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SUMMARY

/The rerformance of single layers of wire gauze as flame
arresters for gas and vapour explosions in ducts has been studied -
using a straight vertical tube whose diameter was 14,9 cm, The
fuels used were propane and ethylene and the flammable mixtures
were ignited at the open lower end of the tube, Measurements:
were also made in two tubing systems }f the temperatures attained
by the gauze when arresting a :f‘lat:ﬁ.
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THE FUNDAMENTAL STUDY OF FLAME ARRESTERS

2, (a) Wire gauze arresters in a short wide tube,
b) The rise in temperature of gauzes when quenching a flams,

" K, N, Palmer and P, S, Taonkin

. By

INTRODUCTICN

[N

‘-In an earlier report(l) an account was.given of experiments on o
srresting by wire gavzes of flames propageting through a flapmable gas

‘ mixture in a short-narrow vertical tube,
assembly wes- able to arrest flames travelling at less than a certain critical
. velocity, faster flames passing through the arrester, and that with single

It was shown thet a given gauze

layers of gauze the critical flame velocity was approximately inversely

proporticnel to the width of the mesh of the gauge,
cbtained with propane, ethylens, snd towmn gas flismes, snd with brass, stesl,
anél phosphorsbronze gauzes, In all experiments the gas was ignited at the
“ opemn end of the tube,

" ‘quenching of the flame resulted from the ebstractiom of heat by the wirs of

Similar resulis were |

A 3imple theory based on the assumption that the

the gauze was shosn to be in broad agreement with the experimental results

for propane flames,

It followed from the theory that the relation between

the criticel flame velocity and the mesh width of the gauze should e

independent of the dlameter of the tube,

Insufficient findamental in’crmes

tion relating the buming velocity to the .cat loss from the flame wes
available to test the theory on the resulis for ethylens and towm s,

The present work was carried out to determine whether the reliiion

was affected by a change in the diameter of the tube,
of more than double the diameter of that used previcusly.

A between the critical flame velocity and the width of the mesh of the gauze

The tube used. wag

In addition

peasurenent was made of the rise in temperature of gauze arresters whan a

. fleme impinged upon them,
tube,

EXPERTMENTAL

Materials and apparatus

A range of gauzes of various meshes was used as the arresters;

- characteristics of the ganzes are listed in Table 1,
value for the wire diameter and the mesh width {the width of a hole

geuze) are the means of, three detem-ma,tlona,,

,/ . )

.

e

In each cass

the flame being initiated at the open- end of the
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tha
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TABLE 1

Characteristica of the wire gauzes

,
Nominal
. Mesh Wire Mass per
Material of Nominal wire ’ .
width diameter | cm2 of geuze
ganze ) mesh S,?;J.ig,? on cm g
Brags 6 20 0.329 0.0940 0,258
n 10 I 0,198 0,0559 0,161
" 18 28 0.106 0,0356 0,136
n L0 34 0,040k 0.0231 0,111
" 60 3 0,0248 0,0175 0,091
- Phosphor-bronze 120 L3 0,0125 0.0089 0,046
n u 200 NS 0,0065 0,0061 0,040

The two fuels used in the preparation of the explosive gas pixtures
were propene and ethylene, The propane was specified by the manufacturers
as being at least 97 per cent pure; the ethylene was specified as being
98,2 per cent pure, With both fuels fast flames were cbtained by enriching
the fuel/air mixture with oxygen; the oxygen was of normal commercial

purity.

The tube in which the explosions were produced +as of perspex; the
length of the tube was 165,7 cm, the intermal dismeter was 14,9 cm, and the
wall thickness was 0.6 cm, The tube was cut into two sections, the shorter
section being 58,5 cm in length, end the two sections were held vertically,
with the larger ane uppermost, so that they butted endwise on to each other;
the arrester was sandwiched between the two sections, In all experiments
the gas mixture was ignited at the open lower end of the tube, with-the
upper end closed, Measurements of flame velocities on the axis of the tube
neer the ganze were made using a rotating drum camera; e metel plate with
a 0,3 cm wide vertical slot wes placed centrally against the tube to restrict
the field of vision of the camera, The speed of the drum of the camera was
calibrated either by mesns of an argon lamp giving 50 flashes/sec or by a
sipnal generator in conjunction with a cathode ray oscilloscope,

" In the determinatioms of the temperatures attained by the gauzes a
40 S.W.G, chromel-alumel thermocouple was silverwgoldered to the centre of
the gauze arrester which was then supported in the tube as before; the
output from the couple and a cold junction wes fed into a d.c, pre-amplifier,
The pre-amplifier was comnected to a cathode-ray oscilloscope and the
deflection of the oscilloscope beam recorded with a drum camera,

Procedure

The gauzes were cut to form circular discs whose diameter egualled that
of the outside of the tube, After washing in carbom tetrachloride or
boiling water the gauzes were dried and sandwiched horizantally between the
ends of the two sections of tube, The system was made gas tight by binding
the junction with transparent asdhesive cellulose tape, The explosive gas
mixture was metered through the tube, allowing about tem changes of gas in
the tube, and the supply was then cut off, The lower end of the tube was
then cmened and: the quiescent gas mixture in the tube ignited by .a small gas
flame applied. to the open end of the tube; the movement of the flame near
the gauze was recorded by the drum camera, The velocity of the flame was
measured at a point gbout 1,5 cm from the gauze surface on the approach side,

as described earlierll), The flame velocity was calculated from measuremen‘ts

of the slope of the flame front on the photog:rapl'n.c record end the speed of
rotat:.on of the camera drum,
. -2 -
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In experiments on the temperature rise of gauzes the inerease in
temperature was calculated directly from the photographic record of the
oscilloscope beam, Temperature records were usually only considered for
flames that were quenched by the gemze since the thermocouple and the ganze
were frequently damaged if the flame passed the gauze,

Results

The arresting of propane flemes by single lagyers of gauze was investi-
gated over a wide range of mesh sizes and the results are given in Pig, 1,
Both the flame velocity and the mesh width are plotted on logarithmiec axes -
and distinetion is drawn to whether or not the flame passed the gauze,

As in the earlier mport(a? no account was takenm of variation in the composi-
tion of the explogive mixture; -this will be comsidered in a later note,

The results of experiments under similar conditians with ethylene flamss
are given in Fig, 2; in many of the experiments with the 120= and 200-mesk:
goauzes the behaviour of the ethylene flames differed from that observed
previously in experimemts with the narrow vertical tube(l), In some cases,
marked *g' in PFig, -2, the flame was arrested by the gauze but was not quenched
immediately and permisted undemeath the ganze for several seconds; the ganze
glowed duil red as a result and sudible sound vibrations were emitted, In
other instences, marked &' in Fig, 2, the flame was arrested by the gauze,
but flickering con‘t::l.rmed underneath as 'before ‘and after a few seconds‘the
gas above the gauze was ignited, As the .ﬂame wes initially arvested by the
gauze, the results marked g' or *d* in Pig, 2 have beenincluded amongst
those for which the flame was quenched by the gauze in the usual manner,

With propane flames in a few instances the flame contimued to burn under the
geuze before being quenched, even with a ganze as coarse es LO=mesh, but the
flaume never passed the gauze after being drlayed, It was considered that
the continued buming under the gauze might have resulied from compression

off wburmt mixture in the upper section of the tube whilst the flame was
propagating through the lower section, the excess pressure being slowly
relieved through the gauze when the flame ceased to advance, In testg with
a water manometer, however, no such pressure rise was detected, ® This point
is dlscussed bel:m. -

The rise in temperzture produced im a gauze arrester by a flame took
place in two stages, The duration of the first stage (%] sec) was = fractien
of a second and the riseé in temperature ( 61 °C) was moderate with Past flames
and often undetectable with slow flames, le is-shown in Plate 1,

The second stage usvally occupied several secon :tz sec) and the temperature
rose slowly to a maximum value { 8o ©C) which was frequently considersbly
greater than in the first stage. A record of this comparatiwvely lenghhy
heating is shown in Plate 2; in this experiment the- flame -comtirmed fo buxm
under the gauze before extinguishing, The values of € j for stolichiometric
propene~ or ethylene-air mixtures were too small for detection, even with

 200-mesh ganze, i,e, €1 < 5%, but values for some oxygeu enriched propane

flames are given in Fig, 3, Detamls of the gecond stage of the rise ix
tenmperature are given in Table 2 for several flammable mixtures snd gauzes,



TABLE 2

Temperature rises of gauze arresters in a wide vertical tube (14,9 cm I,D.)

Gas mixture, by Flame velccity | Nominal mesh 2 to
volume cn/sec of gauze oC sec

Propane 1% 85" 40 71 7.0

Air 96 123 58 7e3

(atoichiometric) " 96 200 L8 8,2

Propane 1 part 171 40 87 {a3

Oxygen 5 " 203 200 62 | 6,9

Nitrogen 14,1 "
‘Propane 1 part 38l 200 390" 8.1

Oxygen 5 " 510 380 9oks

Nitrogen 9,5 " 960 ‘ _ 380 Te7

Propane 1 part 895 | 200 380 7okt

Oxygen -5 " 1640 { -380 8.1
Nitrogen 7.6 "

Ethylene 1 part 570 200 195 5.7

Oxygen 3 @ 580 330 863

Nitrogen 7.6 “ 61C : 215 7.6

Ethylene 1 part 645 200 280 2,9 )
Oxygen 3 " 14,0 350 35 -
Nitrogen 5.6 " - ;

In order to determine whether stoichiometric propane-air flames could
give apprecisble values of O ; some experiments were carried out with the
gauze arresters mounted in a horizontal perspex tube, of 6.4 cm intemal
diemeter, with a run-up of 313 cm between the igniting source and the gauze,
Owing to the long run-up the fleme velocities were considerably greater than
with the same flammable mixture in the vertical tube, Further details of
the horizontal tube will be given in a later report., The values obtained
for © ;1 are included in Fig, 3 and for € 5 in Table 3, As the flames were
vibratory near the gauze the temperature rise O, often developed stepwise,
the value at the topmost step being taken for ©;5, The minimum value of
8 1 detectable in these experiments was 2°C :
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TABLE 3

Temperature rises of gauze arresters in a horizontal tube (6.4 cm I.D,)
{

-| Gas mixture, by | Tlame velocity | Nominal mesh 09 to
~  volume _cnfsec of gauze’ “c sec
Propsne % , 870 - 200 15 1,2 7
Air 9% 1170 T30 0,8
(stoichiometric) 10 56 %02
15,20 2L 2,5
1420 29 0.8
1460 15 1,9
1500 : 65 1.5
1630 103 - 3,0
1680 ' 153 1ok -
1710 24 1,1
2030 43 1.3
]
DISCUSSIMN

The arresting of flames by the. gemzes

. _The results for propane and ethylene flames given in Fig, 1 and 2
show that the flames tended to pass through the gzmz? ?;t lower velocities
than in the previous experiments with the narrow tubell/, The scatter of
the present results was greater than that obtained previocusly and ro
clearly defined line could be drawn such that. flames with velocities below
the line were quenched, and flames with velocities above the line passed
the arrester, However the velocitles of propagation at which the flames
became able to pass the genzes were of the same order as in the earlier
tests. The reasons for the greater scatter in the present experiments are
not clear, but the method of measurement of the flame velocities mey be one
factor, These velocities were measured near the axis of the tube;, but in
some instances the flames were nolt symmetricel so that when vibrations
developed the fastest part of the flame Ffront-was considerdbly off cantre,
From the photographiic record obtained it would then appear that the flame
passed the gauze widlst travelling at a lower velocity than was cctnally
the case, The effect woul? Sre more marked in the wide tube than in the
narrow 4ube used previcusly 1), The results obtained for propane {lames
in the wide tube fell apout the theoretical line (Fig, 1) which was derived
in the earlier I*ep'ort(l by assuming the quenching of the flame was due @o
cooling by the ganze with no assistance from the walls of the tube, A
similar line could not be drawn for ethylene flames since; as deseribed
earlier, insufficient basic information is available,

Rise in temperature of gauze arresters -

The first stage of the rise in temperature { 01) developing in a gauze
when a flame impinged upon it took place rapidly (Plate 1) end was probably
the direct result of the flame front coming into contact with the geauze,

The secand stage wes considerasbly slower, and usunally involved higher
temperatures ( 69) and could have been the result of the sbstraction of heat
by-the gauze from the produsts of combustion behrind the flame frunt and, in
some cases, assisted by the prolonged buming of flames under the gauze,
This prolonged buming is disoussed separately, below,

The results in Fig, 3 indicate that the temperature rise in the first
stage ( 07) was dependent upon the flame velocity, end although the results
wére scattered an approximate line for 4 per cent propsne-air flames can be
drewn on the graph, From the slope of this line a value can be derived for
the thickness of a flame moving with the standard buming velocity, which is

w5c-



the linear velocity of propagation of a plane fl f‘mnt nomeal to itself
into an unbumt gas mixture, It has been shown?mf that for a ! per cent
propene-air flame to be quenched whilst travelling at the standerd buming
velocity a quantity of heat = 2,468 x 10-2 Xg cal mist be removed from each
on? of flame; where Xg is the thickness of the flame,

- Now, as a flame travelling with the standard buming velocity is f’la.t
it follows tha.t the quantity of heat to be absofoed by unit area: of gauze
18 2,468 x 10=2 x  cal, _

From Pig, 3, the tempera.‘bure r.i.se censed in & 200-mesh gauze by a ﬂame
travelling et the standard buming velocity (41 em/sec) is 0,275°C,

Now the thermal capacity of umit areaof goaze (_Tab-le l) = 0,04 x 0,088 .
" | = 3,52 % 10™7g

Therefors %, = 5‘52 3620;31;2‘275 = 0.039 e,

Although this value may be in considerable error (Figy 3) 1t is still
likely to be considerably less then the value-0,2 cmused previcasly( )
which was known to be uncertain and very probebly an overestimation, :L?
also of the same order as the value of 0,02 o given by Gaydom and Wo.'lﬂ!a.tﬁ 2)
for the thickness of the luminous reaction zone of a stoldriometric butane=
alr fleme, . .

Sustained burmning wnder the ga.uze_

Both propane and ethylene flames geve instsmces of the flame-being
stopped by the gauze, but not quenched imedia‘bely, and' in consequence the
gauze was heated up tFig 2 'and Table 2), In some cases with etirylene as
fuel the flame subsequerntly passed the ganze (Pig, 2). As in most cases
with propane and ethylene a stolchiometric fuel-air-oxygen mixture-was used,
the products of combustion could not form a flammeble mixture, and thus the
fleme stebilized under the gauze must have been supplied with fuel end
oxygen from ebove the gauze, Two-possible methods of supply are:

(1) bulk flow of ges through the gauze,

(11) a&iffusion of gas through the gamze, @ - O’
They will be considered in tum, -
(1) Bulkflowofgaathroughthegmzze' E v

The flame is presumed to be maintained by a flow of gas driven through
the gauze by an excess pressure gbove it, It is assumed that the minimun’
rate of flow for a stable flat flsme is the buming velocity at the flamma=
bLlity limit, i.e, about 4 cm/seo(3), so that if the gas velocity is less
than this velue the flame extingun.shes.

Now the reletion between the pressure drop across E)_ganze and: the 'gas
flow through- it is given, for a small pressure-dzvp 'by( H

vy = APgdf
L pUX(1 =%

wire diameter

volumetric porosity :
acceleratian due to gravity : ‘
pressure 4rop across’ ga:l.xze

ges veloalty .

- thickness of" gemze . .
gas density -
résistance factor, dmdarb on Reynolds mmber Re.

I

covsseoeresesscrsvsee (1)

where 4.

A
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Conzidering a 200=mesh geuze, and assum}ng the gas to be air, £ = 0,6

So Re = L% 1,293 x 10%3 x 1,068 x 10°3 ,ging the hydraulic mesn
" 1,83 x 10=k x 0,6

diameter of the wire (1,068 x 10=) cm) as the characteristic d:l.meamlozl("")
a2, ‘1’_ = 108, Also for a single layer of gauze x = &d approx,

0 . .
Thus AP =108x1;.:x:10293x10=3x4 X2 X 0ob om wog, from equ{i).
s 981 % 0,62 Foo RTON ?()_

2,02 x 102 em Walls

A pressure of this magnitude would not have been detectable in the
experiment with the water manometer: it could arise either from compressiomn
of unburnt mixture in the upper section of the- tube whilst the flame was
propagating through the lower section or from expansiaon of' the gas in the
upper section of the tube after heating of the gauze.

(ii) Diffusion of gas through the geuze

The rate of diffusion of propane required for the maintenance of a flame
under the gauze arrester may be estimated by taking the lower flammability
limit for propane-air mixtures as 2,4 per cemt(5) and then if the burming -
velocity at the lower limit is 4 cm/sec the requ:.red rate of supply of
propane per sq. cm, of genze is assumed to be at least 4 x 0,02 = 0,096 cmd/
sec,

Now if the gas above the gauze is stationary the volume (V) of pmpa:né
di ing to the flame in time t is g:l.ven for a low concentration of propane

by
=. 2 c,,‘P-E where ¢
v

initial concentration of propane
D .

& ffusivity,

i

neglecting the resistance to diffusion ofthe wire gemze, For the mixture;

propane = 1 part by volume, oxygen = 5 parts, nitrogen .= 9,5 parts,

‘e = TJE‘;"B o« Also D for propane = 0,106 cma/seo(7) ¢ and so the volume of

propane @iffusing to the flame during the, f:.rs‘t 1 sec. is given by

v = - 2 0‘,106 = 2,37 x 10::2 cm3.
'1505 .

In fact, however, after the flame had become sfabilized for a short Siag
the geuze heated up and convection currents were get up above the ganza,
When a steady state has been attained the system consists essentially of o
horizontal hot plane surface above which gas is in motion due to naturel
convection of heal; the concentration of propane at the surface is zeru audll
the concentration in the bulk of the gas is small, = An estimate of the irass
flow of propanes to the surface was obtained from & mass trangfer equatn.m
analogous to the equation for the naturel convection of he::;?
estimated flow of propane to the surface, under equilibrium cond.:.t:i.ons, was
of a similar magnitude to the diffusion Frow during the first sec, from a
atatlona.tg gas; both quantities were less.than the estimated requiremen‘if
(0,096 5 by a f’actor of ebout 2 - However the diffusivity D is
sensitive to tempemtum( (D = Tl = 2,0) go that at a pauze temperature
of 300°C the value of D might be increased suf‘f‘lc'len't:ly for the required
supply of propane to be produced,

No account so far has been taken of the resistance to diffusion of thé

gauze: this would cause the propane concentration above the gauze to be
greater than zero, Since the cancenrtrations are small, Fick's law applies

-7 =



across the geuze 'ah‘:ti'aﬁinl:.catldm of this law indicates that the resistance
to diffusion of the gauze is small compared with that of the mechanisms
considered sbove,

To sum up, it appears that the supply of fuel and oxygen to a flame
stabilized under e gauze arrester could easily have been dune to bulk
movement of gases through the gaunze resulting from heating of the gauze,
and that an altemative mechanism, involving diffusion, might-be possible
particularly with the fine ganzes which attained high temperatures, In
either event the effect appears to result from the structure of the geuze:
its low thermal capacity and its thimess,

o

. '.:r;

CONCLUSIONS

l, Both propane and ethylenme flames tended to pass through-the gsuzes at

lower velocities than in previous experiments with a narrower tube, The

results were, however, less consistent than in the previcus experiments,

and some discussion of possible reasons for this is giverr, There is a -
need for further experiments on tubes of greater diameter than those used

hitherto,

2, Sometimes the ganze stopped the flame, but did not quench it immediately,
and the flame continued to burm under the ganze and heated it to redness.
Some theoretical discussion of this is given,

3, The rise in temperature of a gauze arresting a flame occurred in two
stages, In the first stage, which was rapid, the rise was small and from
it a value of the thickness of the flame fromt was obtained, Although
this value may be in error because of the scatter of the results it was
still considerably less than the velue assumed previmsly, The second
stage of the rise in temperature of the gauze was slower and high temper—
atures sometimes developed, :
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