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Abstract - A leak of fuel gas in partially confined area creates a flammable
atmosphere and give rise to an explosion, which is one of the most common accident
in domestic. Observations from accident in domestic suggest that some explosions are
caused by a quantity of fuel significantly less than lower explosion limit(LEL) amount
required to fill the room, which is attributed to inhomogeneous mixing of leaked gas.
The minimum amount of leaked gas for explosion is highly dependent on the mixing
degree in the area. For lighter gas, such as methane, a high concentration tends to
build up in the space from ceiling of room. But heavy gas, such as propane, a high
concentration tends to build up in the space from bottom of room.

This paper presents a method for analysing the explosion hazard in a room with
very small amount of leaked gas. Based on explosion limit concentration, the gaussian
distribution model is used to estimate the minimum amount of leak which yields a
specified explosion pressure.

The results demonstrate that catastrophic structural damage can be achieved with a
volume of fuel gas which is less than 0.5 percent of the total enclosed volume in
domestic. The method will help analyzing hazard to develop new safe device as well as
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investigating accident.
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Table 1. Distance(m) from Ceiling of a

Specified Concentration with
Time.
Concentration
(vol%) | 5.0 ] 40 | 02 | 0.1
Time(min)
10 - 05|12 | 20
15 - 10| 20| 28
20 1.0 - 21 30
25 125 - |2151] 4.1
30 1.3 - 25 | 6.0
C(Vol %)
s
1
s
i
1.
$
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- x{m)
1 ! ? t $
Fig. 1. Concentration(vol%) Profile of

Methane with Time.
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Table 2. Change of Constant A with
- Time.

Time(min) | 10 | 15 | 20 | 25 | 30

A 506 |10.87|1358|18.77 | 27.11
s -
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Fig. 2. Change of the Constant A with

Time.
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Fig. 3. Concentration Distribution with
Time.
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Fig. 4. Enclosure Volume associated within
the LFL and ULF.
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Table 3. Damage Criteria for Indoor Gas

Explosion.
Damage )
Criteria Hazard
Significant cosmetic damage to
. structure. Building - repair is
Minor Damage . R .
possible. Possible minor

(AP > 0.03 bar) L.
personnel injury due to glass

breakage or scabbing

Possible  deformation of  structural
members, short of failure. Building

Moderate Damage may be reusable without repair.

(AP > 0.07 bar)

Possibly  some  debris  formed.
Personnel injury from debris is likely
Possible failure of isolated
structural members.  Partial

building collapse. Building can
not be reused and must be
replaced. Possible serious injury
or fatality of some building
occupants

Major Damage
(AP > 0.14 bar)

Complete collapse of structure.
Probable serious inmjury or
fatality of all occupants

Catastrophic
Damage
(AP > 0.21 bar)

Table 4. Summary of Combustion Data
and Volume Ratio for Gas.

LFL UFL | Cstoich.
Chemical | (vol. (Vol. (Vol. o |1/Cstoich.
fraction) | fraction) | fraction)
Methane | 0.05 015 [0.0947 | 788 | 1056
Propane | 0.021 | 0.095 { 0.0402 | 1459 | 24.88

Table 5. Comparison of the Gaussian
Distribution Model Against
Adiabatic Mixing Model: Volume
of Fuel Gas as Percent of Total
Enclosed Volume.

Methane Propane
Damage
Lavel Adiabatic | Gaussian |Adiabatic{ Gaussian
Mixing |Distribution| Mixing | Distribution
Minor 0.035 0.047 0.014 0.024
Moderate] 0.083 0.111 0.033 0.056
Major 0.17 0.228 0.066 0.113
Catatrophic] 0.25 0.335 0.099 0.169
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