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Explosion Characteristics of Mixtures with Air of Propane,

Ethylene or Hydrogen
— with Special Reference to Testing Method for Flameproof Enclosure
of Electrical Apparatus—

by Toshihiro HAYASHI*, Ryuji TANAKA** and Katsuhiro SAKANUSHI***

Explosion characteristics of mixtures with air of propane, ethylene or hydrogen are studied in three
cylindrical vessels of the same length/diameter ratio. The flammable mixtures are ignited at one end of each
vessel, and the maximum explosion pressure attained (Pm), the time to attain the maximum pressure (4,)
and the average rate of pressure rise (Pn/t,) are determined for a wide range of flammable content under
atmospheric pressure ; further tests are carried out under elevated pressure conditions for hydrogen-air mixtures
only. ‘ '

The general tendencies of Py, £, and Pn/t, in relation to flammble gas content are those as predicted, although
their numercial values have been scarcely reported except for _maximum pressures for nearly stoichiometric
mixtures. Pressure rise time (£,) can be related to the size of vessel, and the present result shows that the
equation proposed by Zabetakis for the prediction of £, may nbt be applied to larger vessels, even when
stoichiometric mixtures of saturated hydrocarbon are ignited at the center of spherical vessel. The prediction
of &, for such gases of higher burning velocity as ethylene or hydrogen may be often desirable in practical
situations, and thus the relation between %, and the distance from ignition source to vessel wall is formulated
for several mixture compositions. o

Effect of initial pressure (P) on P, is determined for thé hydrogen mixtures, and B, is always proportional
to P, irrespective of hydrogen content. Some statistical treatments lead to a conclusion that the prediction
of P, is possible for a wide range of hydrogen content and for the 'variation of initial pressure, based on
a few tests made with some selected compositions under atmospheric and elevated pressures. Pn/#, proves
to be proportional to Py, thus to B, which implies that the dependency of #, on P, can be considered negligible.

The results of these discussions are applied to compare the characteristics of flammable mixtures specified
in the IEC standard to be used in the tests of a flameproof enclosure of electrical apparatus.

Keywords : Gaseous explosion, Conbussion characteristics, Explosion prevention, Electrical apparatus.
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explosion in a closed vessel(schematic)
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Fig. 3 Explosion characteristics of propane-air
mixtures (atmospheric initial pressure ;
20-inch vessel)
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20-inch vessel)
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Fig. 4 Explosion characteristics of ethylene-air

mixtures (atmospheric initial pressure ;
nominal diameter of vessel is affixed to
each curve)
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Table 2 Explosion characteristics of mixtures with air of propane, ethylene or hydrogen

Fansy, IFLYRUKROBRREEE
Nominal dia. | 4.6% propane 8 % ethylene 6.5% ethylene | 30% hydrogen
of
test vessel Pu | Pa/tm Pn Puo/tn Pn Pn/tn Pn Puo/tn
4 inch 6.9 197 7.1 263 7.4 389 6.1 763
8 inch 7.3 101 7.5 129 7.8 200 6.6 550
20 inch 7.0 45 7.1 65 7.6 101 6.3 274

Note : Pm and Pn/tm

are shown in kgf/cm? and kgf/cm?/s respectively.

kef/cm?/s
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Fig.8 Effect of hydrogen content and initial

pressure on maximum pressure attained
AE—LERBETZAORERUVHNELREX
EHomRE®

72EE e L TNE, ERFREICOWTRAOTOBEE
APEBLNS, Fig. 8 (a) DEHRIZIZH LR LD
FHEERZEAZLDTH DD, 204 Y FBHBIBITLE
BEE LR —BT2ZLicBRELZW,

44 > FEBRNBAKCOWT L REDFEHET PP,
—KRBENBERIMMBER Z LI TELD, TITik
WD FEERAR BP0 En8fvF i+
BRIBITD PoEANESO I ARBEICLL L V—
EEEAZEEICICERL, FREINTA ALY
HDBEMFEHEL KD (AERTIZL.09TH-72), 84
YFEBRICOVWTRIROFEIC L D KD 2 P, (Fig. 8
(@) DEMBICHELTZ) 2 ZNFEHLTENET S,

EXELLMEFHMEHRS RIS-RR-85

101 .

) 6 | 4
<
g
= " 1=
™~
I
S
4+ 4=
o 12.0
oL . _ 1000a/b L5
* e v $ T i T e
A 1 A i Il A 1.0
10 30 50 70
H. vol.%
Fig. 9 Effect of hydrogen content on constants

in equations which approximate the
relation between initial pressure and
maximum pressure attaind

(for 8-inch vessel ; refer to equation
4
;)EtﬁkEﬁmBﬁ%%ﬁ'\Tiﬁﬁitmiﬁ
& KREIBE DR
(81 FRE|NFE ; N)SH)

Boni PoE#EAL DD Fig. 8 (b) OHEIHEETH
D, ERELR—HEL T3, Zhid, TRIERDE
BEERCABSOTRBIRIZOVTIR, ZOOKEED
BRUbBBPTCORKRKENNIZAZREICLL W —
EETHLLALZLTLINILEEKRT 5,

Z I LzFkiEvE, @B iEnsz&tesiy
HOHMNEERS L LI, MO REBEALEGTICBITS
BREADOTFRLTERTH 25, KEUSNDT A~DE
AEICOWTE, EBRND 2 WIERTIFHLRET IR
Thbd,

Kiz, AEREICRIZTHEOHEICO>WTHENS,

S D ADREEREL, EHSHT BEFENNS
WZEDPHLNTWBEY, KE—ZERBEETADKEEE
EyESCELTwEL, o, BARHRT2EETS
KROFEEELVREEE BT 2 L THE, H2E
HHOBRICBIT5RERM 4,12, KFBEIFELTH

TR E b w—EEE L D, L,=—F ¢ L TRME)

FRATHIE, BEEE Pn/ tal3RAD & IWEFTE



TRy, TFL Y RUKENRIRRIE ) Hg

2. 7L, h~hIEBEKRREL L BERTH D,
Pn/ ta=hPa=hP+hk ' (5)
sz L i, KFLBTIE i3 Be & bicsml,
KEZEGAR T LRI LA A LN, KEBEH15~60%
PEFETHETEDBIRIE—E L A tr > 722%, Pik B 1

110
8
&
<
A o)
6 2
4
o
12
A 1 ) S| 1 X Iy I 1 0
0 100 200 300 400 500

Po/tn kgf/cm?/s

Fig.10 Relation between average rate of pre-
ssure rise and maximum pressure
attained
- (for hydrogen—air mixtures)

REEE c/RXEHOBER

DEBIIAE (, BLA—EEESLTIZS 1BETH
72, Fig. 100, IR EERDIRA A 212 V> T R R &
BRENOMEERL b0 Thb. BOEEEIIEH
BT A RAZRFICE ZEPREH LD TH B
5, EBOHEIEL T Pa= 00 X P/ t,=0 &
VO EHEMRTh D, (EERBMERICE T EERD
BEIWT 5% DT IE b 205, =5 L EREEI
KRZEBEIZ P LLY ELALN, LT PIZE bW
BCHDEALLTLE VLS Thb, 27, FERE
ERKENZOTALWECKEIT S EBLNBDT,
RIERE L RAEN % 2 NI TR 42 = Lot
TELWZELHLPTH S,

4.4 BHIRMBRORET E~OISH

BB Ticik 722 oWk Hic, KE—%
R[BEETAZ2RACTHENRKRES L HEEE 2 R
HB5icl3, KBRE L WEZ BTGB LEH»SH 5, IEC

—9—

HBICEDDL46% 7 HbE8%TF L L
ZNBREBEERIKERRERR, 0%%2H LT 55HEH
ic—2FOFETEIETTH B, LrL, EBRLALE
BBETHD4%ICBWVTL, LEOT o RO F
VYBAET AN PICHETARRENRBLI LT
i, BFEREFFENELNIZEPICKRELSLLNT,
WY &I REE Lo, REBYRANDBREEL2ZE
AN, KBEBRICOW TR L 2EREUTIRTT.
Table 22 RT = F L 8% RSN BREEEL T
THRKRBEIROIIICLTRDA, 1221344 F
BRICBWTIL, 8% F Lo Pid7.1 kgf /cm?Th
b5, Fig. 1004 4 » FRBIINT2EERICBWT

600 [~

500 Pn=17.1

400

kgf/cm?/s

300

200

Pu/tn

100

AT T TS N S T WU I A I |

- 10 15 20

14}

H: VOl.%

Po=T.18 L7225 P/t KD D, TR, Po=
715 %5 L EDKKBE L FEEEOBFRIRE 5.5
BRIZOWT FED P, 2185 b0 KFRBE L AIERE
ENMEEREE LR S 1% s, ZORIZBWT,
FNFNOBEBRICBT S 8% F L > DREIRE & £l
BoOTEEROUE, TNEFNOBEBIIOVWTHENE
HrHRET 5 KRBEFELN L (HFOBERSR), =
DBEREBNOKREIVRU->TLRILEL X3 TT
HoY, BLNIFERIE, FHENKE (X BIEIZIE.S,



14.7RU15.0% Th -7z, IECHRB TR F L v BEI
L 8 +0.5% L FFRELEDHTWBE I L #EET I,
INERENBEREESZ2BEL L TKRISRER
ATZELTLERENETER LW EER B, KEISKIC
B AWME L BRRKENNDEMMENBEIZ, 41> F5%
TIER6), 84 »FEB TR L NELS NS D,
INLARIZ P=600% ALz L&D P, #0%F
P,=0.00535P;+3.92 (6)
P,=0.0055P;+4.07 )

N7.1RU7.4 7%, Table 2I3RTTF 1> 8 %iRA
HAD Ppb T AEE LSS, ZDZ ED b, 15%K
R—EREA ﬁxmmréﬁﬁrinﬁmMmﬁgmm
1RBAE 8% FL VBANA FIERKRE) LizH
%mﬁ%ﬁﬁémfthéo

BN FEIC L N4.6% 7T 0 v L AENBREE 2
TYKRBELZ KD EZA, 4, 8RU2W0A > FER
IZDOWTENZFNIL.6, 13.5R1F13.6% & % - 72T,
UBEFFENBEL L1z, KEUBIZOWTHEREIZ
LT Fig, 9 2BWTHEELBREANOBE L2 RS
72e MIEEBRENNOMBGEZz ERCENEEL L E2NE
PR EEKIZ, KRIBEL% E1ISBDOETIZBEICLY
EREICENT 2 & A TL v (Fig. 9), KE10% &15%
23 B EMY o, WEESIC L D UBIHT IERY
Kevf kR, WIE L BREHNBEFER 2R TEMRITK
DLW,

4 4 v FEBIZOVWTE Pr,=0.005P,+3.6

84 v FEBZIOVWTIE  P,=0.0051P+3.8
nbnRic P=6710% AL TH 5N 5MEIE, Table
2070 D P liE ALELVIES T, HER670
mmHg & L 72 U%kFE—ZERBET Z134.6% 7 0t
—ERBAVT A LEAENBRFEERTEEZELILNS,
IEC #BICE S 5 R BE N BB O RRIEE
RE %, KRZT 2 CEMNCT ) BoRBREER
R IeKE o2, 29 LB BRROBNE
BEHNAEZRNRELTWBZLICEESRIE LTV,
ME:2EOKE—BRBEETAICEXTEHFER2 LS
A3, FRICEMECHELTIHEl THOMbEZ
LN T, TORErHERT O, WRECE
LWHHESERICMb S L) ikthidi b, LArL,
EEiCE, BERBBOFRITLTBHTIILL, »D,
— I IR R EAI N -RBREACEREINLD
T, BBICMbIBTICOWINEEBIIERTH 2EE
PENEBbNS,

EETEMEIHERE

RIIS-RR-85

ojy

5. ¥

FEHRERPOBATADBRFRICOVWTHRLES
lzh, REMLTBRET A THE T u vy, 2FL X
BAKREEREDBETAILDONWT, KREENRELL=
BOMBERERAVWTERL 2, BEVANME X
REIREROBER, INL0RIHFRAESN, FER
R OCFHAEREECRITTRERS, N5 0BREHE
HEMOBEYE, FICRFRNOKE S L BREENBR
DWW, RO T Eh > S DHREELN
2o X1z, “HEHEDBATANEDNLE S HEGETCRLE
BREBUEZTRILEERNHSZ L ZHTH LY, FHT
BIHESBEENERBRORRFERICHET 2EH LD
RIE#HIE L THREL, WEFKEEN 4L .6% 7 s>

—BRRUVS%IFL>—RBEEHT R L AENBRE
B2 RTRE—ERBEVANEML, FREN, BE
15%, #¥IE600mmHg K tr, BE14%, ¥E670mmHg (&

Bz vol%, BRIy —YE) THoZ 2B,
(RBFN604- 5 H 7 B-%3)
SR
1) HOSHR, BEF 25, 6), 103 (1968)

2) WwOFEH-NNTREER, T£T¥5, (3), 230(1966)

3) FEEEERLMEIRMIES "THERLHEN S
fest (& - BAHHR 1979)7

4) International
Publication79-1,

plosive gas atmospheres, Part1 . Construction

Electrotechnical Commission,

“Electrical apparatus for ex:

and test of flameproof enclosures of electrical
apparatus” (1971)

5) BRFZER - Ak FE, EEXLWR
RR-18-3 (1969)

6) REmE—BR, MK, p.127, BIHBIE (1976)

AT e



