A 463] KOSCO SYMPOSIUM %=# (2013 %= &A1& 3]) 95
=) — }, =
39 ¢4YAA 274 9 Fo|= YA & AR A3}
oA AAE" - QABT gy
Self-Ignition of Hydrogen
in a Pipe by Rupture of Pressure Boundaries
Hyoung Jin Lee”, Sung Don Kim™, Sei Hwan Kim™, In-Seuck Jeung™"'
ABSTRACT
Numerical simulations are conducted to investigate the mechanism of spontaneous
ignition of hydrogen within a certain length of downstream pipe released by the failure
of pressure boundaries of various geometric assumption. The results show that local
ignition is developed in limited area such as boundary layer and the mixing of hydrogen
and air is weak at the planar pressure boundary conditions, whereas the flame fronts at
the contact region are developed at the pressure boundaries of the spherical shape.
Key Words : Hydrogen spontaneous ignition, Pressure boundary, Shock-shock
interaction, mixing
neH St AW A AUALOR ofd PR TY I QUHOR sweel vl
Aol A 2 g8 FUhEI o, AlAH gdEH Mg ¢k HFEE e o
of H&al=t o] (AN TAIZE /Lol Al g "7t EAste 38 d 21
71531 QlTt. o]e] A Hlo] wAYUF @<l (b)) &8 F4: 9F2 Mylar 25| 9=
< Wz tYgd A4 FAHASH FEEH o] AL ZHoR (a)lA dFE A9 #9d
v 1 Fhe AAdste] ddow Ik Az & @E PR HEE RRo] fle =24
WAUE] 7 7hsAdo] =& FoE oAAL (©OF% HH =71 28 o9 AA =39 o
ATh[1-3] FE& motelr] fgk JHde] HH gdE 21 F
oe AFE T3 B A mAUF © "5 EAse 24
2 Avdto] stdd wf Awre] Aoy ¢y F (DA FH =30 749 Hd 23 F (OF
g 276 g FE U FAHE 59 34 & 3 | Ei)
2 &3 EAo] ggtd 4 glen old upg W
e A% A= gerd F Qo
oo  wEANE £XH ATE B W4
4 FY 2dd mE RN FEHe Ta -
of gt AuHs wWAYUEFES A8t oA £ = da .
o} o] 93 A= 109 mm, Ao zRE o] g = Upture AR, Al
100 mn® 2% FWAY Foo A e Ty e oL -
g Avt g gz HiksA s skt A o
/&EHQ- oA {éﬁ 5- 3 o= %‘3?}5 &3t Fig. 1 <=x| a4 oo
29, g9 A, Azt WAYSS EA AT

Figure 1& & d7olA Fdd 34 95

Er E—— * ——
et B ATl Ae Fig 29 2ol a7k ¢ ¥ L B

1
. -~ N 1 1
g Y4 AAzAL Hessich \ N :
\ \ 1 |
\ 1 |
% @LIG NEX1, PGM R&D AlE ' b ' |
T RS (a) (b) (© (d)
wee A EOTHL 7] 33 B o :
i M5 oted A 51 AL 7
+ A AR}, enjis@snu.ac.kr Fig. 2 ¥ 8& 2 34 gd =

TEL : (02) 830-1905 FAX : (02) 830-1718



Al 463 KOSCO SYMPOSIUM % &3 (2013 %= FAI8k=]3])

96

2 =RdAE dAztA dEd FR U 1
Fa 7ha FEe 9 AdHst #ged o
3 e wep deAe 54S Wel izt
Atk 3<9g +Ho] 10 MPa ¢ ¢, &4¥ &
BA 270 wEl dsp ol AA vh2A
s o AT FE A AA F7e] A
H AS, FE FY vortex ringdll o &3t
S @oo] A AY B T oy AA
Ao AT Feol & FHo] A sl 4
S A 4d T gE P AA 2719
+ T4 vortex ringe]l HA AEHWA A
Az A sl qS A EateE e
B AT Al AAZTAA AEE WS o
< AT Ao FHE AEHoRE S}
I FE AAE Aee & oz AgHd
A H3eE fFrde $23 947 AR
ol st dge HW o FA AA =9 F
o FAA e

0.0

Axial vel. [m/s

0.0

Axial vel. [m/s

333

0.003 0.007

333

0.003 0.007
667

667

0.01

1000

0.01
1000

1333

0.013 0.017 _0.02
m
1667 2000

0.013 0.017 0.02
.

1333

1667 2000

206 18 Kl 2 oN % BN &L oo ox o Of O O

o ;

0003 0.007 0.01 0.013 0017 0.02

Axial vel. rn/s 1000 1333 1667 2000

OH 0.0 _0.003 0.007 0.01 0.013 0.017 __0.02

583 1067 1550 2033 2517 3000

[1] Dryer FL, Chaos M, Zhao Z, Stein JN,
Alpert JY, Homer CJ. 2007, Spontaneous
ignition of pressurized releases of hydrogen
and natural gas into air, Combust Sci Tech,
Vol. 179, No. 4

[2] Lee BJ, Jeung IS. 2009, Numerical study of
spontaneous ignition of pressurized hydrogen
released by the failure of a rupture disk into a
tube, Vol. 34, No. 4

[3] Lee HJ, Kim YR, Kim SH, Jeung IS. 2011,
Experimental investigation on the self-ignition
of pressurized hydrogen released by the failure
of a rupture disk through tubes, Proceedings
of the Combustion Institute, Vol. 33, No. 2

[4] Kim YR, Lee HJ, Kim SH, Jeung IS. 2012,
A flow visualization study on self-ignition of
high pressure hydrogen gas released into a
tube, Proceedings of the Combustion Institute,
vol. 34, No. 2,





