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An Investigation of Hazard Distance in a Series of Hydrogen Jet Fire with
the Hyram Tools
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TCorresponding author :
taecklee@hoseo.edu Abstract >> For commercialization of hydrogen refuelling station (HRS), we need

to reduce the clearance distance for jet fire in the real entities in the HRS. Thus,

Rec.eiVEd 14 Apri" 2017 we revisited the current regulations of clearance distance for jet fire in the law.

Revised 21 April, 2017

Accepted 30 April, 2017 The law in korea has been set up by replica of japan, not by our own scientific
basis. Recently, sandia lab developed Hydrogen Risk Assessment Model
(HyRAM) tools and we simulated a series of circumstances such as 10 to 850 bar
with several leak hole sizes. In 850 bar with 10 mm diameter hole leak cases, it
shows 4,981 I«W/m2 at 12 m separation from leak source and 1,774 I«W/m2 at
17 m separation from leak source. In 850 bar with 1 mm diameter leak hole, it
shows 0.102 I«W/m2 at 12 m separation and 0.044 kW/m2 at 17 m separation.
Current law may be acceptable with 1 mm hole size with 850 bar.
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Table 1. Hydrogen refuelling station supply plan

Target for H2 fuel cell car supply HRS building target
‘17 Jan. ‘year of 2020 ‘17 Jan. ‘year of 2020
126 car 10,000 car 14 unit 100 unit
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Table 3. Clearance distances in Hydrogen refuelling station

AZIAL} 2715 do] 4227 AL JIh Storage tank size Zone 1 Zone 2
o] wj FAYFE COE COMA7|(water gas shift)o] ~10,000 7 m 12 m
A ZujE A}gste] 2242 HRAZIT PSA (Pre- zgggg 21 m 14 m
ssure Swing Adsorption)oll A= B8-S F27 20000
Aeetol w5e 248 drh FHY A <3000 Hm om
2 %9} 9F2le Table 29} 7t} >30,000 27 m 18 m
<40,000
>40,000
Table 2. Main process of Hydrogen refueling station <50,000 30m 20m
Desulﬁ;lrlzer Reforomer Water—gaos shift 50,000 \ 30 m ; 20 m
Temp. 300C 700C 250C <990,000 55 VAH10,000m | o VX+10,000m
Pressure 103 kpa 0.875 Mpa 0.868 Mpa
30 m 20 m
PSA Compressor Storage tank (Low temperature | (Low temperature
T j i >990,000
Temp. 250 gas storage tank | gas storage tank
Pressure 868 kpa 40 Mpa 85 Mpa 120 m) 80 m)

Vol. 28, No. 2, April 2017

Transactions of the Korean Hydrogen and New Energy Society <<



168 4 =5 Al MESM LfsH He(of het 24

oA EAYs= TRt §]r7~H voﬂﬁ X‘@"ﬂ.‘l HJEH

= Al A B FFAHoR Al A5
A 7|2 ALsA o ulo|zglel, Blm, ZkEH
e 58 9&ESHA Stk o] ML wule

A Hdomino effect)2} staL A1213F HE AlLE 5
MR 4 9tk SaF AN WA 7K 9 8
2 F jet fire2 QI3F 9 $J7}F WEEA] 2 E]ojof
B,

1.5 HyRAM 27

HyRAM (Hydrogen Risk Assessment Model)2 1]
=+ Sandia National Laboratorieso| 4] A 3-3H= ¢
/4 W7 2otk HyRAMZ =4 2
A ﬁﬂy]. EE_‘lEﬂE{] AaAe lﬁ_o]jj_ A]JOS‘-
s} | 517] 98 SEE uwjzsin ‘ill‘%. HyRAM2
of ‘:Hs} Eﬂﬁ HA} d’% ]

=
2 231513 QJth HyRAMS:- £314] jet flame, over-
pressure, gas plume 59| B2]% A5} Al

o AQ]E]_

F2E ¢

HyRAMO A] jet fire A]Ea]o] /o] AR5 S8}
we 2 Houf and Schefer7} AA|5H 514 mele
/\]—-Q—o]—oﬂ Q"O“ﬂ]‘ 7]_]:]_3)

c
Qrad(X,1) = Sradm o)

Qrd = the radiative heat fluxp
x = down stream distance

r = radial distance
Srad = Xradmfucl AHC (2)

Srar= total emitted radiative power=2A] 3149 =
ofuix|st BAbAT} B gick
Xid = the radiant fraction

mse = the mass flow rate of fuel
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AH; = the heat of combustion (118.83 MJ/kg)

Ba4ee B ARt weh tsow
M Sao] 29 1 AL e Pk
Xraa = 0.082737 10g(7f) -0.080435 3)
A7IA Tr2 FFEY AFAIZ AL th33} o)
AAFE )
WZLIMSf'
7= D Tmls @
3p,dju;

pr = the flame density

Wt = the flame width

Liis = the flame visible length

f; = the mass fraction of hydrogen in a stoichio-
metric mixture of hydrogen and air (0.0283)

1, dj, and u; are the density, diameter, and velocity

of the jet at the exit (orifice)

P=PambWinix / (RTaq) e

pamb = the ambient pressure

Whix = the mean molecular weight of the stoichio-
metric products of hydrogen combustion in air

R = the universal gas constant

Taa = adiabatic flame temperature for hydrogen
(2390 K)

7| A Swa”} total emitted raditive powerd ],

xr
C* = 085985 exp (275791 | 7 -06352])  (6)
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’ Determination of risk criteria ‘
&4
’ Conditions of a simulation ‘

4

An investigation of hazard distance in a series of
hydrogen jet fire

Fig 1. Assessment Process
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Table 4. Effects of Radiant heat flux on people

Radiant
heat fl
. " ux Effects on people
mtensity
KW/m’
15-1.6 No harm; safe for the general public and for the
R stationery personnel
25 Intensity tolerable for 5 min; severe pain above
’ this exposure time
34 Intensity tolerable for non-frequent emergency

situations for 30 min

Pain for 20 s exposure, first degree burn.
5 Intensity tolerable for those performing
emergency operations

Intensity tolerable for escaping emergency

6
personnel
9.5 Second degree burn after 20 seconds
12.5~15 First degree burn after 10 seconds, 1% fatality in

1 min

25 Significant injury in 10's, 100% fatality in 1 min

35~37.5 | 1% fatality in 10 s
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Table 5. Conditions of a simulation

Hydrogen Hydrogen Hole Size
Pressure Temperature
Unit bar T mm
10 5 1
Range 438 40 5
850 85 10

3. 2} 3 uF

3.1 AlZgo] Azt

1SO Plot

00- 75 15.0 225 30.0
heat flux [kW/m " 2]
Hole  Hydrogen  Hydrogen 5 kW/m® 12 M
Size  Pressure Temp. Reach Heat Flux
No mm bar T m kw/m’
1 1 10 5 0.5 0.00
2 1 10 40 0.5 0.00
3 1 10 85 0.5 0.00

Fig. 2. Simulation results of 1 mm hole size, 10 bar pressure
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1SO Plot

| |
7.5

0.0

15.0 225 30.0
heat flux (kW/m "~ 2]

0.0 7.5

15.0 225 30.0
heat flux [kW/m "~ 2]

Hole  Hydrogen  Hydrogen 5 kW/m® 12 M

Hole  Hydrogen  Hydrogen 5 kW/m® 12 M

Size Pressure Temp. Reach Heat Flux Size Pressure Temp. Reach Heat Flux
No mm bar T m kw/m’ No mm bar T m kw/m’
4 1 438 5 2.9 0.05 13 5 438 5 16.7 166.5
5 1 438 40 2.8 0.05 14 5 438 40 16.0 723
6 1 438 85 2.6 0.04 15 5 438 85 15.2 25.6

Fig. 3. Simulation results of 1 mm hole size, 438 bar pressure

Fig. 6. Simulation results of 5 mm hole size, 438 bar pressure

18O Plot

225 30.0

15.0
heat flux [kW/m " 2]

Hole Hydrogen Hydrogen 5 kW/m’ 12 M

Size Pressure Temp. Reach Heat Flux
No mm bar (¢ m kw/m’
7 1 850 5 3.8 0.11
8 1 850 40 3.7 0.10
9 1 850 85 3.6 0.09

Fig. 4. Simulation results of 1 mm hole size, 850 bar pressure

0.0 7.5 225 30.0

15.0
heat flux [kW/m ~ 2]

Hole  Hydrogen Hydrogen 5 kW/m’ 12 M

Size Pressure Temp. Reach Heat Flux
No mm bar T m kw/m’
16 5 850 5 21.8 1215.2
17 5 850 40 21.0 1323.3
18 5 850 85 20.2 1221.4

Fig. 7. Simulation results of 5 mm hole size, 850 bar pressure

1SO Plot

0.0 75

15.0
heat flux [kW/m "~ 2]

0.0 7.5 15.0 225 30.0
heat flux [kW/m " 2]

Hole Hydrogen Hydrogen 5 kW/m’ 12 M

Hole Hydrogen Hydrogen 5 kW/m> 12 M

Size Pressure Temp. Reach Heat Flux Size Pressure Temp. Reach Heat Flux
No mm bar T m kw/m’ No mm bar [ m kw/m”
10 5 10 5 2.6 0.04 19 10 10 5 5.4 0.27
11 5 10 40 2.5 0.03 20 10 10 40 5.1 0.23
12 5 10 85 2.3 0.03 21 10 10 85 4.8 0.19

Fig. 5. Simulation results of 5 mm hole size, 10 bar pressure

Vol. 28, No. 2, April 2017

Fig. 8. Simulation results of 10 mm hole size, 10 bar pressure
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15.0
heat flux [kW/m "~ 2]

Hole  Hydrogen  Hydrogen 5 kW/m® 12 M

Size Pressure Temp. Reach Heat Flux
No mm bar ¢ m kw/m’
22 10 438 5 354 1616.6
23 10 438 40 339 2100.5
24 10 438 85 322 4034.2

Fig. 9. Simulation results of 10 mm hole size, 438 bar pressure

15.0
heat flux [kW/m 2]

Hole  Hydrogen  Hydrogen 5 kW/m® 12 M

Size Pressure Temp. Reach Heat Flux
No mm bar ¢ m kw/m’
25 10 850 5 46.4 1634.4
26 10 850 40 44.7 4981.9
27 10 850 85 42.8 9622.0

Fig. 10. Simulation results of 10 mm hole size, 850 bar pressure
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