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Abstract - This study measured the ignition limits of methane-air, propane-air,
ethylene-air, and hydrogen-air mixture gases by discharge spark of D.C. power
resistive circuit. The used experimental device is the IEC type spark ignition test
apparatus, it consists of explosion chamber and supply -exhaust system of mixture
gas. Mixture gases (methane-air, propane-air, ethylene-air, and hydrogen-air) were put
into explosion chamber of IEC type spark ignition test apparatus, then it was
confirmed whether ignition was made by 3,200 times of discharge spark between
tungsten electrode and cadmium electrode. The ignition limits were found by increasing
or decreasing the value of current. For the exact experiment, the ignition sensitivity
was calibrated before and after the experiment in each condition.

The ignition limits were found by changing the value of concentration of each
gas-air mixture in D.C. 24 [V] resistive circuit. As the result of experiment, it was
found that the minimum ignition limit currents exist at the value of methane-air 8.3
[Vol%), propane-air 5.25 [Vol%], ethylene-air 7.8 [Vol%], and hydrogen-air 21 [Vol%]
mixture gases. For each the minimum ignition concentration of gases, the relationships
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between voltage and minimum ignition current were found.

The results are as follows.

- The minimum ignition limits are decreasing in the order of methane, propane,

ethylene, and hydrogen.

- The value of ignition current is inversely proportional to the value of source voltage.
- The minimum ignition limit currents increase sharply at more than 2 [A]. The reason

is caused by overheating the electrode.
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Fig. 1 Schematic diagram of ignition test
apparatus for explosive gas

B Ay AH23 [ECH BEAHI AERAAE
IEC Publication 79-3(Spark test apparatus for
intrinsically-safe circuit)e] T3 A& AL
2 BE g4 go AFHEI 29 e 29 2%
2o Zurgyiel AAY 2R E MA EF
7t2el 53 2 w7)AEes A JE F ok

Zurge W43Ho] of 250 [er]2A EEt
g 743 dolx ZHoE ¥ 7UFAE H
A7 5oz FAHS glen, o WY HAF
27 5o ded FFe AR 02 mlY B
Aad(W)ezs ArzZtg e F&% ul BF ol
I8 A= dxu &3 289 HYF F
(£ 2 [mm], 2°) 2 (m))e] A& FI=FCDHY
dsoz ¥ gt}

Hagdo] nAHA e FEBY AAE5H
Fleg 9uAdAZe FAd=e 42 80 [rpmlst
192 [rpmle} £E=2 ubd] "oz Idsin,
& FAH Alolo] ANFIZE HE3H FHAHA
FH H2uMde Eo] JAZ =g BAY
H&sdA MAlELo] LA

Haelde O Bol Jl=E Yo e F9
FMA LEE nAHY Jorz HIF9 3
AZo] HAFY "t HAdHNe HA =g
AW YF R HEFY 1 JHZ Fl=F o
#eo EUH grdHde B2 A2 FEFE 74
bl ol e EoA da ME EoX F
A &2 oF AL FAHsE JI=EY o
z9] oot A2 dojx WATH

F AT (G2l Mz =g gl FdFd
MEsEs gardide] Jl=ge FHAE o)F
zdgs o 25 [cm/sec]ol AR E2glMde] 3}
CEY 4dFAH "ojxy UYZPE B2AAY

gab28ts A1E Al1E 1997d 129

T o Clamping screw

_—— Prossure piate
Qamp
Conuact hoider . Chamber
Contact wire ]|
I B ‘) — Coniact dusk:
Ellit I 2%
Basc - plaie ! Rubber seal
I 2l ”
Gas outlet ~ T ! Gas indet
- —— Gas i
I {7t ‘
Insulated bolt H;\;Ed, ‘ ! i E' Insulated beanng
Current connection; ; B TET B 2ﬁ3 ,‘:ﬁl anve
Insulaung plaie oy R : E CON M 5 5
%‘ | T Y insulaied couping

i Dnvemowr wits gears 80 irevmin

i
Fig. 2 Detail diagram of explosion chamber
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Table 1 Specification of gas analyzer meters
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Table 2 Specification of power source
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Table 3 Calibration gas and current for

ignition sensitivity

2 A3 = BHAF

3 7 5% [Vol%]| [mA]
e-371 £t~ 83 110
T2g-37188t2 525 100
A A-FI &7t 78 65
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Table 4 Specification of gases
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Fig. 5 The Relation between gas concentration and minimum ignition current

(DC 24 [V] Resistive circuit)

gZshasts A1 ALZ 19979 129



10

—— 60 Vol%

—&-83Vol%
—o— 11 Vol%

LT TIIIT

Minimum ignition current [£

0-01 L L I 1
0 50 100 150 200 250
Voltage [V]

Fig. 6 The relation between gas concentration

10
by

. {

p \

c

s LR

3 ! =X ——aDvoix [=
5 - —m—525 voin [
= ) [
E’ —r—80 Vol% | i
g

HA N =
=3 . ——
= —

e ]
0.01 . . . - 3
0 50 100 150 200 250
Voltage {V]

Fig. 7 The relation between gas concentration
and minimum ignition (methane gas)
and minimum ignition (propane gas)

10
=
- y. N
p 1
=4
e LA
5 1,___|:__‘__~__—,
o _‘ D ———— |
c
Q.
‘€
o2
g
g0 =
c
S — e
—
0.0t - . — !
0 50 200 250

100 155)
Voltage [V
Fig. 8 The relation between gas concentration

o) &8} 111

10
: i
<4
S5 1 =
2 53 ——10 Vol% g
c \C
2 ﬁ—.‘__ 821 Voix [
E, —8—35 V oi% :
g
g0 D
£ — — il
= i
. _
—
0.01 . —— - -
0 50 100 150 200 250
Voltage [V]

Fig .9 The relation between gas concentration
and minimum ignition (ethylene gas) and
minimum ignition (hydrogen gas)

=
o

. - ratrere83\H%

-+ rraeb5 W%
-+ ehlere78\W%
-8 hyakgn 21 W%

—

Minimugg ianition current [,

Qo
0 D 10 iy a0 2
\dtze (V]
Fig. 10 Ignition limits of low voltage resistive

circuit

3l

AAE % 2 [Alg doW W2y AFol 3
g2z 2 (Al ¥ A4 €5 wAsE
of We HIAFA ot A 4%61’30
23 HgAz dddd

EAGD HEZH/2E HdAY A4S At

Feol A7) qE Fage gtz FH,
A, AF 2 Fael 2r el me 2AHA
B ARIRAME dREE nHsd AL
200 [VIolal, HfFe 2 [Alolslrl ZEd e

2 Q7.

4.3 =2

2 AFNNE YR A 2Eo] o

KIGAS Vol.1, No.l, December, 1997



112 AEgH 2] NAER g Zy 7t FHPA B 4T

HaFAE v, T, ddd @ F2128
oz sto] APHog ngsigon AYs
Wen 488 53 o2 2& ZEL A4
o z3, B Anes BAQAEEY A9
A g 7282 E8° £ Y Ao
Atz €

1 2438 AE= e, =29 JqdEd, $i
7t EAHE ol RA AdFoze ddEd
Tha7b ey Fartae] Ao Fd A
e RS ¢ F 9

2. Az AHEE YA T
ddoloz H3AFe AVE ALY =)
of vl H QA EA4S vEpd
- 3. HIPAE AL F 20 [VIolste] ol
e HadgAdA87 2 [AlE dodr 3l
A TMel FF3] Aedlgen, o FHfoe
o5 AHEZ e HIFAS oz A
F Bd @] X399 FssAelng gzt
&

P

Fol Waste] 2% F719 WAL A4S
¢ ez Az

4 BALH BEA7A2E 4A 2 AHY
A4 ARHZAAE HEE 200 [VIelsh, AF
£ 2 [Al]3e) M7t HES s Aol uy

[«3
-

1. o]&@F, “ 9tadAAHAY", JpAaA,
1997/1 - 2 - 3, pp. 12-15, (1997).

2. IEC 79-0, "Electrical apparatus for explosive
gas atmospheres-Part 0 : Gener requirements”,
(1983).

3. IEC 79-11, "Electrical apparatus for explosive
gas atmospheres—Part 2 @ Intrinsic safety”,
(1983).

4. o)&3l o, “FEAY it #E AF
(1), &= 71Ad+4, UCN1 99-1328 - D,
(1990).

5. ol&38 9, “IEAIY Hrhte] #F AT
()", gt=t 71Ad+4, UCN2 34-1481 - D,
(1991).

6. Magison and Emest C., "Intrinsic safety”,

Instrument Society of America, Printed
in the United States of America, pp.

g7 ~8rE Al AHlE 19973 129

66-71, (1984).

7. HPRE=, “AEZZ BEER BRCEHTA
AR, EEL2HEAT, (FBF 45).

8. Fenn. J. B,, "Lean Flammability Limit and
Minimum Spark Ignition Energy”, Industrial
and Engineering Chemistry, Vol. 43, No. 11},
pp. 2865-2869, (1951).

9. Lewis, B. and G. van Elbe, "Combustion,
Flames and Explosion of Gases”, 2nd ed,
Academic, New York, Chapter V, (1961).

10. HE—, WEBLL, “Tusxr, 2 FLR
UAKRNBRBEFH IR, EEL2HICH,
RIIS-RR-85-1, (1985).

11. Bartels. A. L., "Ignition Energies of Methane
-Air Mixtures as a Function of Electrical
Discharge Type”, IEE Conference Publication
No. 134, London, pp. 148-152, (1975).

12. HPEZ, “HRYBTECE 2 REKED £
X UBUKIBRICOWT ORI, EELZEH
ZEHT, RIIS-RR-14-3, (1966).



