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Interruption of Explosions by Flame Arresters (4th Report)

—Factors Affecting on Flame Quenching by Wire Gauzes 1)—

by Toshihiro Hayashi*

Wire gauzes have been considered as one of the useful quenching elements for flame arresters because
of their availability, economical cost, low flow resistance and ease of processing, but the experimental
evidences are not yet satisfactory. _ '

This report describes about several factors affecting on quenching . abilities of wire gauzes against

‘flames propagating in stationéry hydrogen-air mixtures whose intial pressures are up to 2kg/cm? (G)
and hydrogen content ranges between 10 and 60 vol. %. Experiments are carried out in a horizontal
1-inch short enclosed tube (Fig.1, I; and I, being about 12cm). Four kinds of stainless wire gauze
are used as quenching elements (Table 1), and maximum number of gauzes in pack is twenty.

" In each explosion test, the whole assembly is evacuated before the premixed mixture is fed in up to
a desired initial pressure, then the mixture is ignited. An observation is made by the help of a
thermo-couple whether an explosion occurred in the protected chamber. v

~ As it has been known that the higher the initial pressure is, the more difficult the quenching is,
the maximum initial pressures, at which no flame transmission occurs, are determined under various

conditions. These initial pressures (denoted as Limiting Safe Pressure or L. S. P.) are defined arbitrarily
as pressures which indicate flame quenching abilities of gauzes tested. Pressure drops (mmAgq) across
gauzes in pack are also measured for air flow rate of 100!/min.
Main results as follows ; .
1) It is found most difficult to quench flames of the mixtures containing a little higher than
stoichiometric hydrogen (Fig.2). Such mixtures may be used for quenching tests of flame arresters.
2) L.S.P. increase with number of gauzes (N), but in some cases there exists certain limit for N
beyond which an increase of N has no effect on L.S.P. (Rig.5). For a substantial range of N,
L.S.P. can be related to N by the equation : ’

L.S.P.=aN—b (1)
where @ and b are constants peculiar to mesh number of gauze and hydrogen content of gas
mixture.

3) The relation between pressure drop (P. D.) and N is approximately shown by the equation :
v P.D.=kN (2)

The constant % is calculated for each kind of gauze from mesh width and thickness of the gauze.
The fact that % is found to be proportional to /b in equation (1) shows a direct relation between
flame quenching ability and pressure drop, independent of mesh number, of wire gauzes in pack.

* {b# %% Chemical Enginddring Research Division . .
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Table {1 Specifications of wire gauzes
RSO AR

Nominal Mesh width Thickness

mesh w mm Ty mm
60 0.271 ‘ 0.28
80 0.196 0.24
100 0. 152 0. 20
120 0. 130 0.16
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Fig.2 Effect of gas concentration on quenching abiiity (Limiting Safe
Pressure) of 120 mesh wire gauze
N : Number of gauzes in pack
Test enclosure : [;=11cm, l,=12cm ~
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Fig.3 Effect of explosion tests on flow
resistance of gauzes, ignition side
of gauzes being supported by 14
mesh coarse gauze (Refer to Fig. 4)
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Fig.4 Effect of flow resistance of gauzes
on Limiting Safe Pressure (for 3
to 11 gauzes in pack)
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Table 2 Quenching ability indicies of gauzes,
assuming direct relation between
" L. S+P. ~and “number of gauzes in
pack .(N) by the equation : L. S. P. =
aN—b
L.S.P. L &EBB D AEXDER

30 40
Nominal mesh

a 0.3 1.3

60 b 3.0 12.5
afb 0.100 - 0.104

a 0.55 1.14

80 b 4.1 8.1
afb 0.134 0.141

a 0.55 1.0

100 b 3.8 6.5
afb 0.145 0.154

a 0.6 1.4

120 b 4.5 9.3
afb 0.133 0.151
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Table 3 Pressure drop indicies (k) and (%'),
assuming direct relation between
pressure drop (P.D.) and number
(N) or thickness (T') of gauzes in
pack by the equation : P.D.=kN=

BT
EREH DME
Index B ( »
mmAgq)
60 2.4 3.6
80 3.8 15.8
100 4.4 22.0
120 42 26.3
.T B :
k= A%O —C (A,B,C 38 - (4)
k’—_—D._. D.F
~T10F W (( , P irEH) - feeeraas (5 )

EHOEREC I\ S B o\ Tik A=4.77, B=
0.85, C=3.63, D=72, F=3.4 TH 5%, (4), (5)
Re k=kTo 55 To & w OBFIRENDMR, &
B X TIE OBIRITA O & 5 e BT CIELLE 2 5
%o -

5 R (4), (5D, (B) 1k Ay VL BIRES RILD WHEERM
WKL Lo o
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Fig.6 Relation between indicies of pressure
drop (#) and quenching ability (a/b)
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Table 4 Effect of packing pattern of gauzes
(N=6, 120mesh)
SHEOERT DR

Direction of element wires

Pattern
Parallel Crossed*
Pressure drop|  24.8~28.0 24.8~25.8
(mmAq) Av.=27.2 Av.=25.2
L.S.P. 0.3 ~ 1.0 0.5 ~ 0.7
(kg/cm?) Av.=0.7 Av.=0.6

Schematic [ ' [ .
showing* < \ !

# Crossed with half a right angle against
neighbouring gauzes.
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‘Interruption ‘of Explosions by Flame Arresters (4th Report):

—__Factors Affecting on Flame Quenching by Wire Gauzes (1)——

by T. Hayashi

Research Report of the Research Institute of Industrial Safety, RIIS-RR-24-
5, 1~9 (1975)

Flame quenching abilities of packed wire gauzes (nominal mesh 60 to 120) were
studied for various mixtures of hydrogen with air, initial pressures up to 2kg/cm?
(G), in short l-inch tube. Maximum initial pressures at which no flame trans-
mission occurred were determined under various conditions, and those pressures
(denoted as L. S.P.) were used as the measure of quenching ability of wire gauzes.
L.S.P. could be related to number of gauzes in pack or flow resistance of packed
‘gauzes. Effect of other factors such as hydrogen content of the mixture, packing

pattern or deformation of gauzes were also discussed.
(4 Tables, 6Figures, 3References)
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