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About 90 % of the world energy demand is met by fossil fuels such as coal, oil and
natural gas at the present time. The consumption of fossil fuels will cause the carbon
dioxide accumulation and threatening consequences such as global warming and climate
changes. The drain of fossil fuels is forecasted in the next century. Hydrogen is
expected as a clean energy to solve the global environmental problem and drain
problem of fossil fuels. The safety of hydrogen equal or higher than that of fossil fuel
system must be established in order to use hydrogen energy system widely. The safety
of hydrogen is shown in this report.
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Table 1 Physical and thermodynamic properties of gaseous hydrogen

Property Unit Value
Density at 273.15K kg/m? 8.99Xx10°?
Compressibility factor at 273.15K — 1
Adiabatic compressibility at 300 K MPa™! 7.03
Coefficient of volume expansion at 300 K K™ 3.33X107®
Cp at 273.15K J/ (kg K) 1.42X10*
Cv at 273.15K J/ (kg K) 1.01x10*
Enthalpy at 273.15K J/kg 3.84%10¢
Internal energy at 273.15K J/kg 2.72X10°
Entropy at 273.15K J/(kg-K) 6.92x10*
Velocity of sound at 273.15 K m/s 1246
Viscosity at 273.16 K Pa-s 8.39X10°°
Thermal conductivity at 273.15K W/(m-K) 1.74Xx10™
Dielectric constant at 273.15K - 1
Isothermal compressibility at 300 K MPa™! —9.86
Self-diffusion coefficient at 273.15K m?*/s 1.29X107*
Gas diffusivity in water at 298.15K m%/s 4.8%10°°
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Table 2 Physical and thermodynamic properties of liquid hydrogen

Property Unit Value
Triple point temperature K 13.8
Normal boiling temperature K 20.27
Critical temperature K 32.98
Critical pressure MPa 1.29
Critical volume m®/ kg 3.18x107?
Density
at normal boiling temperature kg/m® 70.78
at triple point kg/m? 77.02
Compressibility factor
at triple point — 1.61X10°*
at normal boiling temperature — 1.71X107*
at critical point — 3.03x107*
Adiabatic compressibility
at triple point MPa™! 8.13Xx10°®
at normal boiling temperature MPa™! 1.19X107?
Coefficient of volume expansion
’ at triple point K™ 1.02X107*
at normal boiling temperature K™ 1.64X 107
Heat of vaporization
at triple point J/kg 4.49 X< 10°
at normal boiling temperature J/kg 4.46X10°
Cp
at triple point J/(kg-K) 6.51X10°
at normal boiling temperature J/ (kg K) 9.69Xx10°
Cv
at triple point J/(kg-K) 4.71%X10°
at normal boiling temperature J/ (kg K) 5. 74X 10°
Enthalpy |
at triple point J/kg —3.09X10°
at normal boiling temperature J/kg —2.96 X10°
Internal energy
at triple point J/kg —3.09x10°
at normal boiling temperature J/kg —2.58X10°
Entropy
at triple point J/(kg-K) 4.96 X 10°
| ’ at normal boiling temperature J/(kg-K) 7.98%x10°
! Velocity of sound
at triple point m/s 1.27X10°
at normal boiling temperature m/s 1.09X10?
Viscosity
at triple point Pa-s 2.6X10°°
at normal boiling temperature Pa-s 1.33X1075
Thermal conductivity
at triple point W/(m-K) 7.3%X107
at normal boiling temperature W/(m-K) 9.9X107
Dielectric constant
at triple point — 1.252
at normal boiling temperature — 1.23
Surface tension
at triple point mN/m 2.99
at normal boiling temperature mN/m 1.93
Isothermal compressibility
at triple point MPa™ —0.0011
at normal boiling temperature MPa™ —0.0199
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Table 3 Properties of hydrogen of interested in safety consideration

Property Unit Value

Diffusion coefficient in air m?*/s 6.1x10°°
Limits in air

Flammability volume % 4.0~75.0

Detonation volume % 18.3~59.0
Limits in oxygen

Flammability volume % 4.5~94.0

Detonation volume % 15.0~90.0
Ignition temperature

in oxygen K 833.15

in air ) K 858.15
Flame temperature K 2318.15
Heat of combustion J/kg 1.12X10°~1.42X10?
Thermal energy radiated from flame % 17~25
Burning velocity in air m/s 2.65~3.25
Detonation velocity in air m/s 1.48X10°~2.15X10?
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Table 4 Properties of gaseous hydrogen and other fuels

Property Unit Hydrogen Methane Propane Gasoline
Molecular weight kg/mol 2.02x10~* 1.60X107% | 4.41X107% | ~1.07X10™
Density of gas kg/m? 8.38X10"* | 6.51X10°* 1.87 4.4
at 293.15K and 0.1 MPa
Viscosity of gas Pa-s 8.9X10°¢ 1.12x10°° 8X10°¢ 5.2X10°¢
at 293.15K and 0.1 MPa
Diffusion coefficient in still air m?*/s 6.1x10°° 1.6X10°° 1.2X107° 5X10°¢
at 293.15K and 0.1 MPa
Buoyancy (Density relative to air) — 0.07 0.55 1.52 3.4~4.0
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