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Abstract - Hydrogen refueling stations that use compressed hydrogen at high pressure pro-
vide safety distances between facilities in order to ensure safety. Most accidents occurring in
hydrogen stations are accidental leaks. When a leak occurs, various types of ignition sources
generate a jet flame. Therefore, the analysis of leaked gas diffusion and jet flame due to high
pressure hydrogen leakage is one of the most important factor for setting the safety distance.
In this study, the leakage accidents that occur in the hydrogen refueling station operated in
high pressure environment are simulated for various leakage source sizes. The results of this
study will be used as a reference for the future safety standards.
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Fig. 1. Flow chart for establishing safety distance (EIGA-Doc 75/07/E)
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Table 1. Guidelines for establishing safety distance for hydrogen refueling station in Japan
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v: velocity, p: density

B : characteristic half-width,

=2l A : ratio of density spreading relative to velocity,
] cl: centerline, amb: ambient
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=-9] Sandia National Lab. %l A= DOE2] XS wto} r: perpendicular to the stream-wise direction
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< Jet release model equations>
2

. . . -
v = vexp(— 72) (1 S,:d : total emitted radiative power
B , C  :normalized radiative heat flux
p = (py—pum)exp(— r )+ Doy @) X, :radiant fraction
ami 2 2 aml .
) X'B M 4, - mass flow rate of fuel
pY = p, Y, exp(— @) 3) AH, : heat of combustion(118.83 MJ/kg)

Ty flame residence time
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Table 2. Suggested hole cross sections for secondary grade of releases(IEC 60079-10-1)

Leak Considerations
Typical values for the Typical values for the | Typical values for the conditions at
Type of item Item conditions at which the | conditions at which the which the release opening may
release opening will not release opening may expand up to a severe failure, e.g
expand expand, e.g erosion S blow out
S (mmd) (mm?) S (mm?)
Flanges with compressed = 0.025 up to > 0.25 up to (sector betweXen two bolts)
fibre gasket or similar 0.25 2.5 (gasket thickness) usually = 1mm
S lts
. Flanges with spiral (sector between two bolts)
Sealing wound gasket or similar 0.025 0.25 *
elements on 8 ) (gasket thickness) usually = 0.5 mm
fixed parts
Ring type joint 0.1 025 0.5
connections
Small bore connections = 0.025 up to = 0.1 up to L0
up to 50 mm 0.1 0.25 '
Valve stem To be defined according to
Sealing ackines 0.25 2.5 Equipment Manufacturer’ Data but
elements on P ¢ not less than 2.5 mm’
moving parts
at low speed Press
Pe . essure 0.1x(orifice section) NA NA
relief valves
Sealing To be defined according to
eler?ents on Pumps and NA >lwts Equipment Maflufacmr'er’ Pata
moving parts COmpressors and/or Process Unit Configuration but
at high speed not less than 5 mm’

pr» Wr,andL,;, : flame density, width and visi-

ble length

fs : mass fraction of hydrogen in a stoichio-

metric mixture

Py dj s anduj : density, diameter and velocity of

jet at the exit
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Table 3. Representative diameter for leak source

area
Leak S1 | s2 | s3 | s4 | s5 | s6
scenario
Area 0025 | 01 | 025 | 05 | 25 | 50
(mm”)
Diameter 1, 1 04 | 05 | 10 | 20 | 30
(mm)
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Fig. 2. Hydrogen jet dispersion
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Table 4. Jet flame length according to leak

scenario
Leak s 2| s3 | s4| s5| s6
scenario
Area 0025 | 01025 | 05| 25| 50
(mm”)
Diameter 02 | 04| 05 | 10| 20| 30
(mm)
Flame

062 | 125| 1.60 | 32| 62| 93
Length(m)

A 67kA1 o] =
U FRANA 45
< A8t FEAE

a4 5H9h.

718 A1) Lo T st & A)
51 A5 = 2 315HE (82MPa)
o] B4 9 A EZHe] ExXE

QLR =1

BE F 5ot AotAT

ALFL)¢] 4% 9} 50%LFLYl| &l @3l= 2%l &l 35}

- 79 -

F2AE 9 349 54 B4
= TS TR BAIFHEE ST

FEde U EMESE A E B4k AT F
Vb @S F¢l & 4 9o, 50%LFL AdE

LFL Agle] ¢ 2u7hA] &= 218 & vk -+
Z7t29] St Agls AL MHAY VE F
3l719be] AP E A =d Fa% 18 Aotk
= Tl S 7HA i A9 sl s
3R] 9 Zko] WAYE = Q) 7] w0l th. o] 3k o]
] Zol] YE-L 70MPa FaFA 20 HhE 71EE 4
B3t slr)eke] AglE Akt o], FEd9
F71E0.2mmol A 25%LFL F4 84HA 2 744 & ¢k
AAY R A3 =E st Th

Fig.3°l 0.2mm “+&- ol A 4~(82MPa) %] 25%LFL
FakAE S FABAT ol AlE °F6.2mE UHE}
ok o] A shrleke] A E 8mE AL
2101[8-9] T3 bzl g-o] AT o} i Tk

Fig4+v 79 Z7]9 & A Es}E &4 Aol
o} 3t o] Aol FA| A A 9] A, =2 9}e] oA
A, 283 Anzte] A g AAsted S v
Aok @A G712 AA, A, TR0 A
& 73AIL] AT E 10m, A7 n] 9} F7 48] Abo] A
2 & 8m, TH AN} T2 ote] ARE SmE A3}
I ATH[8-9] FAT AL A 2 FFH F s}
= Y571+ Al dgste FEAUE L S6
£ A 83h= Aol e, AL R WEE X
et AA, FHA0ol tstd & FEAUE L S5
£ 2§5o] A3sitta AETh Table 40l 73 Al
Uz ol e AEsH ] = AgE YeER AT
& AU 2 S62] A9 314 2017} 9.3m, S59] 4
4 62m=Z o)== Ak

o] Aol =W 71 Ard A A A2k

L
.

TR =2 Afolo) Al AT Bartel
ARo| AHe AN =729 ATE gmE H
U 712 A AAE Faste] FeA
FHAE e Aol a7k

=

vi.d 2

B AT SaFAs Qo)A B TheE A
F29] A7)0 whe} FE2A el 08 Helsha A
ES 9 AERGS M3l HAALE Bt
gek. FEAVE LS S 98] FAEFEC
60079-10-)°1 A AABEIL Q= FEEA L 23
WA g A g3te] U FEUY 2715 6714

FaFA 20

o] g3te] 5

=

=4
Z EF3AT T2 Il net
# 3113+8(82MPa)°ll A HYRAM ZE=&

as—=

=7k 84 A237 Aoz 20199 129



L1v

~ 1.05 2000 £
E100f oy | |5 .
> 0,95 1000 £
0.90} 500 ¢
=0.100 01 02 03 04 05 06 0.7 Z

a) O.2mmr(Sl.) jet flame
2000 2
E e 1500 3
> 1000 £
0 L L 1 L 500 ;
-05 00 05 10 15 =

c) O.6mn'1(Sé) jet flame
— 2500 &'
20 2000 2
— 15} 3
1t ————— 1500 g
> 05} 1000 £
0.0 500 2

x (m)
e) 2.0mm(S5) jet flame

Fig. 4. Hydrogen jet flame
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