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Summary

The perfonnance of single layers of wire gauze as flame arresters has
been studied using horizontal ducts, of 6.4 em. internal diameter, and
lengths 237 and 392 em. The flammable mixtures, oontaining propane as fuel,
were ignited by an electric spark either at the open or at the closed end
of the ducts. The quenching of the flame by the geul?Oe was dependent upon
the velocity of approach of the flame, and considerably faster flames were
obtained than in previous experiments with the same flammable mixtures' in a
shorter duct.

Some theoretical oonsiderations of the quenching are also given.
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THE FllNDAMmrAL STUDY OF FLAME ARRESTERS.

3. WIRE GAUGE .AI;mEsrERS m ~CNG NARROW DUCTS.

by

KeN. Palmer and P.S. Tonkin

Introduction

In previous papers describing experiments with wire gauze flame arresters for
gas explosions (1, 2) it was shown that the velocity of the flame as it approached
the arrester was an important factor in the quenching of the flame by the erreatC!ll".
It appeared that with a given gauze arrangement there was a critical velocity of
approach of the flame below whi9h the flame was quenched by the 8lTester and shove
whioh it passed the arrester•. All experiments werecarried out with a short tube
in which the gas mixture was ignited at the open end, with the other end olosed.
The flame velooity varied with the oomposition of the oanbustible mixture and ~th

the direotion of propagation and was partioularly dependent upon the run-up, i.e.
the length of tube between the arrester and the souroe of ignition. Thus with the
short tubes used the flame velooity increased markedly with the run-up. The
experiments described in the present note were carried out with a longer tube than
that used hitherto, so that the effeotiveness of gauze arresters in quenohing high
velocity propane flames resulting fram the longer run-up oould be studied. In the
tests the igniting spark was eitiler near the open end of the tube, so that the
name propagated towards. the closed end of the tube as in the earlier experiments,
or at the closed end of the tube so that the flame propagated towards the open end.
In all experiments the wiburnt gas mixture was stationary at the manent of
ignition. .

§XEerimental

~aterials and aPl2aratus

The arresters consisted of single l~ers of gauzes of various meshes, same
charaoteristios of the gauzes are listed in Table 1. In each case the values

Table 1

Characteristios of the wire gauzes.

Material. !NaminalI Naminal :Mesh width Wire Surface area of i
of gauze I mesh I wire gauze

,
diameter wire in unit I

area ~gauze
S.W.G. em. em.

I'

Brass 6 20 0.329 0.0940 1.40
" I 10 24- 0.198 0.0559 1.39
" 18 28 0.106 0.0356 1 058

; It 1+0 3Lf. 0.Q4.04. 0.0231 2.29
" 60 37 0.0248 0.OJ.75 2.60
n .80 39 0.0192 0.0130 2.54

Phosphor
.c,

Bronze 120 43 0.OJ.25 0.0089 2..61
" " 200 46 0.0065 0.0061 3.04

~

for the wire diameter and the mesh width (the width of a hole in the gauze) are
the means o~ three determinations. .

The propane used in the preparation of the explosive gas mixtures was
specitied by the manufacturers as being at least 97 per oent pure; partioularly
fast flames were.obta..1ned by enriching the propane/a1r mixtUre with oxygen, the
oxygen was ot normal oanmeroial purity.

The tube used for the. explosions was mounted horizontally and was of perspex, .



the internal diameter being 6.4 em. and the wall thiokness being 0.6 om. The
length of the tub~ ,:an4.the.position of the arrester Vlere ohanged for different
experimental oonditions. In experiments in whioh the explosion propagated
from the open end of the tube the total l!lDgth of the tub" was 392 om., the
arrester VIaS inserted 325 om. and the igniting eleotrode was 12.7om. froJil the
open end of the tube. In experiments in whioh the explosion propagated from
the closed and the total length of the tube was either 237 am. or 392 am. and
the arrester VIaS sited 165 am. or 320 am. respectively from the closed end.
The igniting eleotrode was 7.6 am. from the olosed end in both cases.

Measurements of flame velooities near the arrester were made using a
: r,otating drum oamera; the speed of the drum was calibrated either by meana of
'''Biiargon lamp giving 50 'flashea/seo. or by a signal generator in oonjunction

With a oathode ray osoillosoope. The oamera did hot photograph the flame
direotly but, via: two plane mirrors whioh reflected the top surface of the tube

'into the oamera. The oamera lens was foous,!,ed" on a point 2.1 em. below the
. interior top surface 'of the tube. , The rearon, for this arrangement waa that
. 'when viewed 'f'roin above' in a horizontal tube, the flame appears more symmetr,ioal

, .' 'l;han when: vie!ed fram', the side. Also, the foremost part of the flame
~propagat'ed about one··ce.ntimetre ape;'e the axis of the tube.
,.... . . !

;.: ..

f i- The gauzes were cut to form :Ciroular discs whose diameter eqUalled that of
the outside of the tube and' were 'then washed in carbon tetrachloride to remove
'oil and grease. The' gauze arrester was then inserted in the tube, as described
'earlier (1), and the junction between arrester and tube sealed with transparent
tape. The gas mixture was' metered through the tUbe, allowing about ten changes
of gas in the tube, and the supply was then out off; The quiesoent gas mixture
in the tube ~s ignited by an induotion spark from a BIlall ooil and the movement
of the flame near the guaze was reoorded by the drwn camer-a, The velooity of
the flame was measured at a point 1.5 am. from' the gauze surface on the approaoh
side. The flame velooi ty was oaloulated from measurements of the slope of the '
flame front on the photographic reoord and the speed of rotation of the camera
drum.

'. ,

Restil ts

The arresting of flames by single layers of a wide range of wire gauaes
was studied using the 392 am. tube with ignition near the open end, and the
results are plotted in Fig.l. The flame velocity is plotted against the mesh
width,. on logarithmic axes, ,and distinotion is made as to whether or not the
flame passed the gauze. A straight line oould then be drawn on the graph
whioh, with sane exoeptions, separated the restil ts of experiments in whioh the
gauze quenched the flame fran' those results for whioh the flame passed through
the gauae; The line was arranged so that equal numbers of the exoeptional
resUlts fell on each side of it. At this stage no acoount was taken of
variation in the canposition of the explosive mixture, although in order to
obtain the elow names required with coarse gauzes it was necessary to use
near-11Jl1it mixtures; further discussion of this point is given later.

Th(l results shown in Fig. 2 and 3, for experiments with ignition at the
olosed e{ld of the tube, are again plotted on logarithmic axes. In all the
experiments in Fig. 1'- 3, the velooity of the flame was measured relative to
the tube, and not relative to the unburnt gas.
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Discussion

Correc.tion of results for variation in the composition of the gas mixture.

In previous experiments with wire gauze arresters it was possible to obtain
empirioal relations between the mesh width and th~ cr~tical velocity of appr?ach
at which the flame was just quenched, without takl.ng l.nto account the variat:ton
made in the composition of the gas mixture (1, 2). The composition of the gas
varied in order to change the velocity of the flame without alteration of the tube
arrangement. As the tubes were relatively short, slowly-moving flame could be
obtained with fuel-air mixtures whose compositions were not near to the
flammability limits. In the present experiments, with a much longer run-up
distance between the igniting source and the arrester, it was necessary to use
near-limit gas mixtures to obtain flame s suffioiently slow to be quenched by the
coarse gauzes; an allowance must therefore be made far the greater ease with
which near-limit flames may be quenched, as compared with near-stoichoimetric
flames moving with the same velocity. An estimate of the required allowanoe may
be obtained from Botha and Spalding (3) who measured the variation in the burning
velocity of propane-air mixtures with the amount of heat absorbed fran the flame
by a water-cooled surface, using a flat-flame burner. They showed that in order
to reduce the burning velocity of a stoichiometric propane-air· flame to that of
a lower limit flame a quantity of heat 5.0 cal./ml. propane must be extracted from
the flame. It was assumed earlier (1) that if this amount of heat were removed
from the stoichiometric flame then the flame would be quenched. However, with
near-limit flames the amount of heat to be removed would be less; thus with a
2.5 per oent propane-air flame only 1.8 cal./ml. propane need be r-enoved , In
addition, when the composition of the flammable mixture is varied the temperature
of the flame alters and so properties of the flame gases, such as the thermal
conductivity, also change.

Now the relation derived previously (1) between the gauze mesh width and the
approach velocity of the flame that was just quenched by the gauze, assuming that
as ignition was at the open end of the tube the unburnt gas was stationary, was.
given by

v ::: - - - - - - - - - - - (i)

)
.,~

The symbols are defined on page 5. The terms k , (Th - Tg), Q/xo depend upon
the composition of the flame o Values of the correction factor for flames of
different compositions were derived from Botha and Spalding (3) and other sources
(4, 5) and are gl ven in Appendix 1 (final column); the factor is unity for
stoichiometric propane-air flames. In some cases the method involved extrapolation
from published data. The results given in Fig, 1 - 3 have been corrected for
variation in mixture composition by multiplying the flame velocity by the
correotion factor o The corrected velocities, which are the velocities of
equivalent stoichiometric propane-air flames, are re-plotted in Fig. 4 - 6.

1he quenchina of a flame by gauze

The theoretical line for stoichiometric propane-air flames ignited at the open
end of the tube, .represented by Eq, (i), is included in Fig.4 and it may be seen
that the theoretical value of V is too small by a factor of about 3. A similar
underestimation was obtained previously for the experiments with shorter run-up
lengthse(l). In the derivation of Eq(i) the data of McAdams (6) were used for the
transfer of heat between a gas and a single wire and a value of 0.32 was taken for
the NU8selt number; it was assumed that the gas was quiescent and the Reynolds
number was negligible.. However in practice the boundary layers in the gas around
the wires of the gauze interact and the gas may have been in motion through the
gauze. Motion of the gas could arise from the movement of expanded exhaust gases
out of the tube and to acoustic vibrations excited by the flame. Both boundary
layer interaction and moti on of the gas would improve the performance of the gauze.

An alternative" theoretical approach may be made by oonsidering the gauze to
be an array of short tubes, rather than an assembly of wires, and that the length

3



of the tubes is two wire diameters. It is also assumed that there is a flow
of gas, of velocity v, sufficient to establish a boundary layer in the tubes.
Then the velocity of the flame relative to the tube, which is the quantity
measured in the experiments, is given by ~,'

v -+ V :::I
408Tt kd ___________ (li)(7)

&-
1

~

A line representing Eq(ii) is shown in Fig. 4 - 6. In Fig o 4, Eq(ii) is
in better agreement than is Eq.(i) with the results for tests with ignition at
the open end of the tube. Eq(ii) also represents the results fairly well for
the case where ignition was at the closed end of the tube and the flame was
propagating through a fast-moving gas (Fig.5 and 6)0 Eq(ii) thus represents
approximately the behaviour of arresters consisting of Sheeting and blocks
perforated by circular holes (7) as well as wire gauze arresters irrespeotive
of whether ignition was at the open or the closed end of the tubeo The
agreement is only expected to be approximate since it is assumed in deriving
Eq(ii) that the streamline flow through the apertures is :fully established,
entrance effects being ignoredo

Another estimate of the heat transfer coefficient may be obtained fran
results given by Grootenhuis (8) for the resistance to airflow of wire gau~eB,
e1 ther in singl e layers or in packs, and, by the use of the simple Reynold t 8
analogy between heat and momentum transfer. A value of 2 0 9 is obt8.i.ned for
the Nusael.t number, and this gives a theoretical value of V too large by a
factor of about 3. There is however, some doubt as to whether the simple
Reynold f s analogy is applicable to the flow of gases through packed beds of
solids.

Conclusions

1. The quenching of propane flames by wire gauze arresters mounted in a
long narrow tube was dependent upon the velocity with whioh the flame approaohed
the gauze» whether the explosion was initiated at the open end of the tube or
at the closed end.

2. Considerably faster flames were obtained with a given flammable
mixture in the present apparatus, with a run-up distance of 312 om. between the
igniting point and the arrester, than in the previous apparatus having a run-up
of 59 omo

3.. The simple theory derived previously relating the veloeity of the
flame that was just quenched by the arrester to the mesh size of the gauze
was again shown to hold approximately. A method was given of making allowanoe
for the variation in ease of quenching resulting fran the use of fiammable
mixtures of different compositions.
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Notation

;

S;ymbol

d

F

k

m

v

De1'inition

Wire diameter.

Fraction of gas mixture consumed as fuel.

Thermal conduotivity of flame gases at mean film temperature.

Width of mesh in the gauze.

Total amount of heat lost by unit area of flame o

TEIllperature of the gauze.

Mean bulk temperature of flame gases through the gauze.

Velocity of the flame relative to the unburnt gas.

Velocity of the unburnt gas relative to the tube~

Thickness of flame travelling at standard burning velocity.

Aaiabatic flame tElllperature.



Appendix 1

RRenohing of propane ·fiamesj correction tor ohanges in mixture composition

T 0 29QcK
g ,

Mixture I Flame k at IFraction
oanposi- temp- film tElll) of
tion per .9- erature Th (Th + Tg. I original :::~720lt2~898x2260x....!-
oent xo' mixture

9 ~I ox. 2
Xo Tli-Tgik G O.~

propane burnt
I ,

in air I I I for fuel

I I (F)
I

! : [
205 0.36 1750 I 1750 I 2.704- I 00025 0.36
2&75 0<946 , 1840 ! 1800 2.750 I 00028 0.47
3.0 0.56 ~ 1920 1840 1 2.780 0.030 0.57
3.25 0.70 I 1990 11870 , 2.796 0.033 0.74
3.5 0.80 I 2080 1920. 2.842 0.035 0.82
3075 0.92 I 2180 I. 1970 2.870 0.038 0•.91+.. .... -.- .... OJ. ~''''"_. ~ .•

4.0 1.00 I 2260 I 2010 2.898 0.04-0 1.00
4.5 0.97 ! 2240 2000 2.898 I O.~O 0.99
5.0 0.80 I 2160 1 1960 '2.870

~,
0.040 0.87

5.5 0060 I 2060 t. 1910 I 2.828 ()0040 0071I 600 0.48 I 1950 "J 1850 2.780 I 0.040 0.64-
6.5 0.401 185~ j 1800 20750 00040 0.59I 7.0 0.36 18~ j 1780 2.734 0.04-0 0.55
7.25 0.34- 178~ I 1770 2.720 0.04-0 0.53

I 705 00332 176(Jl -' 17~'1 2.720 00040 0.53
800 00~2!1 175cP 1750 2.704- 00040 0..52

I
j

Mixture ,

I Ioomposi- . I•. I

. jtion, !

I
I

parts by I i - I
volume. 1

I
I -i, jPropane: !

loxygen : I I ~

I
nitrogen·1

I I ..

I
12M

..

1:5:17.1 101eX 2320 2.926 O.C»t-J 1012
I,

1:5:16.0 1.17* 2350 I 2050 2.926 0.045 1.22 .. '.

I
1:5:15.1 I G24x 2380

1

2070 2.94-0 0.047 1.32. I11:5:13.3 1.322 2450 2100 20968 0.052 1.46.
11:5:11.3 1.44S( 2530 I 2140 20 996s 0..058 1.68 _... I11:5: 9.5 1.54!! 2600 2180 3.024- 0.065 1089

11~5: 8.5 1.6cfi I 2640 f 2200 . 3.036~ 0.069 2.. 04- I
1:5: 7.6 1.6451 2680 2220 ' 300,(1£ 0.074 2~17

jI

j .,

* extrapolated WJ.ue.

6.

,
r



10,000

1-00·01 0·1

MESH WIDTH - em

x ·x

8
x

-l
0"""

X

0 ~

~
X

0 ~ X
0 n-.8 0

X0
o ~

~
0

0 0 o m ,

0 0 X

0
-,,-. 8

0 0 ,8
0 -8 <,

0
0

0 0

0

50
40
30

20

100

100

l/l 500
- 4005 300
I 200>-

t-
U

9w
>
w
2:
«
...J
I.L

..
•

~/-
r~

Fig. 1 GAS MIXTURE IGNITED AT OPEN END
OF 392em TUBE

1·00·01 0-1

MESH WIDTH - em

0

0 X

X

Q -."... - X

!c e ~ X b
x

0 0
\I ~8

x x.
0 y

<,I. o x0 0
~ t!

0 0 ~ y0 0

0 "
0 x
0

0

100

50
40
30

20

100

500
400
300

200

o
t-

W
>
~
...J
W
0::

W
2:
«
...J
I.L

I.L
o
>
t-
U

9
w
>

.!:Q
E
~ 2QOO
w
CO
::::> 10,00
t-

.J

.)

'"o.q
E .Fig. 2 GAS .MIXTURE IGNITED AT CLOSED END

OF 237em TUBE
o,...
'"'"'-



1·00·01 0·1

MESH WIDTH - em

x
.... "
~
:;: <, l

8 ""- I
'" v '--.... x l;)

.r.. X
Q ~0 r..

° i~
x ~

x

0 v 11

~0 y "'-

0
0
0

0

010

50
40
30

20

~ 10,000

~
OF 500

400
~ 300
!(( 200
-.J
W
a:: .!!2 100

~6
<t:
-.J
LL

LLo
>
~.

u
9
w
>

·t

'1
\

Fig. 3 GAS MIXTURE IGNITED AT CLOSED END
OF 392cm TUBE

1·00·01 0·1

MESH WIDTH -em

v X
......

0 II , x

°
X

0
t, ~

0 0 .....'1, xtil

0 " e
""-, e v "8 ..... o .....
8 ..... ,0 ° ~ ',~

,('1
~ '" '''x,

.....
?'l '" ;;,
0, o ...

0 ".' .....~ ~

0 '" '", \ P ~, ...R x ~0
..... , ~: ~,

0
0 " ... 1/',

'4'
x

.....~ .....

"9 ''l .....f/j ,
0 ' ' ..0

"~.

0
0
0

0

0

5
4
3

2

1

10

5 10,000
~

~ 500
a.. 400
2 300

8 200
w
0:::
:::> 100
~x
2: Ifl 50
0:: - 40Ef2 u 30

o 20w
~

W
0::
0::
o
U

>=
~

u
9w
>
w
2:
::s
LL

..,
I

•

" .

I

]

:5 .

......
C'II
I"l
.....-

Fig. 4 RESULTS IN FIG. 1 CORRECTED FOR
MIXTURE COMPOSITION. GAS MIXTURE
IGNITED AT OPEN END OF 392 em TUBE



1·0

x

x

v

x

x

x

'\

0·01 0·1

MESH WIDTH - em

1OOL-------L-..:-----~...,....__-.......:lo...-_----,-J

1000l==============+=======~:====t~====x::======!

5000t------~------+----~

40001----------I.-~--------;;----+---------"--------1

30001-------,,;---+-~~-------/x------j

20001-----------f41---~----,,----+----:::----j

~

Eu
I 10,000.--------,-------.---------.
w
co
:::>
~

~
W
>
~
.....J
W
0.:

Wz«
.....J
u,

LL
o
>
~

u
9w
>

at.
.,

Fig. 5 RESULTS IN FIG.- 2 CORRECTED FOR
MIXTURE COMPOSITION. GAS MIXTURE
IGNITED AT CLOSED END OF 237em TUBE

Fig. 6 RESU'LTS IN FIG. 3 CORRECTED FOR
MIXTURE COMPOSITION. GAS MIXTURE
IGNITED AT CLOSED END OF 392 em TUBE

100

500
400
300
200

1-00-01 0·1

MESH WIDTH -em

x

~

~" "
"iii

:', :
'9--,

'\ x,
X0 " x

0 s.... x
.... 0

0 " 0
0 ....
(:l \.

»;
~ ....~ ~

x ..
x ,Elo x

-~~.
/c "
~/

",~ . x

{{;
",....

",

~
E 20~000
u
I

~ 10.000
::>
~

O 5000
~ 4000
w 3000
>
~ 2000
.....J
W
0:: 1000
w
~«
.....J
LL

~
>
~

u
o
.....J
W
>

••
•

"....

,
?
.\
."

..
. /
t




