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Flame Quenching of Hydrogen-Air Mixtures under

Low and Reduced Pressures

——Estimation of Maximum Safe Gaps for Diametral Clearances——

by Toshihiro Havasur* and Heizabro Tsurumr*

Flame quenching in narrow gaps is not only interesting as one of the fundamental aspects of
combustion but is an important technical background in considering safety practices such as flame
arresters or flameproof enclosures of electrical apparatus for use in hazardous areas.

This report describes about the flame quenching abilities of various sizes of spigot joints. Experi-
ments were carried out with stoichiometric hydrogen-air mixtures for three cylindrical enclosures.
Each enclosure was consisted of ignition chamber and protected chamber, and these two chambers were
connected through the' gap of spigot joint. The internal volume of the ignition chamber was 100, 450
and 1920cm?® respectively. The gap width (diametral clearance) had a range from 0.1 to 0.4 and the
gap length (length of flame path) were ranged between 0.5 and 25mm.

After setting up the test enclosure for a specified combination of the gap width and length, the
whole assembly was evacuated and then filled with premixed gas mixture up to a test pressure. The
mixture was ignited in the center of the ignition chamber through a high voltage electrical discharge,
and observation was made if any explosion occurred in the protected chamber. The highest initial gas
pressure which gave at least five successive quenchings was defined as the Limiting Safe Pressure
(L.S.P.) and used to compare the relative quenching ability of the gap.

Main results are as follows ;

1) For a constant gap width W, the longer the gap length L is, the higher the L.S.P. became,
and the rate of increase of the L.S.P. was larger for smaller W. The relation between the
L.S.P. and L wids complited to be nearly parabolic in so far as this study concerned.

2) For the gap width wider than 0.85mm, it was estimated that any gap length could no longer
quench the explosion flame if initial.pressure exceeded 100mmHg (abs.). This result could be

compared with the reported values of quenching distance (0.5~0.64mm) under atmospheric
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pressure,

:3) For a constant L, the L.S.P. increased with the decrease of the gap width, and this trend was
more distinctly observed for the width less than 0.2mm.

4) The gap width which corresponded to the L.S.P. of 760mmHg was considered to be Safe Gap.
For 100 and 1920cm3 flameproof enclosures, Safe Gap estimated for L=25mm was 0.23 and 0.18
mm respectively.

5) Safe Gaps increased linearly with the length of flame path in the range of this study, but this

relation might be extrapolated up to L=50mm on safe side.
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Table { Dimensions of test enclosures
EREBROELHIE:
Ignition chamber Protected chamber
Inner |[Diametral Nominal s
Chamber Dia- ClearanceLength of IlzcgflﬁrileNl;rgfngOf H|D* @ |yt |pipe L(?lrllagr;}ée?‘f
meter | W(D-d) |flame path gnd bolts diameter
Dmm mm L mm cm8* mm |mm [mm inch mm  |mm
0. 38
0.29 -~
A 60 0.19 0.5~25 100 4 0.6 {10 3 |17 4 105 5
0.08
0.36 .
0.26 ’
B 90 6.16 2~25 450 6 0.8 (10| 3 |30 8 200 28
Q.08
0.37
0.28
C 120 0.19 2~25 1920 6 1.4 |10} 3 {30 8 200 13
0.09
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a) Upward
propagation

b) Downward
propagation

Ignition point
1,4 Top central
2,5 Central
3,6 Bottom central

Fig. 2 Relative positions of ignition points and quenching
gap (preliminary experiments)
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Table 2 Results of preliminary tests

FiEEROER
. Length of Diametral Direction of
Igmtlgﬁamber flame path clearance flame Ignition point mrf;i-Is. (E'bs)
mm mm propagation g
upward *2 325
A 25 0.38 " *3 370
downward *4 370
upward *1 470
" *2 420
4 *3 370
B % 036 downward %4 370
" ¥5 370
1t *6 370
upward *1 565
I *9 300
1 *
C 25 0. 37 ' ,3 300
downward *4 325
I *5 300
" *6 420
Table 3 Experimental conditions determined 1600r
by preliminary tests | o
FIRERC & ) BE LR KSR .
& RURALE 1400 o
Ignition Direction of Ignition .
chamber flame propagation point i
A upward central 1200+
B downward central i
c downward central
E 1000}
TRECFEHEINHIEFIKDETE VL EEZ TEHL :}D | . .
DERD B o ¢ . d
800+ .
8 o L] * * ‘ L ] 9 L
3. RE MR = ,
@ L)
— E‘ 600 I L L ® ® o]
PErdb O AF W ERFORIT L %082 T - \
FEBIKMELRDIHEREY, TR LR DEZRCDOWT }5 T o\. ./
Fig. 4~6 wF& T, BRERO L VELERIR, 75 ™ 400t ‘\: . ./‘;
AT OWTIE, L=26 k¥ 15m, L 22 HTFT e
’ " o Flame transmitted
Fig. 3 Effect of gas concentration on flame 200F - o Flame quenched
- quenching (Ignition chamber A, L=
25, W=0.38, central ignition, i
upward flame propagation) 0 1 ! ] ]
TREBRE & R DBIGR 10 20 30 40 50

Hydrogen concentration (vol.%5 in Air)
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: Quadratic approximation by
1400 - least squares method
] - — —Fitly drawn
| | (also in Figs.5 and 6)
/
1200 - - |
|
, °
- : W=0.08
1000
4
2 _
-]
2
E ’?28— atmospheric pressure
o
w0
-~ 600

400

200
i |
70“ Limiting pressure of ignition
f i { ! {
0 5 10 15 20 25

Length of flame path (mm)
Fig. 4 Relation between Limiting Safe Pressure and length of flame path
(gap length), Ignition chamber A
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Fig. 5 Relation between Limiting Safe Pressure and length of flame

path, Ignition chamber B

FEBIKBIE & A DRITDOEERE (B8 B)

0.5kg/em? &\ S EMECHE ThIE S D EEL
24 A
KosbHELM X5, 2RBEL X CHEY
LABLTH I WEERNBLAYTHDH, 2, 30
HRIL T~ 2 L DENKREL, ThbrF LT, X
DR ERBIE 58 L D EHETH B,

4. & %=
4.1 FBRGOHWCRFOHEXRES (LOg
)

A TRIES [ KE L.S. P. & A+ DIEKRETIHES
DEEL U0, L.S.P. Bkisiz LELLOT
WKL BELIR S W AF L2 5, Fig. 4~6 i

ETRTAUEAEZRLCW2DT, &8 A (Fig.4)
EOWT—REEEEEL Thb,

L.S.P. 3 Lo#EtcohTtEnts, BmoEs
W AN BIREE L, Tibd, Tl
OEIMZ X YV RELBERGREPPRHCTE 30 —H,
W=0.29 & 0.38 TIZZ D X 5 ez BirEHAunii- <,
COZERTWHEDBEERE VWD, LEELKE
RLUTHPRTER] L WS RERDMBIENRD
e (W=0.38 535l x /iET 5 & L=46C
L.S.P.I%760 (R&GE) x5z skixh, Thiz
EREL MO LC—IGKEBRER DB ENTEEL
5CH5o)

W& ke iohid, ROzt oEs T



— 10 = ERTLWRFFFESRYE  RIIS-RR-22-1
800}
2 600l
=
o
=
=]
A g0k
wn
— ° 0
(o]
S W=0.37
200 i O/ /e/
8 —8" —°
{ i I 1 I
0 5 10 15 20 25

Tength of flame path (mm)

Fig. 6 Relation between Limiting Safe Pressure and length of flame

path, Ignition chamber C
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Fig. 10 Relation between length of flame path and Safe Gap
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Table 4 Estimated Safe Gaps for each ignition chamber

=7 « ¥y v 7 OREEME

. Iength of Safe Gap mm
Ignition flame path

chamber Plotted data Calculated value by
mm in Fig.10 equations in Fig.10

46 0. 38 0. 380

36 0.29 0.310

30 0.27 0. 268

A 25 0.23 0.233

20 0.19 0.198

15 0.16 0.163

10 0.13 0.128

5 0.10 0- 093

37 0. 36 0.324

30 0.28 0.271

27 0.26 0. 249

B 25 0.23 0.233

20 0.19 0.196

15 0.15 0. 157

10 0.12 0.121

54 0.37 - 0.328

44 0. 28 0.278

30 0.20 0. 208

C 26.5 0.19 0.191

25 0.18 0.183

20 0.16 0.158

15 0.14 0.133

10 0.12 0.108
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Table 5 Comparison of Safe Gap data reported
=7« ¥y oy TREME L OLE

Length of flame Type of Safe Gap Volume of Shape of Reference
path mm (inch) joint mm (inch) enclosure cm3 enclosure No.
0.28(0.011) 8000 sphere 4)
0. 27 8000 sphere d)
0.22 8000 sphere 8)
Flanged 0. 30(0. 012) 4000 hemisphere 5)
0.28(0.011) 500 sphere 5)
25. 4(1) 0. 30(0. 012) 250 | hemisphere 5)
0. 34(0. 0135) 50 cylinder 6)
0.185 1920 .
Spigot 0. 237 450 cylinder (Ca§z&TZ§g§§
0. 236 100
0. 18(0. 007) 8000 sphere 5)
0. 23(0. 009) 500 sphere 5)
Flanged .
0. 30(0. 012) 250 hemisphere 5)
12.7(1) 0. 25(0. 01) 50 cylinder 6)
0.122 1920 -
Spigot 0. 141 © 450 cylinder (rlenlared)
0. 147 100
Flanged 0.24(0. 0095) >0 cylinder 6)
0. 24(0. 0095) 10
6.35("/4) 0. 090 1920 Thi
Spigot 0.094 450 cylinder (cale lfgt’ggt)
0.102 100
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Table 6 Fundamental design data for spigot joint of flameproof enclosure
DPEESDAF OO R
‘ Volume of enclosure V cm3
2<V £100 + 100<< ¥V £450 450<<V <1920
Minimum length of
flame path 10 15 20 25 15 20 25 15 20 25
L mm
Maximum diametral
clearance 0.06 | 0.08| 0.09 0.11| 0.07}{ 0.09| 0.11| 0.07| 0.08| 0.09
W mm
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Flame Quenching of Hydrogen-Air Mixtures under Low and Reduced Pressures
—Estimation of Maximum Safe Gaps for Diametral Clearances——

by T. HAvASHI and H. TSURUMI

Research Report of the Research Institute of Industrial Safety RIIS-RR-22-1,
1~17 (1973)

Flame quenching abilities of various sizes of spigot joints were studied with
stoichiometric hydrogen-air mixtures on three cylindrical enclosures. For a certain
combination of gap width (diametral clearace) and gap length (length of flame
path) the Limiting Safe Pressure, initial pressure of gas mixture which gave at
least five successive quenchings, was determined to compare the relative quenching
ability of that gap. Limiting Safe Pressures could effectively explain the quanti-
tative influence of gap width and/or gap length on flame quenching in such gaps.
From the results of experiment Safe Gaps for flameprooof enclosures were also
estimated. (6 Tables, 10 Figures, 8References)
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