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Interruption of Explosions by Flame Arresters (First Report)

——On the Quenching Ability of Sintered Metals (1)——

by Toshihiro Havasur* and Heizabro Turumr*

When a flammable gas-air mixture within certain concentration limits is ignited in a rather long
enclosure, it follows initially a slow combustion, and then is accelerated to a deflagration. The deflagra-
tion may develop finally to a detonation which is capable of resulting in a serious disaster. To exclude
such potential hazards, the explosion should be interrupted as early as possible after the ignition.

The usage of the flame arresters is a typical method for this purpose of protection, and the theore-
tical background is dependent on the flame quenching phenomenon in a perous body with narrow pass-
ages through which explosion flames are unable to propagate.> Although various kinds of flame arrest-
ers have been developed, most of them are manufactured and used rather empirically, And from the
view point of safety their experimental data are not satisfactory. '

This report describes about the flame quenching ability of sintered metals as constructional elements
of flame arresters. The sintered metals tested were commercial filters, and were discs of 2mm thick
with outer diameter of 40mm, Two kinds of metals, bronze and stainless steel, were tested and proto-
shape of particles before sintering was nearly spherical for the former and quite irregular for the lat-
ter, For the purpose of this study the sintered metals were specified in terms of filtration diameter,
which was gener.ally defined as a minimum diameter of a spherical particle which could not be filtra-
ted through a porous sintered body. The filtration diameter had a range from 1204(0.12mm) to 104,
and these values were assumed to be proportional to the proto-particle sizes.

The disc under test was fitted tightly into a flange (i.e. a mounting flange) and bolted between the end
flanges of steel pipe enclosures, One enclosure was “explosion chamber” and the other was “protected
chamber”., In each mounting flange an orifice was so drilled that the effect of the orifice on the
eﬁcplosion transmission could be determined, The largest orifice diameter was equal to the internal dia-
meter of 1’/ gas pipe (28mm), and the minimum was 2mm, After setting up, the whole assembly was
evacuated, and then filled with premixed hydrogen-air mixture at a desired initial pressure, An explo-

sion was initiated in the explosion chamber by a spark plug, and the pressure changes in both
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chambers were recorded as pressure-time oscillograms, Whether the explosion flame had been quenched
in the sintered metal or transmitted through it was shown distinctly by these records.

For the first series of tests t.h.e effect of dimentions of the explosion chamber on the flame quenching
was studied, and therefore hydrogen content in the mixture was kept constant (i.e. 30% by volume in
air) ; this was a stoichiometric- value and considered to give the fastest speed of flame propagation,
The diameter of the explosion chamber was either 1’/ (28mm) or 8’/ (200mm) and the length was cha-
nged in different ways. Initial pressure range was from atmospheric to 2.5 kg/cm?(gauge), with 0.5
kg/em? steps, The initial pressure which gave ten successive quenchings was defined as limiting safe
pressure (L.S.P.) at that condition, The L.S.P., which showed a relative degree of safety from the
standpoint of the flame quenching ability, was proportionally increased as the filtration diameter or the
orifice diameter decreased, and if compared in terms of L.S.P. the sintered bronzes were shown to be
less effective than stainless steel discs for vthe same filtration diameter, This was probably because of
the differences of the particle shape and the method of sintering. The ratio of the length (L) to the
diameter(D) of the explosion chamber had a considerable influence on the flame acceleration and there-
fore on the flame quenching phenomena. The results showed that, for a constant D, increasing the
L/D gave more dangerous explosions, and “when an detonation-like explosion propagated against an
arrester, the disc under test was usually fractured or deformed because of a rapidly applied pressure.
For a constant L/D, the larger the pipe diameter the more easily the explosions transmitted into the
protected chamber. ’

In the other series of experiments hydrogen content was varied between 10 and 60% by volume,
whilst the test enclosure assembly was fixed to that of 1/’ pipe. It was shown that for bronze discs of
1204 the minimum L.S.P. was given at the stoichiometric concentration, but that for 1004 bronzes the
minimum was obtained at a little lower concentration, For those of smaller filtration diameters and for
stainless steel discs, the most dangerous mixture was nearly 20% hydrogen content. It might be said,
therefore, that the speed of flame propagation was not the only predominant factor, but the aerodyna-
mical movement in flames and/or in unburned gases, produced when passing through a sintered metal

and entering the protected chamber, had an important influence on the flame quenching.
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Nominal Filtration Dia-
meter of Sintered Metal | 120 100| 70| 40 10
£

Metal Particle Diameter

‘before Sintering (Mesh | 840 710| 500| 350 177

Width)*

Tyler Sieve Number 20, 24 32| 421 80
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Fig. { Surface structures of sintered metals
' (upper : Bronze 120 #, lower : Stainless
steel 120 1)
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Table 2 Apparent density of sintered

metals
HEREES B O LN TRE
Filtration | Apparent Density g/cm®
Material | Diameter
u Range v Average
120 4.83~4.91 4.86
| 100 5.07~5.17 | 5.11
Bronze 70 5. 34~5. 49 5. 43
40 5.73~5.82 | 5.77
10 5. 86~5. 94 5.90
120 4.15~4. 39 4.28
. 100 4.29~4. 32 4.31
Stainless
70 4.28~4.31 4.29
steel
40 4.15~4. 20 4.17
10 4.36~4. 39 4.38
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Fig. 2 Test enclosure assembly consisted of
1 inch pipes for both explosion
chamber and protected chamber
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Table 3 Sizes of test enclosure assemblies
BREABOTERS ITHEEE
Explosion chamber Protected chamber
~Assembly _ -
No. Diameter Length | Ratio L/D Diameter | Length
D inch (cm) L cm cm/cm D’ inch L' cm
1 1 (2.8) - 10 3.6 1 20
2 1 (2.8) 20 7.1 1 10
3. 1 (2.8) 120 42.9 1 10
4 8(20.5) 20 1.0 1 10
5 8(20.5) 70 3.4 1 10

*11 g —600mmHg (—760mmHg T #¥HE L LA ¥ T
Fifeotoht, BT —400mmHg X9 E TRk &7
ATHEIEZ NI,
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Gasket (super sheet) -

Gas pipe

Sintered metal under test

Gasket (synthetic rubber)

Orifice

Bolt center

*A Ignition at the orifice side

*B Ignition at the sintered metal side

Fig. 3 Method of mounting a sintered metal
disc in the test enclosures (schematic
cross section)
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Table 4 Quenching ability of sintered

metals for explosions in short pipes (1)

BRAUKEVBEOHELMERE (1)

Py 0

0.5 1.0 1.5

Sintered d

el 2! 6]12{20728! 21 6

12120028 2) 611212028} 2} 6|20 28

, O|ICl 0 @ & @ @
Bronze 1204 SM\y 7ol Aol 1/1] 1/1] 1/1/282/17

o 00 [ 3K
1/1) 1/1] 3/5 2/3 1/1 1/1

t=2.15~2.35 Or[.®| @ l4/13] | 2/2 2/2
Bronze 100#  SM| 57, 0/1 0/15]  10/15 0/15 /1 2/9

e O O 0] O
(#=2.15~2.35  OR 0/2 _ {0/100/15 0/2

e
31 3./3 0/15 1/1} 2/2 2'/4 1/1

Bronze 702 p O OO
t=2.35 0/15 ‘ 10/15/0/15
Bronze 1204 O
t=4.10 0/15
Stainless steel O
120 4 : 0/30
t=2.15~2. 20 | ,
% Position of the spark plug
% Z 7, Position of a sintered metal under test
! 4 ] P; Initial pressure kg/cm? (gauge)
l d Orifice diameter mm
¢t Thickness of sintered metals mm
Protected O No explosion occurred in the protected chamber
Chamber ® Ezxplosion transmitted
(D' =1 , L’ ::20) (Numerics mean the ratio of the number of explosion trans-
. . missions to the number of total tests.)
Explosion SM Ignition at the sintered metal side
Chamber OR Ignition at the orifice side
(D=1, L=10) '

e olct b, @G FOHERTF A LIz LR
o

D=D'=1, L=120, L'=10 D& EE % Table
BT HEBEEIA 7 v v AREOES 2
mm OHDOREEL, BAKIA FRzELTH Y7
1 A E U tee KRB RS S (BN
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WL ARBHNC) D WrRERD L5 k& BRYE
L&, ThEREW%T 5.
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Tkt Ufe ¢ Table 6 X WEER X - Tl
Do 5 DEK LRI LIz 8, WTFhOBAK b
BIRRRIS d=28 RE LI,

4.2 RFREEEELSELIER

HABE L HREROBEEBREET 5 o 0 Ei
X, Table5 OERRE 2 LA UERARR (D=
D=1, L=20, L'=10) #H\TIT leolce BEREE
DEXIL t=2, BRI d=28 Th %,

L 2ERVIEL, 1 BREOERI, o5 A
PR LIRS ED 5 bR EBEDO I ORE
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Table 5 Quenching ability of sintered metals for explosions in short pipes (2)

BAAPEBEOWARMERE (2)

P, 0 0.5 1.0 1.5
Sinte;fgtal d 2 6 | 12 | 28 | 2 |6 |12]/28| 2|6 |12]|28|2 |6 |12] 28
@) O O [ 1K)
Bronze 1204 SM | o7y | o710 1/1 10/10 1711 1/1 171 1/1
_ [ ] [ .
(=245 OR R 1/1 _ |
O O 000 C 06/0 06O 60| @
Bronze 1002 SM ‘ lo/10 ‘ ‘ 0/10 1/21 1/4 2/20/10, 172 1/2 2/200/10| 2/6| 1/1] 2/2
{=2.15~2.30  OR | | | 3./3 |
Bronze 704 : .0%5 83 .
v | ;
$=2. 35~.2. 40 : v 0(/320
* Stainless steel O O O O
120 2 0/3 0/3 _ 0/3 | 0/40
$=2. 15~2. 20
| * means the far end ignition.
1 kAl g ]
(D=1, L' =10)
(D=1, L=20)

Table 6 Quenching ability of sintered stainless steel discs for explosions in the long pipe

BEUPRCBEOLRBEA T v v AHOE R ERE

P, 0 0.5 1.0 1.5
Filtration
Diration d |12 | 20| 28 |12 |2 |28 | 6 [12|20|28| 2|6 |12|20] 28
120 1O | O vV e @) VIOV A A
OR 0/2 | 0/12 2/9 | 1/10 0/10 4/40/10 177 1/2 1/1
—2.10~2. 20 O* O* @*
$=2.10~2. 0/4 0/10 2/10
. ®) O O
704 SM 0/10 0/11 0/10
= ~ O O O. @) A OV
t=2.10~2.15 " OR | 5, 0/10 | 0/10 0/10 1/2 0/100/10
} ' YV O A
40 SM 0/20 0/20[1/12
= ~ O O A A
t=2.05~2.20 OR 54 oit ;e &
104 / O @) A
t=2.15 0/10 0/10, - 1/1
* :

* means the near end ignition.
- W or ¥V means whether explosions transmitted or not, the sintered metals under test being deformed either.
A means that the sintered metals were fractured and subsequently explosions transmitted.
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W\

T 1 (D=1, L'=10)
(D=8, L=20)

— 10 — EEELTEMHERE
Table 7 Quenching ability of sintered metals for explosions
in the cylindrical vessels (1)
(d=28, horizontal propagation)
BRASFEEEEOBAEO AR (1)
) Py ) ,
Sintered 0 0.5 1.0} 1.5
metal :
¥ * %
Steinless steel O O O
100 & 0/10 | 0/10 0/10 |-
_ @) O
$=2.15 /2 | o/i5
Stainless steel |
120 4 82 0%0 o%o
t=2,20
Bronze 704 - O )
t=2.30~2. 35 ’ 0/10} 1/20
Bronze 1004 @ (]
N $=2. 20 1/1| 1/1

* means the central ignition.

Table § Quenching ability of sintered metals for explosions
in the cylindrical vessels (2)
(d=28, upward propagation)
BRASFARASOBaONKMERE (2)

b,
Sintered 0 0.5} 1.0 1.5
metal
Bronze 704 ] v , ‘
$=2.30~2.35 2/5| 1/1 D’=1,L =1o)ﬂ
Bronze 40u O v
‘ t=2.15 0/10 | 1/1 D=5, L=T0)
Bronze 104 @) e
t=2.05 0/10 0/10
Stainless steel v Av
120 ¢
$=2.20 3/3| 1/1
Stainless steel O v
100«
$=2.10 0/10 | 1/9 .
Stainless steel O O
704
£=2.10 0/10 | 0/10

TR BEAWTH sTco HBHBETIIK LI
BE (ZhEI B KENERBRAREET L LT
LT s) HROLFIRIRO XS Lico ETHIE
% 0255 0.5 kg/em? 30 B CHIKTHENZRD
%o W ZDBIKLICEDD B 0.2kg/em? B LAY
FT5A ML, BlkThiEE b 0.28 T 5. 75
KUFhiZ0.1 BELCEIKDOFEEHER L. &

DFEMEOEVE LI & h A—4fCEf5 51k Lk
FHEED & ¥ OMERIEFIKET & Lico MEMC
S\CiE, 100mmHg OFF 7 % 0.1kg/em? & #H24
5 & LCRRORE - BED S E LM

*15 DX 5 HEE, -7« ¥y » TERDBBOF ¢ » FD
K& XOE2FHHBFS step-up and down method &
HAMTITAT TS LEL DN S0
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. Sintered Explosion
2.5 4 \ a : v o A/A ’ °e metal Quenched | Transmitted
v

= 9.0k Al \e / Bronze 120¢ @] ®
S 2 Q}/ o Y 100 A A
Y sl o e O ]
» . 2l Y\a / v 40p o A 4
© o N Stainless
2 1.0k =N
5 . steel 1204 v \4
§ ‘A v, g
5 0.5f x\i
—_— A
R R e
= NG

—0.5F ~—o—3 —

—1.0 : | 1 { | 1

10 20 30 40 50 60

Hydrogen concentration vol.% in air

Fig. 4 Effect of the gas concentration on the quenching ability
of sintered metals (D=D'=1, L=20, L'=10, d=28)

KRBRE & B0 BIR

1EEOEBRERIFEAD LD TH DT, T
RO FLWFHoREEE AWTHEER L, =
DBED B BEER D\ T OEHD 7 A FENL,
1[0 OFER»LE LR o JEF [ KET 0.2 kg/cm?
EMIABE Lico EDLETEIKLILWEEDED
BOREOH AR 0.2 & Lizigssik, 1 BEEETCA
Ty AR X otco 2 BB ORBRTORERED ¥V
FABREOBODOME LFEREC > X 3ET oL

L, JEFIKHEROEEIL3ETH S, 2 BEDOKERY -

BE—IESKENOBEKRE LT Fig. 4 wiRdo 1 @
BOBRIERT 50, HROBRE L OBRNEFI K
EN% 52 3 BERRO RO DEBEC OV THER
ERWTREL—H LIz B LTE L,

5. & £

51 & % E 5

 EEBRGHE X OB KOBFEC X o THEEEO T O
- BBRPCHEEIh D ENERIE AT 5. HiT
FENEHO 2~ EBBTLIERID, BEAE
DEGETTHRDEREHETE oo H—FHCE -
THIKDOHERETHEE, FIKAEDTDOREERS X
CBREAEIOEEAENALNCREBZ LD
Hecxs6x Fig 5 ©RT.

FIKLEBARE KA W CENEERRED 23
LELIERh, BELEBEIILI4E2ELTCO

ENBEpET 55 — 201G bhi, ZhbDHKX
WA L EERTLI TR WA, 2o THERT5
CEEMETEALL, HIOBEANDELDTHTA
12558 E LT WOTHOES® T EEL, Z
SCIXBREI ORI &, RS EO BRRYEEE
CBRT 2B B OWTHR I L ED Do

BEAOERLA vF, RIH0HD X 20cm &
WIEARE, ZhEEFEVI XV LANOM
BEBE LTOBEERL, MABOGBRIERES P
WICD KRKDINERAR DT, BREENO EFITZE
—BDEETHA T T, KEBBREAEETIEN S
CETBEEAE D, FIklE DBRREAAPEL
BeRE O BESHBRA S B, BEREEOW
D EANNE—C ST HEENKRE Vo LI »T
KR L D EDRIRT ADEM I T IKAIDOETTIH
Elis (TheTEMED) EaPIL, Bk
LEBACRNTE, 00 REECOEHNTD
SWBENER LW OIBOENERRARIIL BDhiss
ot (Fig.6 2R)o =D X 5 BEFRCHL Tx, 5
BEOMETLHE D EETIRL, BrMiEIos
EOBZEERTII L o MOKELR U THNIE,

L RETAOFERR N EFSEENRE L, RBET

BB =R A F - HBRE O TRGETELR S R EF
ELRELBTREEAIRTREELDRD, 2O
C LT RTOBREBMC I EN T %o ,
BREMN8 A v FET, PRREBMMBERL A
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In the protected chamber
1. When transmitted
2. When quenched
1
L
=
?
@ . 2
% /h———-
= -
n‘ .
. In the explosion chamber
.E 3. When transmitted
2 4, When guenched
';n'.
e} 3
J ‘
Time

Fig. 5 Comparison of pressure records for the same condition
(Whether an explosion was quenched or transmitted
into the protected chamber is distinctly shown from

these records.)

FESER X 531 KOFEOHES

Do
[
H

Kg/sz
[y
=D
T

Explosion pressure

12k /\
8L..
4_.
O._

In the explosion chamber
(D=8, L=170)

In the protected chamber
(D=1, L=10)

BC 70, t=2
P;=0, d=28

Time mseec.

Fig. 6 Typical record of the pressure piling
WA EER Y AT

EhBBETH-TH, BROBBEELL AV FE
CoOWTER LIz L LIBERLUTH B0 o, L=
700 L ZVRIERM 2 5K AO AR AR &\ (F9360 -
1) 7o, BIKERCIZE KA b s EREI R &
Ciro = DEXFIZITEIE 0, 0.5, 1.0kg/em? wif
LTRORDE 14, 19, 27 kg/em? L\ 5 ¥ — 7 [F
it ot BERREIEFY Fig 6 ©idoe Th
BOBWENRZIF 5 LEFHEIERAANSDTE
WHEWERL, FOEERCEVCPETTA TS

L, B bEWIE Y OFETEKLICrO X 5 TskE
Babs b bicl oo LichioT Table8 Off
BRReMDF— 252550 THY, —EDIFIK
LirnE #4EL EEFTw o THKLHE RO
RANDETCH b0

L, BRI LA vFETRE 120em LWOE
RGO BARIE, BRENI—RCIREEY
R LI F MR- s VEBBTAREDLRWFEH
TR bOREHEMI—ED R E~ Vi EHT L
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12r
’ In the explosion chamber
E 10t (D=1, L=120)
S
M8
&
= 6
n
n
L .
B4
g M In the protected chamber
2 2k (D'=1, L'=10)
2
% 0
e L

SUS 120g, t=2
H 1 J 1

! :=0.5, d=28
0 20 40 60 80 Fi=0.5, 4

Time msec.
Fig. 7 Explosion record showing a delayed pressure
piling in the protected chamber

FEIIER ORI

B, A—&ECORIELTA PEBNTHE LEFORENNE L, BEEGeEELEL 5T LIk

2DEHERL, REERBEHNASZEYELTNSL
LRE R R, EHEIERO GRS DX TEE
e ERNE A B, Bk Ui & o5 kREAIDE L
BOHF» B, 30% &\ 5 BETIRAES 1.0 kg/em?
BT RIEFT PR—va VERIRZREDR D EWE
SRERACAE U TWS LHEETE L, &5 LItHL
WIBSEA R B L B I E B I ETIA I Y,
BER DR - THBEHA DI, Tokd, BE
BT 2 o DI KB EBIETE Lt Lh it FEf
HTLEIKTBBANET D, PR - BHERREE
BELEGRYED, EREOBREFHERLS .
ZORERBBROBECIENERI4AAR DRI
o Eio, BEATAOERING12: 1 THBH,
KR EEEER BN S b b 2 5 LEBRER
oo i, KREBEENRAEL, DEVTEMESH
It oleZ LI X5 EBBEN D, EREISVETT

I ote DT, BEREAOTERR EEH L ETHERMUL
SOBEENC X550 CThH Do IITFERHENTIK
B - TEHB LW DB LATHD, TO
=T 8 4 v FEDOBEDER L PR KAEhRidis
bic\s Fig.7 k ENEROEHREEBERT. Fig
6 L o il bW b X 5, FlKkMle ki) 5@
PR AEND € — 7 ELTOBIRET T 5o 5l
ke L OBE I RO BE O RR & 55 AR L 1
QEFCHhB L EELADES L, HABECHY
BOLODERIEENTNE X5 THDHAE, Thic
SNTIL 5.6 TETFOMBNEEY T %o

Table6 ©R% L 51, BE 2mm OARAT VYV A
LR B R 1.0 C b 7 D R, 1.5ke/
cm? CiRZE A ¥ DEGETTER - BEZET S C
LT E Ve ENCHT 5 RGOSR, B
LBIEE (HB\WITIE) MEBRL, RRLFE

Fig. 8§ Sintered metals fractured by explosions in the
long (D=1, L=120) explosion chamber
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5.2 BEBBOMRHR

FABER X OWER—ZBThIE, »5RIEFT
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WE X Do MAMERIOKEDEEFELEA LT
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2L, EBBIEROKEVEI MEBEE X R &
5o Z D LERBEROAE WG EEEAKOIE
DA BN D & LR ER LT Do FILEERLA
VoW TRERAOES LE-C Lk, RBRE
BIRDAET B ZEEO NS WEE, BBVIFEKIEDOT
SR KK IR BERE BT ESL, =120 T
BAROEENDLBRETTARBEEREL T
%o 1 4 vFERDNYGKERENT ATE, FEHFX

3.0"
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=]
\Q
w 2.0F
]
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o
2
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@ 1.0F
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EELZLWEMIERE

o Stainless steel
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SEX D& OAEFET PR~ v 2 vV HEREE
om LT ThBC Lidbhdr o T BHDT, FROKH
TR BEBREE T DG ERT IV,
Table 3 igRfERD L/D %R Lica, Table
4, 5 L Table6 @ £ & O, »HBH\ % Table?
L sl X, Dn—@chhiE L/ID HEEL
T ILEHETHC ENBE LN THY, KEGCERERE
LNAMRER RO X 5 L TAROBHERY D
%o —7, Table4 (D=1, L=10) % Table8 (D=
8, L=70) % L/D 3.6 L 3.4 DENLETEREL
CRREVTELERETH v, LD H—RBOEHET
DK s (BREMOPBBEOKRKES) & EER

 CHBTENREND, T OERIPRBE LB S

K%Hé%£?7xfﬁ%?%%@ﬁ£kkb5o%
R B oW TIE L SEBRHOBER S 55, HEAE
Br—E L LEBA oW TILERD 5 RIS
h&do

5.3 BEGOFARSLIUME

SIEDEIBO N HIE £ IS RN T LIRHE
K%B#ménfbéﬁ,%ﬁﬁﬁo%émé%%%
S hico #3K30%, FE 1.5kg/em? T

|
=)

10

Filtration diameter u
Fig. 9 Dependency of the quenching ability (Limiting Safe
Pressure) on the filtration diameter of sintered
metals (drawn from results in Fig. 4)
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Metal

Fig. 10

particle '
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Dependency of pore diameters (D; and D,) on the

filling patterns of spherical metal particles;
left : Triangular’ filling D;=0. 155D,

right : Square filling

D,=0. 414D,

BIRBROFTIE A & — v L 2L EOBIR

WTBRARROLYE L T, MFEERCHL
CCREE 2mm OREEGHEOSHE, F 04, 2 7v
VAT 1204 CTHEATE I, ©RRELFAGE
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A= REIED 5 Bo PIXERNE (HERHE) OREWH
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1'5\—° //////////
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N factor
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Orlflce diameter mm
Effect of the orifice diameter on the
L.S.P. (from Table 6)
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Fig. 12 Pressure record suggesting a delayed. ignition
in the protected chamber for an explosion
initiated in.the long chamber
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Interruption of Explosions by Flame Arresters (First Report)

—On the Quenching Ability of Sintered Metals (1 )—

by T. Havasut and H. TurRUMI

Research Report of the Research Institute of Industrial Safety RIIS-RR-21~1,

1~19 (1972
The flame quenching abiity of sintered metals, made of bronze or stainless steel
particles, were studied using hydrogen-air mixtures in the enclosed explosion cham-
bers. Sintered discs sold as filters showed good quenching ability against deflag-
rations of stoichiometric mixture, but they were less effective against detonations
because of mechanical strength. It was shown that the filtration diameter of
the sintered metal, as well as the shape and size of the explosion chamber, had
an important effect on the quenching ability or flame quenching phenomenon.
(8 tables, 12 figures, 10 references)



