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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 stationary 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
l-inch short enclosed tube (Fig.1l, I; and I, being about 12cm). Four kinds of stainless wire gauze
are used as gquenching 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 (mmAq) 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. (Fig.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 egquation :
" P.D.=kN (2)
The constant % is calculated for each kind of gauze from mesh width and thickness of the gauze.
The fact that %2 is found to be proportional to a/b in equation (1) shows a direct relation between
flame quenching ability and pressure drop, independent of mesh number, of wire gauzes in pack.

* fb% B Chemical Enginddring Research Division . -
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Table { Specifications of wire gauzes

RSO %
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

WERENDEDOBHET, AR TOERITIIFHZ
#ohoﬁaﬁ@,V“Pﬁ@ﬁﬁ#Eﬂ%4mmﬁ
OEEE LTHBH Wb D H i,

23 RBRAR

ST AL 10~60vol. % DOKE-BKEEHTH
Bo KERXFERAVAIOL DY, FEHFRCLD

¥l Z oSBT, AHOEBROBENOL LY S RETICEY
T, KEFELTHZ LR TERD ol T, HEHKC
CRESSBELLWIOLLRL, 2.2 oA EsEmCE
WTHo L wETDORBAL Ui, UT, AXdcHeHE
I 5 o ’ i




KA BB 2% (BB 43R) — 3 —

KEEHDOEZERE LTERIC L, KERED
HIE T i R A4 (0~100% B, EOER
20mm) % A\ ic, BAF AOFEDORKAMIX 2. 0kg/
cem? (F—OF, LT, HlibbiowRyENLY
—CHEETB) & Lich, KEEREH 10 85X 60%
fETIE3 0 FTEDIEESH S,

2.4 BREROFIR

FEORBTIE, &% L DO LEEN%Y 3mm
Hg (abs.) UTFOEZE L, FTREEFALXTEDHE

ETHELILOBLBEKIERL D EKT B, BEFTAD -

WEDOE WG EKBFFELA I NI W Edbh s T
WhHDT, FIERKGEND 0.2kg/em? FIZHT Lvf
" CfT% Fig.1 o8k (Protected chamber) i :k#
AWET B (UTF, BlkT5&03) BIFEERDB, &
DOHEEANRIT T Kk Lin i 2@E% 0.1kg/
cm? FRTKD D, FIENRKKETH KT S E Zi,
200mmHg FOE % T, 51k L fnhid 100
mmHg HIT & ED, 100mmHg %% GEKBREN
I 50mmHg %]%) THAK L WHIEXE D
bHo ZORE, A—o@WET3 (FHits) EEHEL
THlk Licv & X, COENEZTO&EMTOWTD
JEB| Kk @fE (Limiting Safe Pressure, LJF, L.S.P.
T LB D) EEHZLTEMOMERET (1K
LK &) U THIREE L™ o5& (&
W, KFRERE) LT L.SP 2k EML
SHWIF L VDO L Dzt LERBETIIE—
ST CRIEDERE TV RHE W L.S.P. 2%
LHOF — % & LT L,

FEBRIIT N CHPABS BT KAV KPGET S X
5 LTITieyy, FLKDOFELTKMCHEA LIcBGE
oW X 0 HE Lico

2.5 REBEMOARE

SO KEES L HBEIIOBIGREY LLN57e®),
BERBOFNBCEHEOMEE N X AIE L, &#
(CHImErELRLCLO) WREREERCHT L EFT
REETHDO 14 vFEPIRE D 21, ZEKREY 10
~100!/min OETELE Rz & ¥ OLHEIHEOILN
ZXEF UFACHE Lico MBEOKEWITEERIL
2 RRRCOWTEDLEADHE (xif 2ke/om?) ThHalk

Ligwnwe &it, CoFH% L.S.P. XL HaoTZORED
L.S.P. BEBLIBEHRLITLPRE D, Ik, AKRELTIX

mmHg BECERL, XPd o BAREVER, FT
kg/cm? BB L TR L

KEL, WEEALPROOT, HERATESTE
25 100l/min © L ¥ DJFHE (mmAq) T L

3. EREBERKIUVEER

3.1 ERCEETIRFOFEHR

&M X AHEECILS L ODERFVNEETHOT, &
NHOERENCEBELLOD, VEAFHERCOWTE
EMICHE T 5 0B TH Do = DD ET,
Fig.1 @ I; % 1lem, L, % 12cm 2 L, #HKkfil%
HeMET, 5LKALEHN (F 10mm OfE47F
T5) TEREFNER LB O\WT, KEEE-
SHEMEE-L: S. P. OBIRE Rdl, BEREHEIT 120 &
60 X vy ¥ THBHAH, Fig.2 1212120 2 y ¥ 1D
TOERYRT, &L at random Eh, EhE
% (pack) OBFUL 1 B 10 FT IR EDWT
REE LY, NOBEMIYIT3 e —FE2HAK L
oo ¥, SEWBEBDP I VEERIL LS. P L EE
HADEKBRAENEB—FTH b HBH, =D
RAFEIID5EHRTE LS.P. tETCTHLIND,
KTz DlZEOX L LT sy,

Fig.2 $X0C OfERA %5 ETOBRENS, UF
DEEDRFROVTERENIR A 2 oo

311 REFEBE

KEREDOHBIFEE TH D, L.S.P. HREE L
% 30~35% wHLELT, BEIAZOLTWTRE
AL CHIEIETFHE LS. P i38nL, £EoiK
BT T LS P oMNRIPEBICAE L b BE
PREET B, 2O EhE, 60% LI 10% L)
TORBETEIKEDBERBETHHEELLR, T
DIFEFL 60 2 » ¥ SHEDOEALFETH DD,
TRFEIE R GIBETIE 60 2y ¥2 X b BOBEWG
MChMHEGEABETES, L, 2RIk
HERER LS WBETKRIEBRD T A P AEhbXE
THY, FORE (BBROBIK - ik, FAOHEE
Db EHD THREDERH D) BEHEI DL
LEDTHHEELZTIVTHA S,

ek, 60 2y ol 120 2 v ¥ DR Y BT
L&, Bz iy sotxn L.S.P. ORE
fEl% 60 % » v 2T —500mmHg, 120 2 y ¥ o C
—100mmHg TH- T, MWHEDOMLIEICITE S A
CEDRD D, TDEMINC L o TET BT



— 4 — EELL2MERE#RSE  RIS-RR-24-5
2.0 o—e— n o L
-
1.6 i & » N=7
‘ O N=10 A
1.2+ o N=38
o [ ] fod
E 0.8} .
2 \ AR N= =
Mo0af \ KA 4 N=9 7 _7 N=3 o
a o
w9 A / ®
— \ i \ \A;-A/ -/
(3
—0.4 1 Q, \ L S /' N=1/|
@ o]
—0.8 \O L@ \r: /E.'_‘/L_-——/_f o
10 20 30 40 50 60
Hydrogen content vol.% in air
Fig.2 Effect of gas concentration on quenching abillity (Limiting Safe
Pressure) of 120 mesh wire gauze
N : Number of gauzes in pack
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Fig.3 Effect of explosion tests on flow
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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. LB LR OER

30 40
Nominal mesh

a 0.3 1.3

60 b 3.0 12.5
alb . 0.100 0.104

a 0.55 1.14

80 b 4.1 8.1
alb 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=

R'T
FERER DE
Index B ( ”
mmAg)
60 2.4 8.6
80 3.8 15.8
100 4.4 22.0
120 42 26.3
A-TB ’
h=mt—C (4, B,C LR - (4)
W= ((D,F
T T10F W (D, F iz 38) P (5)
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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

Schemaﬁc [ ' [
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, 1~8 (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 1-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)

O





