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Abstract — For the safety design and operation of many gas process, it is necessary to know certain
explosion limit, flash point, autoignition temperature (AIT) and minimum oxygen concentration of handling
substances. Also it is necessary to know explosion limit at high temperature and pressure. In this study
for the safe handling of hydrogen, explosion limit and AIT of combustion properties for hydrogen were
investigated. By using the literatures data, the lower and upper explosion limits of hydrogen recommended
4.0vol% and 77.0 vol%. Also the AIT of hydrogen with ignition sources recommended 400°C at the
electrically heated crucible furnace (the whole surface heating) and recommended 640°C at the local hot
surface. The new equations for predicting the temperature and the pressure dependence of the explosion

limits of hydrogen are proposed. The values calculated by the proposed equations were a good agreement
with the literature data.
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Table 1. Comparison of hazard of fuels.
Fuel properties Gasoline Propane Methane Hydrogen
Ignition limit 1 2 3 4
Flash point 1 3 2 4
Autoignition temperature 4 3 2 1
Minimum ignition energy 3 2 1 4
Heat of combustion 4 3 2 1
Density 4 3 2 1
Toxicity of fuel 4 3 2 1
Toxicity of combustion 4 3 2 1
Specific heat 4 3 2 1
Detonation limit 1 2 3 4
Flame temperature 4 (2470 K) 2 (2198 K) 1 (2148 K) 3 (2348 K)
Lower limit flame temperature 3 2 4 1
Burningvelocity 1 2 3 4
Diffusion coefficient 4 3 2 1
Adiabetic maximum pressure 4 3 2 1
Total score 46 39 33 32
Relative score (hydrogen = 1) 1.44 1.22 1.03 1
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Table 2. Explosion limits by means of the vessel state and the direction of flame propagation for hydrogen.

Direction of Tube or Sphere Explosion limits [vol%]
Vessel state .
propagation Diameter Length LEL UEL
7.5 cm 150 cm 4.15 75.0
Upwards
2.5¢cm 150 cm 4.25 73.0
Confined . 7.5 cm 150 cm 6.50 -
Horizontal
tube 2.5cm 150 cm 7.15 -
7.5 cm 150 cm 8.8 74.5
Downwards
2.5cm 150 cm 9.4 71.5
10.2 cm 150 cm 4.0 75.0
Upwards
2.5cm 150 cm 4.2 -
Unconfined ) 2.5cm 150 cm 6.2 -
Horizontal
tube 0.9 cm 150 cm 6.7 65.7
21.0 cm 31 cm 9.3 -
Downwards
2.5cm 150 cm 9.7 -
8L - 5.0£0.5 76.8+£0.2
20L - 5.0£0.5 -
120 L - 5.0£0.5 -
Sphere Upwards
1L - 8.7 75.5
0.81L - 5.0 73.5
035L - 4.6 70.3
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Table 3. Comparison of A.A.D. and A.A.P.E of the LEL
with temperature variation using several correlation
for hydrogen.

No. T (°C) LEL Eqn. (10)
1 20 45 451
2 150 4.0 4.01
3 300 35 343
4 400 3.0 3.05
A.APE. - - 0.99
AAD. - - 0.03

Table 4. Comparison of A.A.D. and A.A.P.E of the UEL
with temperature variation using several correlation
for hydrogen.

No. T (°C) UEL Eqn. (11)
1 20 75.0 75.39
2 150 79.5 78.92
3 300 83.0 82.99
4 400 85.5 85.71
A.APE. - - 0.38
A.AD. - - 0.30
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Table 5. The autoignition temperature of several reported data for hydrogen.

T, [°C] AlTs [°C]
Compound
NFPA NFPA SFPE Welzel Scott Kuchta
H, -252 500 400 560 572 635% | 640%*
*Hot surface
**Air jet gas
-5- =2 7}2~8k8| %] A 1279 A2E 20089 6
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