TLoo| FuE Yol st ua

W o Fehuw o) Lwrs ) Foowr
BN ST 208, WA AR T8, e E QUL T8t

An investigation of explosion hazardous of hydrogen
Kyu-hyung Oh#=, Kwangwon Rhie**, Sung—eun Lee***, Tae-hoon Kim#**
*Dept. of Fire and Disaster Protection Eng,. Hoseo Univ.
**Dept. of System Safety Eng,. Hoseo Univ.
++*Graduate School of Hoseo Univ.

142

FaE 7L 4487 AL 71AZA F7] BEe Adge d$ §e "l
A 71 ERMAE i 2 = 94U AA3E ol
Rom o)lERE AN EFIAE PAY. FiA e BdIga
Tt vnE EA 23y £
AA AP, F27F 23 JE YIHNEL F29 ¥ EF, L
WA, FAFEA, A2, A28 FolARE AL AF 24 A5E BY
o) Ao EA 7tAe FAHo] A B AL RAFI Jith
A g g fdgdel oy o HelA

Ao SAgSoY ¢4Y, 2% 59 %7 ZAd w A4
ol A 2HAY EFUIA 9 FE9 T a
9] EAo S vlAE E U8 5L RYEE, FAEEQ
Z1A e vl o] gkl w-¢ AAM HA F4 il

I, T g Z1Ae HlE dax H7F 8- 37 wie] day
ok FA7F 8714 w3 e EAE ge A
FAFAL oy BT Fodl FEHY 37 F9 Athd FE
Aol EAstE ZLIFAE oA FHd o+
T Stk
29 54 1 E4E0] 9483 oAust 9FE
o] g3t A Egolu FHgol ol <A
olt}h, B AFME $£49 B3 3y E
| lolA v A shEd A 2 9 9384
2 3t nEE

uoe wse
2 5o AT
g

Bodu &

P}

g% rle

g 4o

br
NP ook &

o

=
o
"

4% Ho afn

N
[>
me 2 o
o 0_>L:
k1
Hir

ox rir
ol
baadliye.

pa

oft 82
[
Hox 4 M

td
1o

o Jp 6S R B ot 2

o o ob (0 f 1% 2
4 K

4
29

H P Mo Sk

o
rﬂmﬂ

ug o>
A

o
2
:
9‘1_:‘
N o

4
b

M e

o ox re
o

I 2 N

fo U o lr
ﬂ

bt

23 oo
2

by r 2

Wit to 2

" o

Kooz B>
2

64
ay
=

- 157 -



2. 549 BYHLY 42 W A4 54

Gy ATAHE 2 ¢ YE i
3 g2 3Ysch SAG Ede #
§7), e S WA, 97

Ho} Yoludt}, $29 T2
2 ﬂlx}c & 7k AHe
B Ao
719 8o

oto*“
=

c e

e

(0 l~>_

e U e

*N%i}_);l&
0°\L-°o}x‘,-\94
'“‘—0#—102‘#
1 o 2
of 1 K

>
L

ol %

e rlo Hu
-z
S
o[t
2
P
rir

;Oﬂ
_O‘_l_tl

d
2N
n

e
fl:
=9

e
B
— OH H
T
&2

&
4
5
T of

o I
st

[e]

it oo
olo N
Ao
bR
iy
olo ;ﬁ A
o o
>
)
_O'L
fr

b o
>
2

>

O o
g

2 ._.4r

flo e Ay
S
£y
=
fo 12
o
2
dm b
; N
1o ¥

[

o g
ook e Al
oX
>

o

o

o O

N

2

N

=44 o

o N
o it
rir o
r_|>_,‘
T

2

miillz_%iz&& k1 rﬂ.mmln
™y T

e
o -

2

3#1. PHYSICAL PROPERTIES OF HYDROGEN
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PROPERTY HYDROGEN
Molecular weight 2.02
Normal boiling point (NBP), T —-253
Critical temperature, C —240
Critical pressure, kPa 1300
Density of liquid at NBP, kg m™ 70.8
Specific gravity of liquid (Water = 1.0) 0.07
Density of vapour at NBP, kg m™ 1.34
Specific gravity of vapour (Air at 16C = 1.0) 1.1
Density of gas, kg m 0.0826
Specific gravity of gas (Air = 10) 0.068
Diffusion velocity in air, m sec A 0.02
Buoyant velocity in air, m sec 1.2t09.1
Heat of vaporization at NBP, kJ kg’ 446
Toxicity Simple

asphyxiant
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¥2. COMBUSTION-RELATED PROPERTIES OF HYDROGEN

PROPERTY HYDROGEN
1. Gross heat of combustion 141.800
(Higher heating value), kJ kg !
2. Net heat of combustlon 119.900
(Lower heating value), kJ kg
3. Flammability limits, Vol % in air 4.0 to 75.0
4. Detonability limits, vol. % in air 18.3 to 59.0
5. Limiting oxygen 1ndex vol. % 5.0
6. Minimum ignition energy, mJ 0.02
7. Hot—air ignition temperature, T 671
8. Flame temperature in air, C 2000
9. Radiative heat transfer from flame, % 17 to 25
10. Maximum safe gap, mm 0.28
11. Burning velocity in air, m/s 2.7 to 3.4
12. Detonation velocity in air, m/s 1480 to 2150
13. Energy of explosion, kg TNT/GJ 160
14. Run up distance, m, 100mm 7.5
St Safe gapol ThE 7HAA AATel W] e H1 AFETL W)
o] 540 AA3HL A7) % Flame arresterd] AU 2= 53Hs}

7 o9 screen®d e FAGEL E AngErt A7) fEel Estrh 59
7}A 7h2ol A A (deflagration) ol 4 Z34 (detonation) &2 Ho)H= Zo] of

A7 7H(I/D) 100 o)Akl Zof ua] F49 B+ ojnth B AL Fold= F

Boz Holqd £ gtk F£49 7] FolMe ZUPHL BHFLALY THAF

wha} u) 5@ 5~8kg/ar o) BT Fa Fw HP NSNS FY FEL @3

Zezo] W& 1/5~1/10014 % Bat5ART BAY BAAE vw 1L7HER 3

Aol ost &4 o] ok 49 Zuby BAG Fo FAHS *E‘uﬂitﬂ o2 7}

Eig=

— Zuen Woo] o3 ¥ x4t 1858 HAVLA 262, TEH 3.3, At
ﬂ% 6.00] Hl8l 7} Won AbA Fof 2352 ¢EYoL 53 Brp A1

— Z3) W W 98 NFE Ak FolM 6, F7] FolAM 3322 ¢EY
of9] 3.0 sl AFAF7F F2L

— AU = 0.02mJE o|FatgkaRThE ok A 107 JFOE TR H
20, EFqle 1008 AR 7HF W& a2FC &3

— Zoko] 9Jate] AN TE AT HEe 1/20,000, ZEHS 1/56~60 7
Ttz T HA 71EFEHH

— Safe gap& 0.29 mm=z Wigre] 589 1, TZHS 3% 1HERE e A
2 FEENE ZT Ax

- 29A8E JgdgE vEsht 0.19mmE GHrtae] vlE 8 Ho
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1% 1. Schematic diagram of experimental equipment
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1% 2 Explosion characteristics of hydrogen—air mixtures
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1% 3. Explosion characteristics of hydrogen—air mixtures according
to initial pressure

% 38 %7] hEHigel wE HAGSAHL vehd AFEHE 27I4E d

o Eugd U 4Y 43 S/ AY FPRo FRe WYL HeFD

el o7 3

L E EA Y AejolM g ZutE-g Pe, E2 A £7] U 27|¢4¥E Pi
3l Pe = KPi &2 A¥84& 4&
olx o] AT E 71k AejelA e Zwgtgo] o)

a9 49 8719 AFHUF W ZLEA FAE YEPR RAOE AP A
£3¥ 4271 2197} 572 cm®olA 2000cm® Q1 5719 958 L7182 L/D7} 19]
e EE Zugtgo] Ayt HE 31%4 ABsg 284y =g
AxlE o £719 AVt F5F Zugyoe] 27t Adsdte
AL ¢E AsETE Ad LA TRe] FUH8IY ZAAaEA

of

rl

2
T

i)

ue 10 io
r\l
%
H

ox g
o
tlo rlo
}.;] [

. 5600 ;
‘ — Ce
. < se0) 5
3 . it
AP S Fhad
L3 + =2 j
2 H : % 3200 | i
o4 a :
g S
= 4 g 2400 ¢
2 56 d :
o S 1600 § &
2 g t
. M 8001 ]
1 = H
48+ e e v e e e e e e U
100 1000 10000 100000 100 1000 10000 100000
Volume of Vessel (mf) Volume of Vessel (mf}
a) Explosion pressure b) Explosion pressure rise rate

1% 4. Explosion characteristics of hydrogen—air mixtures according

to vessel volume

- 161 -



B ATE $49 A8 U HF A dofg & Q= 549 B2 9346 9
Nz AFE B G FAAAY B2 S4B 27 GHY W] ge
ZuEy 0§79 A/ WG] HE TP SHSL AYE i Asngon
0 A% e 2e AEREL L & AN

G29 3719 ER AL BR @A FTAME Bdeh spaE sl
HA B0Ey B9 4 29 s 48 4 £57 27 gRe] Fugd)
Jg Jark 2 4 Qod x7] GHo| Frkse A R w4y AL A
Zuoreo] 2719499 W Frhsked 27] 9ol £ FAANAY F& AT
AE olo] dulg bd diEe] We¥ Aoz wuHH o] A% ITudy 4
S57h g wh2r] 2o FUBRGS ARt RS Tase GEL PEE
24 e gEAsE dFo) 548 202 Bt EF 7} AR5S =

4 4 ETE FhAT B £ Bl ol A8

o

2 FasA e
9 A% 877 ARGS Bud

Y

&3

1. J. Hord, "Is hydrogen a safe fuel?", Int. J. of Hydrogen Energy, Vol. 3,
Issue 2, pp 157-176, 1978

2. T. Hayashi, "#2 FadgAddas A7 “ RIIS-RR-18-1 €&
A A T4, 1969

3. T. Hayashi, "¢g£7]1¢ W&A 7 gt A A+ ©
RIIS-RR-18-3 A& AtgdAF4, 1969

4. S. B. Dorofeev 2], “Evaluation of the hydrogen explosion hazard",
Nuclear Engineering and Design, vol. 148, pp 305—-316, 1994

5. Vladimir Molkov £, “Venting of deflagrations: Hydrocarbon—air and
Hydrogen—air systems", J. of Loss Prevention in the Process Industry,
Vol 13 pp 397—409, 2000

6. Kenneth L. Cashdollar &, “Flammability of methane, propane and
hydrogen gases", J. of Loss Prevention in the Process Industry, Vol
13, pp 397—409, 2000

7. FA47), 278 9, “‘FartAd % A HATE LD,
FF7AATFA AFE A UCN206—133.D, 1990.

8. U. Maas, ] Warnatz, "Ignition process in hydrogen—oxygen mixtures”,
Combustion and Flame Vol 74, pp 53—69

- 162 -



