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{1 Explosion vessel ) City gas bomb

@) Pressure sensor ®) Oxvgen homb
) Pressure gage @ Nitrogen bomb
@ High voltage transformer 10 Amplifier

) Vent valve ab Oscilloscope
& Vacuum pump 1@ Computer

Fig. 3 Schematic diagram of experimental apparatus.



Photo 1. The picture of experimental apparatus.
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Photo 2. The wave ploted from the analogue oscilloscope.
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Table 2. The explosion pressure of city gas at 0 kgr/cm2

max. explosion

explosion pressure

explosion pressure

oxygen
| concentration (%) | pressure [key/on] | at LEL [kes/ed] | at UEL [key/enl]
21 6.3 1.1 0.7
B | 53 05 08
15 4.8 04 0.6
13 3.5 1.3 1.5
12 05 -

Table 3. The explosion pressure of city gas at 0.5 kgg/cm2

oxygen max. explosion | explosion pressure | explosion pressure
concentration (%) | pressure [kg/cn] | at LEL [kgvew] | at UEL [ke/or]
21 9.5 1.1 0.6
) 18 83 0.9 08
- 15 o 7.1 7 0.8 0.6 |
k 13 5.17 0.8 0.5
o 05 Ll -




Table 4. The explosion pressure of city gas at 1.0 kgf/cm2

oxygen max. explosion |explosion pressure | explosion pressurei
_concentration (%) | pressure [kg/cr] | at LEL [key/er] at UEL [kgy/ar]
21 12.8 0.5 0.4
18 11.8 0.7 0.5
15 9.3 (0.8 0.6
; 13 6.6 0.5 0.5
12 0.6 - -

Table 5. The explosion pressure of city gas at 1.b kgf/cm2

oXygen

max.

explosion

expiosion pressure
at LEL [ker/cn]

explosion pressure
at UEL [kgy/car]

‘concentration (%)

pressure [kgy/cn]

21 16.7 06 05
T O 146 05 06
‘ I5 nr 06 06

13 77 o 05

12

0.6
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A Study on the Explosion Characteristics of City Gas

on the Change of Pressure

Sung-Tae Park
Dept. of Safety Engineering, Graduate School of Industry,

Pukyong National University
Abstract

To examine the characteristics of the explosion of city gas, the concentration
of oxygen was changed with the change of initial pressurc and as the result of

the experiment, the following conclusions were made:

1} At the concentration of 219 of oxygen, the explosion limit was different as
the initial pressure of city gas was changed: the explosion limit was 4.9~

15%, 4.9~155%, 4.8~16% and 4.7~16.5% when the initial pressure was 0,

(.5, 1.0, and 15 kg/oen’.

2) As the concentration of oxygen decreased the lower explosive himit showed

a mere change, but the upper explosive limit showed a rapid decrease. The



minimum concentration of oxygen for the explosion of city gas was 12% at

every pressure.

3) The maximum cxplosion pressure of city gas was 6.3, 9.4, 127, 16.7 kgi/ont at
concentration of 9% of city gas when the initial pressure was 0, 05, 1.0, 1.5

kgi/on.

4) The maximum explosion pressure rising ratio of city gas was 245.63, 354.90,

42788, 564.69 kgyar - sec at the concentration of 926 of city gas when the

initial pressure was changed to 0, 0.5, 1.0, 1.5 kgi/on’.
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Table 1. &2 0 kef/or 2 A aFE 21%cAM XA =
exp.No. | Nz+02(vol%) | city gas(vol%) | total Dr;‘;zfl e | Tesults
1 &4 16 100 0 x
2 34.8 152 100 0 x
3 849 15.1 100 0 X
4 &5 15 100 0 O
b 86 14 100 0 (@]
6 87 13 106 0 C
7 85 12 100 0 O
8 &8 11 100 0 Q
9 90 10 100 0 Q
10 9l 9 100 0] Q
11 91.5 8.5 100 0 O
12 92 100 0 O
13 a3 7 100 0 O
14 94 6 100 0 O
15 95 5 100 0 Q
16 9.1 4.9 100 0 O
17 95.2 4.8 100 0 x
18 95.3 4.7 100 0 x
19 954 4.6 100 ( X

O explosion

XD non explosion
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Table 2. ¢F& 05 kgf/ont 2 2AE X 21%0lA s A5

test

exp.No. N2+02(vol2%) | city gas(vol%) total pressure results
1 &4 16 100 05 x
2 84.3 15.7 100 0.5 x
3 84.4 15.6 100 0.5 x
4 845 15.5 100 05 @
5 85 15 160 0.5 O
6 86 14 100 05 O
7 &7 13 100 0.5 O
8 a8 12 100 0.5 O
9 89 11 100 0.5 O
10 90 10 100 0.5 O
11 91 9 100 0.5 O
12 92 & 100 0.5 o
13 93 7 100 05 O
14 94 6 100 0.5 G
15 95 5 100 0.5 O
16 95.1 19 100 0.b O
17 95.2 48 100 0.5 x
18 95.3 47 100 05 x
19 954 4.6 100 0.5 x
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Table 3. ¢4< 1.0 kgf/en

o A

s 1

Frg s 21%0) A

AlE =

exp.No. N2+Q2({vol%) city gas(vol%) total or ég;’:ﬂ_ e results

1 83.5 16.5 100 1.0 x

83.8 16.2 100 1.0 X
3 83.9 16.1 100 1.0 x
4 84 16 100 1.0 O
5} 4.2 15.8 100 1.0 O
6 345 155 100 1.0 O
7 85 15 100 1.0 O
8 86 14 100 1.0 O
9 &7 13 100 1.0 O
10 88 12 100 1.0 G
11 89 11 100 1.0 O
12 90 10 100 1.0 O
13 91 9 100 1.0 O
14 92 3 100 1.0 O
15 93 7 100 1.0 o
16 494 § 100 1.0 C
17 95 0 100 1.0 O
18 95.1 4.9 100 1.0 @
19 95.2 48 100 1.0 O
20 95.3 47 100 1.0 b
21 9h.4 4.6 100 1.0 x




Table 4. §t# 15 kef/on 2 A4 E % 21%04 LA Fe

test

exp.No. No+O2(vol%) city gas(vol%) total pressure results
1 83.3 16.7 100 15 x
2 33.4 16.6 100 15 x
3 835 16.5 100 1.5 O
4 83.7 16.3 100 1.5 O
5 84 16 100 1.5 O
6 842 153 100 15 O
7 34.5 15.5 100 15 O
8 &5 15 100 1.5 O
9 86 14 100 15 Q
10 87 13 100 1.5 O
11 a8 12 100 15 O
12 &89 11 100 1b O
13 90 10 100 15 O
14 91 9 100 1.5 O
15 92 3 100 15 O
16 93 7 100 L5 O
17 94 6 100 1.5 O
18 95 5 100 15 O
19 95.1 4.9 100 15 O
20 95.2 4.8 100 1.5 O
21 95.3 4.7 100 15 Q
22 95.4 46 100 15 %
23 955 4.5 100 1.5 x




Table 5. &3 0 kgf/erd 2

exp.No. N2+02(vol%) city gas(vol%) total prégzttl e results
1 88 12 100 0 X
2 83.1 119 100 0 x
3 88.2 11.8 100 0 O
4 39 11 100 0 O
o 90 10 100 0 O
6 91 9 100 0 O
7 92 o 100 0 G
8 93 7 100 0 O
9 94 6 100 0 O
10 9% 5 100 0 O
11 95.1 4.9 100 0 O
12 95.2 4.8 160 0 X
13 9h.3 47 100 0 X
14 954 46 100 0 x

il
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Table 6. 48 05 kgf/en

oAb

N

L

AFE 18%ANA EdeAl s =

exp.No. Na+O2(vol%) city gas(vol%) total Drénglre results
1 87 13 100 05 x
2 874 12.6 100 05 b
3 878 12.2 100 0.5 x
4 879 12.1 100 05 O
5 88 12 100 05 O
6 838.2 11.8 100 05 O
7 39 11 100 05 0]
8 90 10 100 05 O
9 91 9 100 05 Q
10 92 8 100 05 O
11 93 7 100 05 O
12 94 6 100 05 O
13 95 5 100 0.5 O
14 95.1 49 100 05 O
15 95.2 4.8 100 05 x
16 95.3 4.7 100 03 %




Table 7. ¢4¢ 1.0 kef/ar

jui]

=

s 18%0] A

Zurg

A

exp.No. | Nz+02(vol%) city gas(vol%) total o régzltlr e results
1 87 13 100 1.0 %
2 8.3 127 100 1.0 x
3 87.4 126 100 1.0 X
4 875 125 100 1.0 O
5 87.6 124 100 1.0 O
6 87.8 12.2 100 1.0 O
i 875 12.5 100 1.0 O
g 88.2 11.8 100 1.0 O
9 88 12 100 1.0 O
10 89 11 100 1.0 O
11 90 10 100 1.0 O
12 91 9 100 1.0 O
13 92 8 100 1.0 0O
14 93 7 100 10 O
15 94 6 100 1.0 Q
16 95 5 100 1.0 O
17 951 4.9 100 1.0 O
18 95.2 438 100 1.0 x
19 95.3 4.9 100 1.0 %
20 95.4 4.6 100 1.0 %




Table 8. &= 1.5 kef/cof

)

-~

M E 186 Bna s

test

exp.No. N2+0:(vol%) city gas{vol%) total pressure results
1 86.5 135 100 15 %
2 a7 13 100 1.5 x
3 87.1 129 100 15 x
4 87.2 12.8 100 15 O
5 875 12.5 100 15 O
6 88 12 100 1.5 O
7 &9 11 100 1.5 O
8 90 10 100 15 O
9 91 9 100 1.5 O
10 92 3 100 15 O
11 93 7 100 15 O
12 94 8 100 15 O
13 95 5 100 15 O
14 95.1 49 100 15 O
15 95.2 4.8 100 15 O
16 9.3 47 100 15 X
17 9.4 16 100 1.5 b

oIl
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Table 9. 48 0 kef/er 2 Abhs S 15% A Z3dAF e

exp.No. N2+02(vol%) city gas(vol%) total b réggltlr e results
1 90.6 9.4 100 0 x
2 90.8 92 100 0 X
3 91 9 100 0 x
4 91.2 8.8 100 0 Q
5 915 8.5 100 0 O
6 92 8 100 0 O
7 93 7 100 0 O
8 94 6 100 0 O
9 95 5 100 0 O
10 9.1 49 100 0 O
11 95.2 4.8 100 0 x
12 9.3 4.7 100 0 x




Table 10. §# 0.5 kgt/anf 2 2FaET 15%04 F2HA s

exp.No. | Nz+O:(vol%) | city gas{vol%) | total nrégzhre results
1 90.8 92 100 0.5 x
2 91 9 100 0.5 x
3 91.1 39 100 05 O
4 91.2 8.8 100 0.5 O
5 915 35 100 05 O
6 92 3 100 0.5 O
7 93 7 100 0.5 O
3 94 6 100 0b O
9 95 5 100 0.5 O
10 95.1 49 100 0.5 O
11 95.2 4.8 100 0.5 X
i2 95.3 47 100 0.5 x




Table 11. 49 1.0 kef/ert 2

Ab e T 150400 A

exp.No. | N2+Oa(vol%) | city gas{vol%) | total Dr(';'g;tl re | Tesults
1 90.5 9.5 100 1.0 X
2 90.6 94 100 1.0 x
3 90.8 9.2 100 1.0 O
4 91 9 100 1.0 )
5 91.2 883 100 10 O
6 915 85 100 1.0 O
7 92 3 100 1.0 O
8 93 7 100 1.0 O
9 94 6 100 1.0 O
10 95 5] 100 1.0 O
11 95.1 4.9 100 1.0 O
12 95.2 4.8 100 1.0 %
13 95.3 4.7 100 1.0 x




Table 12. ¢4= 1.5 kaf/ar

nl
=

aml 15%e A HuE e

exp.No. No+Os2(vol%) | city gas(vol%} | total br éggflre resulis
1 90 10 100 15 x
2 902 9.8 100 1.5 %
3 90.4 9.6 100 1.5 x
4 90.5 9.5 100 15 O
b 90.6 9.4 100 15 Q
6 80.8 9.2 100 1.5 0
7 91 9 100 15 O
8 91.2 3.8 100 1.5 O
9 915 3.5 100 1.b O
10 92 3 100 15 O
11 93 7 100 L5 O
12 94 6 100 1.5 O
13 95 5 100 1.5 O
14 9.1 49 100 1.5 O
15 95.2 4.8 100 15 O
16 95.3 47 100 L5 X
17 954 4.6 100 1.2 X
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Table 13. &3 0 kef/orf %

AhaEE 13%00A Fud

SR

A=

exp.No. | Nz+Oz(vol%) cily gas(vol%) | total D régg:’l re results
1 925 15 100 0 x
2 926 7.4 100 0 x
3 927 7.3 100 0 b
4 92.8 7.2 100 0 O
5 a3 7 100 0 O
6 93.5 685 100 0 O
7 94 6 100 0 O
3 945 55 100 0 O
9 95 o 100 0 O
10 95.1 49 100 0 X
11 952 4.8 100 0 %
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Table 14. $+& 05 kef/en 2 A FE 13%d A LddA s x
exp.No. N2+Q2(vol%) city gas(vol%) total Dréngl e resulis
1 924 7.6 100 0.5 X
2 92.6 74 100 0.5 x
3 92.7 7.3 100 0.5 O
4 92.3 7.2 100 0.5 O
5 93 7 100 0.5 O
6 93.5 6.5 100 0.5 O
7 94 6 100 0.5 O
3 945 55 100 0.5 O
9 95 o 100 05 O
10 95.1 49 100 0.5 O
11 95.2 4.8 100 0.5 x
12 95.3 47 100 05 x
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Table 15. &% 1.0 kef/cn

F ol AT T 13%A A HHeA s

-~

test

exp.No. N2+02(vol%) city gas(vol%) total Dressure results
1 924 76 100 1.0 X
2 926 7.4 100 1.0 X
3 92.7 7.3 100 1.0 O
4 92.8 7.2 100 1.0 O
5 93 7 100 1.0 O
6 935 6.5 100 1.0 C
7 94 6 100 1.0 O
8 94.5 55 160 1.0 O
9 95 o 100 1.0 O
10 051 49 100 1.0 O
11 952 4.8 100 1.0 X
12 95.3 47 100 1.0 x
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Table 16. 4= 1.5 kef/cn

11l

AaFE 13%0 4 BueAE s

exp.No. | Nz+Oz(vol%) | city gas(vol%) | total préggttl re results
1 92 8 100 15 %
2 92.3 17 100 1.5 X
3 925 75 100 15 O
4 92.6 74 100 1.5 O
5 92.8 7.2 100 1.5 O
6 93 7 100 15 O
7 93.5 6.5 100 1.5 Q
3 94 6 100 1.5 Q
9 94.5 h5 100 15 O
10 9h 5 100 1.5 O
11 95.1 49 100 15 C
12 95.2 43 100 15 x
i3 95.3 4.7 100 1.5 b
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Table 17. $t# 0 kgf/cn =

AaEE 12.2%00 A F

AE L

test

exp.No. Nz +02(vol%) city gas(vol%) total Dressure results
1 936 6.4 100 0 x
2 93.8 6.2 100 0 x
3 939 6.1 100 0 x
4 94 6 100 0 x
b 94.2 54& 100 0 O
5 94.4 56 100 0 O
7 946 54 100 0 O
& 948 5.2 100 0 @
9 949 5.1 100 0 O
10 95 ) 100 0 x
11 95.1 49 100 0 b
12 95.2 48 100 0 X
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Table 18. ¢F# 05 kef/cn

unl oA
Eay T

PAar e 12.2%9) A

exp.No. | Nz+Oa(vol%) | city gas(vol%) total Dréggf“_e results
1 94 6 100 0.5 %
2 94.1 h9 100 0.5 x
3 94.2 58 100 05 O
4 944 56 100 0.5 O
5 94.6 54 100 0.5 O
6 94.8 52 100 0.5 O
7 94.9 5.1 100 05 O
8 95 5 100 0.5 O
9 5.1 49 100 0.5 x
10 95.2 4.8 100 0.5 x
Table 19. 98 1.0 kgf/ert 3 AFAsle 122%¢4] FEdAs e
exp.No. N2+02(vol%) city gas(vol%) total Drégg‘t]re results
1 94 6 100 10 x
2 94.1 5.9 100 1.0 x
3 94.2 5.8 100 1.0 0
4 94.4 5.6 100 10 O
o 94.6 5.4 100 1.0 O
6 94.8 h.2 100 10 O
7 94.9 a1 100 1.0 %
8 Gh 5 100 1.0 x




Table 20. $t& 15 ket/on B AbAF % 122904 L8HAl 5 =
exp.No. N2 +02(vol%) city gas(vol%) | total prégza re results
1 94 6 100 15 x
2 94.1 59 100 15 X
3 942 5.8 100 15 o]
4 944 2.6 100 1.5 Q
5 946 54 100 1.5 Q
6 94.8 52 100 15 O
K 94.9 5.1 100 15 O
8 95 5 100 1.5 x
9 9.1 49 100 1.5 %
10 95.2 48 100 1.5 X
Table 21. ¢+® 0 kef/ewr @ b4y 2 12%e] A ZWgAls =
exp.No. N2 +02{vol%) city gas(vol%) Lotal nr(:g:flre results
1 94.6 54 100 0 x
2 947 5.3 100 0 x
3 94.8 5.2 100 0 O
4 949 5.1 100 0 X
5 95 b 100 0 x
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Table 22. 4= 0.5 kef/cn

ol
N

A E T 12% 0 A

HE kgl

exp.No. No+Q2(vol%) | city gas(vol%) | total Dr(::;::flr e results
1 94 6 54 100 0.5 x
2 947 5.3 100 05 x
3 94.8 52 100 05 O
4 94.9 a.1 100 05 x
5 95 5 100 05 x
Table 23. 948 1.0 kef/er 2 4baFE 12%0]4 FekA 5=
exp.No. No+Q2(vol%%) city gas(vol%) total Dréggflre results
1 94.6 o4 100 1.0 %
2 94.7 2.3 100 1.0 x
3 94.8 n.2 100 1.0 O
4 94.9 bl 100 1.0 X
5 95 5] 100 1.0 x




Table 24. §4¢] 15 kef/ent 2 A= 12%e A SEAT =
exp.No. | N2+Q:(vol%) | city gas{vol%) | total o I’Etbngl e results
1 946 h4 100 15 X
2 94.7 53 100 1.5 x
3 94.8 52 100 1.5 O
4 94.9 5.1 100 1.5 x
5 9 5 100 15 X
Table 25. 92 0 kef/fen 2 AHAE T 11.9% A SUgAs =
exp.No. N2+02(vol%) city gas(vol%) total nn‘:sazh re results
1 944 56 100 0 x
2 946 5.4 100 0 x
3 94.7 5.3 100 0 X
4 94.8 52 100 0 X
5 94.9 5.1 100 0 X
6 95 S} 100 0 X
7 95.2 48 100 0 b

BB -




Table 26. &3 05 kef/erf %

MAREE 119%0M F

A

exp.No. No+O2(vol%) | city gas{vol%) | total prég:tr e results
1 4.4 56 100 05 x
2 94.6 54 100 05 x
3 947 53 100 05 x
4 94.8 2.2 100 0.5 x
5 94.9 5.1 100 05 x
6 95 o) 100 0.5 %
7 95.2 4.8 100 0.5 *
Table 27. 3% 1.0 kef/en’ R A FE 11.9% 4 FHEAETE
exp.No. No+O2(vol%) | city gas(vol2) | total prénglr e results
1 94.4 56 100 1.0 %
2 946 H4 100 1.0 x
3 94.7 5.3 100 1.0 x
4 94.8 5.2 100 1.0 o
5 949 5.1 100 1.0 X
6 9 5) 100 1.0 x
7 95.2 48 100 1.0 x

S




Table 28. 48 1.5 kef/en

SN

4 At EE 11.9%0

A FAs e

exp.No. | Nz+Oz({vol%) city gas(vol%) | total o n:fs:zhr " results
1 94.4 56 100 15 x
2 94.6 5.4 100 15 x
3 94.7 53 100 15 %
4 94.8 52 100 15 %
5 94.9 a1 100 Lh %
6 95 5 100 15 x
' 95.2 4.8 100 15 x
Table 20. §t& 0 kef/er 2 A2 FE 11.8%0 4 FUeA TS
exp.No. N2+02(vol%) | city gas(vol%) iotal b régztlr e results
1 94.4 56 100 0 *
2 94.6 54 100 0 x
3 94.8 52 100 0 b
4 95 5 100 0 X
5 95.2 48 100 0 %




Table 30. &8 05 kef/orf 2 A4AE S 11.8%0A #2&AF5x
exp.No. | Na+Oq{vol%) | city gas(vol%) | total Dré’(;:ltl re results
1 94.4 h6 100 05 %
2 94.6 54 100 0.5 X
3 94.8 52 100 0.5 %
4 95 5 100 0.5 ]
5 95.2 48 100 0.5 X
Table 31. 98 10 keffer 2 A4 T E 11.8%lA FE3HA 5
exp.No. N2+02(vol%) city gas (vol%) total pré(sizltlre resulis
1 944 b.6 100 1.0 x
2 946 5.4 100 1.0 x
3 94.8 2.2 100 1.0 x
4 9 5 100 1.0 x
5 952 4.8 100 1.0 x

_’7],




Table 32. 4= 1.5 kgf/on

Tl

Ab T 11.8%0 A EwsAl s

%
exp.No. | Nz+Oz(vol%) | city gas(vol%) | total Drég:h re results
1 944 56 100 15 x
2 946 b4 100 15 X
3 94.8 52 100 15 X
4 95 5 100 15 X
5 9.2 4.8 100 1.5 x
Table 33. €% 0 kef/er 2 AA4FE 1% ZHdAFE
exp.No. Nz+02(vol%) city gas{(vol%) total Drégzhre results
1 94.4 56 100 0 *
2 94.5 2.5 100 0 x
3 94.6 54 100 0 b
4 94.8 5.2 100 0 x
5 94.9 5.1 100 0 x
6 95 5 100 0 x




Table 34. 48 05 kaf/col

=1
>

A E T 119%00 A

exp.No. | No+Oa(vol%) | city gas(vol%) | total | | régzltx re | Tesults
1 94.4 5.6 100 0.5 X
2 946 54 100 0.5 x
3 94.8 52 100 0.5 x
4 95 2 100 0.5 x
Table 35. &+ 1.0 kef/er 2 A2 FE 11%NA FdeAss
exp.No. No+O2(vol%) city gas(vol%) total b régzltl re results
1 94.4 5.6 100 1.0 x
2 946 5.4 100 1.0 x
3 94.8 52 100 1.0 x
4 9 5 100 1.0 x
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Table 36. ¢F& 1.5 kgf/on % A% %T 11%0A ZddAEx

exp.No. N2+02(vol%) city gas(vol%) total nréggflre results
1 94.4 56 100 15 x
2 94.6 5.4 100 1.5 x
3 94.8 52 100 15 x
4 95 5 100 15 x
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