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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 Hayasur* 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
ERRRE O
Ignition chamber Protected chamber
Inner |[Diametral Nominal s
Chamber Dia- ClearanceLength of Iri;c(?lrl?rileNl;r;lt;bjgs()f H|D* @ |y ¢t |pipe Lc?lrllagr;}ée?‘f
meter | W(D-d) |fame path gnd bolts diameter
D mm mm L mm cm3* 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 0.16 2~25 450 6 0.8 |10 | 3 | 30 8 200 28
0.08
0.37
0.28
C 120 0.19 2~25 1920 6 1.4 [10] 3 130 8 200 13
0.09

T %L=25
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Fig. 2 Relative positions of ignition points and quenching
gap (preliminary experiments)
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Table 2 Results of preliminary tests

FliERBROER
Ignition Len%lt:lm?afpath Dlamiizlrance Dlilit:;&on of Ignition point L.S.P.
chamber mm i propagation mmHg (abs)
upward *2 325
A 25 0.38 " *3 370
downward ¥4 370
upward *1 470
" *2 420
It *3 370
B % 0-36 downward *y 370
" ¥5 370
1 *6 370
upward *1 565
" *2 300
C 25 0. 37 ! 3 300
downward *4 325
4 *5 300
" *6 420
Table 3 Experimental conditions determined 16001
by preliminary tests R
FHRBRIC L D BRE L e kSR HE T S
LKL 1400k .
Ignition Direction of Ignition .
chamber flame propagation point i
A upward central 1200+
B downward central i
C downward central
"¢ 1000
TRECHMERBIEFIKFETRI EE 2 TH < i . .
DERD 5o ¢ . d
8001 .
° L o o a o o
3. ERER é I ' .
£ 600} )
MDD RO AF W L AFORT L %052 T ~ vt * 7
FEFIKIEE RDIAERE, ThEROBERIOWT é T o\. _ ./
Fig. 4~6 wRiT. BRERO VELEKE, 55 = 400t ‘.. /g
ARDWTIE, L=25 D & 15E, L K220 LT O O
’ " o Flame transmitted
Fig. 3 Effect of gas concentration on flame 200r - o Flame quenched
- quenching (Ignition chamber 4, L=
25, W=0.38, central ignition,
upward flame propagation) 0 i ! | ]

IKRIRE & M EMEDEIR 10 20 30 40 50

Hydrogen concentration (vol.% in Air)
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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
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Fig. 6 Relation between Limiting Safe Pressure and length of flame

path, Ignition chamber C
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Table 4 Estimated Safe Gaps for each ignition chamber
=7« Fyw TOHEE

. 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
T 7 Fy oy TREME L O

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 7)
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¥i&TZ€2§§
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(Y/5) 0. 25(0. 01) 50 cylinder 6)
0.122 1920 .
Spigot 0.141 450 cylinder (ca§ZJ?;§gg§
0. 147 100
Flanged 0- 24(0. 0095) 50 cylinder 6)
0.24(0. 0095) 10
6.35("/s) 0.090 1920 Thi
Spigot 0.094 450 cylinder (CaﬁiJTZQggg
0.102 100

LOBETERLTLEL OB L. Sbhic, HA
KL L L=25 DBH{ORE IvFEEcThig, L
NIVPIWBEDT - X BB TR L CERRE
LB B LA Sh, L>30 monCOEEYEE
B EDNERA LD RA BRMEIR R v 7o s,
L=25 DL EOHBEELRELEECFigdnxs
72 L.S.P. & L pBRERDIEFTHIE, b5 Wi
DWTOHEIILAE 25 DLEDTmy FEHRLEL
T, L>25 Ciz T, L<25 cix Ll Ehnb
THTOBEHL, »oROMERKCEST 2 L8 F4E
Eh3,

Table5 ik z h ¥ THEI N T BERDOE D)
ZRLICe ThHRWTRLFE 7 5 voEah bl
HBAFERRLELTWBEY, EREGNBOBDRE
BRPPOLTHEEHIVW—FER L CTE D, *
72, DD EEEOWTORBFOEEIL S FWET

BB LB, TD 5D Jones BNL, HKAE
BHRLTE 77 VvOORMAMMET,2~7 - Fr v 7
RRECREEBETED, KEAGBBEEOKRE WK AT
BRAKMEEDEEIERATELS THB, ZhieEHR
DFHEROBRELE 2 b¥D L, BRPLEAKD
F—RZR—RCHEREEETHEELDNRS,

4.4 THEMIBREEOKBIOLHELOME
R

4.4.1 RFOFHE

AR 2,000cm® LITFC, RELBEOHSHED
KELBVWHABABRDOIDH W EETEB T AF L
A DRITORGHER, BTHEHOZE 2 F it 2 &
Tableg D=L {cind, ROAFOAEX (BKE
RE) X, Figl0 7wy v W OED 1/2 55 3%
e LEThD, AFORELCORENT



KEEGERY A O KK BERFE — 15 —
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
BRETHZENTE B TR BT HEER G LT BET 5 & HEH

Ak IEC & ik, 11 b A L Tz e,
AENAREN 500cm® LIT ClIHEAERZ 0. 1mm,
AFORPER 9.5mm, 500 %= % 6,000cm?® LT
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{ED H% i3+ hus Table 6 DfEIL 7o b 4B L
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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.HAavAsHI and H. TsuruMI

Research Report of the Research Institute of Industrial Safety RIIS-RR-922-1,
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, 8 References)
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