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Abstract - The interest about new and renewable energy is increasing to reduce the burden of problems by
depletion of fossil fuels and air pollutions. For example, LNG/CNG and LPG are expected to be replaced,
especially in transportation use, by HCNG mixture and DME-LPG mixture, respectively. Because these new
energies are still flammable gases, it is not inherently safe from the explosion. In this research, the quantitative
risk analysis for using alternative mixtures in existing recharging facilities has been studied by using three
types of explosion models (TNT equivalency model, PHAST and CFD-based FLACS) to manage the risk
effectively. The differences of results by models were compared against, and the practical ways of when and
how to use these models were suggested. It was also predicted that conventional gas filling stations would be
converted as new energy stations without additional explosion risk.

Key words : gas explosion simulation, DME-LPG, HCNG, CFD (computational fluid dynamics), quantitative
risk analysis
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Table 1. Physicochemical properties of LPG, DME, and DME-LPG mixture

Critical Critical Melting Boiling Combustion Heat of

Fuel emperature pressure point point limit combustion
) (bar) () ) (%) (KJ/kg)
LPG 96.68 42.48 -187.7 -42.04 2~9.5 46000
DME 127 53.7 -141.5 -24.84 3.3~273 29000
DME-LPG 102.5 44.65 -178.8 -39.5 2.2~109 43000

Table 2. Physicochemical properties of CNG, hydrogen, and HCNG mixture

Critical Critical Melting Boiling Combustion Heat of

Fuel temperature pressure point point limit combustion
©) (bar) () (T) (%) (kJ/kg)
CNG -82.1 46.4 -182.5 -164 5~15 50000
Hydrogen -240 13 -259.1 -252.9 4.1~74.2 120000
HCNG -113.7 39.72 -197.8 -181.8 4.8~26.8 64000
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Fig. 1. Schematic diagram of Bucheon LPG filling

G E TP /‘\lf’ﬂﬁx] A9 & FEE QA station[9].
Table 3. Physicochemical properties of DME used in PHAST

Physical properties Value Physical properties Value

Critical temperature (C) 127 Critical pressure (bar) 53.7
Boiling point (C) -24.84 Melting point (C) -141.5
Flammable/toxic Flammable EOS Kwong

Molecular weight (g/mol) 46.07 Reactivity with atmosphere Not Strong

Flammable limit lower (%) 33 Flammable limit upper (%) 27.3

Heat of combustion (kJ/kmol) 1.33¢"6 Maximum burn rate (kg/m2 *S) 0.12

Flash point (C) -41.15 Luminous/smoky L
Combustion (Ct) 0.06545 Combustion (At) 0.9386

Max surface emissive power (kW/mz) 62 Emissive power length scale (m) 2.75
Pool fire burn rate length (m) 0.1 Laminar burning (m/s)[7,8] 0.486
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Fig. 2. DME-LPG filling station modeled in FLACS.
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Fig. 3. HCNG filling station modeled in FLACS.
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Table 4. Explosion overpressure (bar) relative to
distance by TNT equivalency model for
LPG, DME-LPG and DME

Overpressure (bar)
Distance (m)

LPG DME-LPG DME

1 >10 >10 >10
10 5.8 53 3.6
20 1.2 1.05 0.83
30 0.52 0.48 0.39
40 0.31 0.3 0.26
50 0.21 0.205 0.19
100 0.08 0.078 0.071
200 0.036 0.032 0.03
300 0.022 0.02 0.018
500 0.013 0.011 0.01
1000 0.006 0.005 0.004

Table 5. Explosion overpressure (bar) relative to
distance by TNT equivalency model for
CNG, HCNG and H

Overpressure (bar)
Distance (m)

CNG HCNG H

1 >10 >10 >10
10 >10 >10 >10

20 2.1 29 3.9

30 1.1 12 1.8

40 0.61 0.65 1.2
50 0.4 0.42 0.64

100 0.14 0.17 0.2
200 0.055 0.058 0.08
300 0.032 0.039 0.049
500 0.019 0.021 0.027
1000 0.008 0.009 0.01
5000 0.0014 0.0011 0.002

73 % 1 ton, DME-LPG <] 7% 0.926 ton2] TNT &
I FAEIE o, o] AFE o] 851 o S H
Table 4} 2T} 3ol A 9} Zo] U7 A oA LPG
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DME A2 22 A& AT 5 AT

CNG T a4 AFE-38HAl 2 CNG9F HCNG]
Z3 A Eg ol A= CNGE 2.7 ton, HONGE
3.5ton2] TNT Z 3} §-A151g 01, o] A= o] &
ta] o =5 7}QE-L Table 50 A 9} o] =47} 713
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Table 6. Comparison of simulation results for LPG and DME-LPG

Overpressure (bar)
Materials Mass Distance (m) INT PHAST FLACS
equivalency VCE BLEVE (VCE)
10 5.8 1 18
1PG . é).ozs .
50 0.13 0.4 0.1 (M3} ¥ 043% ¥
5 ton
10 53 1 18
DME-LPG -
50 0.11 0.39 0.09
10 > 10 1 18
LPG -
50 0.76 1 0.4
40 ton
10 > 10 1 18
DME-LPG -
50 0.70 1 0.38

Table 7. Comparison of simulation results for CNG and HCNG

Overpressure (bar)
Materials Mass Distance (m) TNT PHAST FLACS
equivalency (VCE) (VCE)
CNG 10 - 10 ! 0.019
50 04 0.87 ek F 172
5 ton
50 0.42 0.97 (H3h F 0342 9
10 > 10 1
CNG -
50 1.79 1
40 ton
10 > 10 1
HCNG -
50 1.9 1
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