alements (60), said surtaces (104, 108, 110, 122) of said component cbstructing direct flarme flow from chan-
neis (92) of said upstream element into channels (92) of said downstream element (60) © induca thereby
tusbulence in flame flow antering said downstream element (50).

s MmddaﬁnGwhmsaidmm)mapmmycfmms(tw.

6. An apparatus of claim 4 wherein said camponent (118) is a perforated plate (122).

7 Mappmdchﬁn4m«dnsaidwmnem(1lz[mrisesawi.emesh(114.113). =

8 fnappmofchﬁnS.Scr?wh«einaidalemm(sn)isfnfmedafcrinpedritbonmetalmappdabcmam.
in a manner to define said longitudinal axtending channeis (92) having hydraulic diametars which effect flame
axtinction,

9. An apparatus of claim S, 8 or 7 wherain said element (128) is formed by paraflel plates (133, 134) to define said
longitudinal channeis (130) having hydraulic widths which effect tlame extinction.

10. Anmparamsdc!aims.sarTwhereinsaideleman(mA)islemwdbyabmdloofpdaﬂd extanding tubes (126).
eacth tuba having a hydraulic diameter which effacts flame aextinction.
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securing mean st support8-grid (56) fixed against said ele-
ment at said inlet and a secomd support grid (58) fixed against said -

el enent at sardouilet, said housing (38) having nmeans (46. 48. 50) at -
said inlet and said outlet for wedging said support grids against said

respecti Y& a8 aSaRRL Srciaim s, 6 o 7 wherein said element (136) is formed by a grid of intersacting plates (136) to define
said channaels (140) which are rectangular in crass-saction and have a hydraulic cross-sactional dimensian which
gifects flama extinction.

12. An apparatus of claim S, § or 7 wherain longitudinal channels (32) of said elements (60) have an effactive hydraulic
diamater whicht ;s in tha range of 0,13 mm (0.005 inchaes) to 2,54 mm (0.10 inchaes).

13. An apparatus of claim S wherain said element (60) is formed of crimped ribbon metal wrapped about a core in @
mannaer to define said longitudinally extending channels (S2) having hydraulic diameters which affect flam extinc-
tion, said vanes (104) of said companent (84) being defined by expanded matal, said elemaent (§0) and said com-
panants being circular and having aquivalent diamaters, said sealing means comprises a sieeve (38) enveloping

and contacting outer circumferential portions of said elements to direct thereby all flame fiow from said iniet througn
said elements.

14. An apparatus of claim 13 wherein said securing means comprises a first support grid (56) fixed against said ele-
ment at said inlet and a second support grid (58) fixed against said element at said outiet. said housing (38) having
means (45, 48, 50) at said inlet and said outet for wedging saii support grids against said respective elements.
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An apparatus for exﬁnguishing a flame travelling along a pipe where the travelling
flame is characterized as any type of deflagration flame or detonation flame, comprises:
i) a housing with an inlet and an outlet and means for connecting the inlet and outlet to
a pipe,.ii) a flame extinguisfxing device, iit) means for securing the device in the hoﬁsing, :
iv) the device having a plurality of serially arranged elements, each element having a
pluraﬁty of longitudinally exﬁénding channels, v) a turbulence device ﬁositioned between
 adjacent elements and having surfaces for inducing turbulence in the flame flow through
the elements, vi) the ﬁoming sealing the elements in a manner to direct flame flow solely

through the elements and the turbulence inducing devices. -
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