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(E 2) HEHCH)O] Zjsjsiusy

HIS 0.554
Y ~ 1825 T
2= - 164.0 C
HAH 11,93 kcal/g
0|2=8H| 9.47 vol%
HolRr 632 T
ZHHASE 0.37 m/s
Z|AL1Of|LX| 0.33 mJ

Agel AR AR MRS (1" Dol ettt du8rl= 39 7HIEE
Qlste] ofmd(Acryl) AR TSI FLE8719] YdE2 o= 30 bar7bA A9
T UeE AAECH olF S8l 8719 972 0.12 m, WAL 0.06 m, Zol=
0.8 m= sto] SHMA| g<&of| ot W 22 AAEQUeE, E3F -§7] WellA] EAggt
2151l S A (Pt—Rd thermocouple)E ARESHY] L9 A2E 71538l
= 5ilet, ARl AREEE QIS 7hAE Hgte = A F7Ie Edtte] WE-g7] &

A719) 28w ERIAE A AlREA ARSI AR sk 23} Uy
§71019) AlE S8 oA AT 2elE ARSI B Aol ARt vigk-F
7] E719 FEEA A [29 1]90A Zelle(Barrier plate)o] §le AEfollA
ArskAnt A=) 244E flel AR AgEEE (G I L2 AlYE 2 gle

o AF =G 5x 107 Torrolth, FAHQ] AFHHE chgat Zo] st
o}, 7k A=) SRS WA AFELE ARgste] Wulgr] Wel 3715 wi7lst
of g AEE e thgel AF ofE SRlgt thEel| wid 7AE 9% 2ol H
=2 A AFYAE BHA 7IAE degr] Y' SX3 2o 3] e
S ¥ol 871U o] t7iste] Mg 3718 FYske ¢ 4T E3riart 57
712 4083E WA thgel Asjste] TUEAS ASssit, Astdor ARSI A
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39 21212 3 mm shgon AT 9AL §719] B3
AF0E fEstel BRYHo| UolhEE S

2o ofsf WAYE Y=
D L . Digital
ata acquisition logger Amplitude oscilloscope
Digital pressure Thermocouple Pressure
T ] gauge probe transducer
Spark I ! I
ignition Gas explosion
> 0.06
1 IBarrier plate I m
L 038 m 0.13m
0.8 m
X Vacuum pump Material of tubular vessel : Acryl
Gas (CH.) o ) Resisting pressure of vessel : 30 bar
Explosion isolation

—P}<}— Air compressor eystem
—PDG— Air

0.12m

“Barrier plate

Cross section of tubular vessel
[2F8 1] 7254 2 g7]9] i

(B 3) TsHEoNA

ALy
100 liter/min

Displacement (60Hz)
84 liter/min

Displacement (50Hz)
Utimate cacuum 5x10" Torr
Oil capacity 0.5 liters
Motor(50/60 Hz) 0.4 kW




e-§7] ol ve—37] SR1719] 7EAEHeA o) 542 HEA o)A (Strain
gauge) HA19] AHAE ARBSIGITE (29 1]ollXe} Zo] A= 87 oz
0.67 m&] xFe] HAJsiglon AR S92 txd *‘iﬁ_—% 55}

AZsI3det, % (Spherical) DH[-E-7] o] SAlolAl 287 dojupd 7 =] 8
Ho] HHRHAll direction) ©& U4 £ 7HA 1L AulshA =l o] wff sk ¢

& AZE) 350 BlgRict, et i Atollafel 2ol I eH(Tube type) FEHS] T8
71014 23} 2| Sol= 4 FE R Sfdo] HufstA|qh Sdo] Helke] v ol mdahd
Stut Wieo] et Wu| B 8719 FHttollN 5 ko nt Aujgh}, 1
Hg slHA | STk dofubA| al o] Ao sidshs SteHAle 7HA AL Fut
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= 3.3)

2{iere AntAle St 4(3.1)& AR WEks= 9.5 vol%oll A 9] =3
dEs Axtetar (19 2] AFATe} vlue] Hokr) wgbskE 9.5 volzel 3
olA WA molg= WL glong Zdt xu 20 47, W7l =
25 €, IFLE 2300 K, H]FH](y) 1.4, 221 QAE%E 34,7 cm/sgtal 3 uf
IS A B DEFE o2 o] Aib D}.

Pm = 1.033 x (2300 / 298) = 7.97 kgflcm’ = 0.782 MPa

(23 24 HE &= 9.5 vol%OHH-OJ FAYE2 0
0.782 MPa¥} A9} ARE A5 & o= St} sted2eo} s s ST AR

£ ARESto] Ao Kot :L/\}d 50| 7Hsd Ao= T

o] w2 STt AR E Ao g 7R A8 E = Ak Al
Esto] [2F 3]0 AAskelt. HEEAY AR Fof e Halsh=d|
o]27 3}sleFRE =1 (Stoichiometric concentration ; Cst)¢l 9.47 vol% Lo
A 7P Aow CstE 7o 2 11 olst B oY skollA= S7kskelH. 3
H7} 19 77k 871 2 87]8-4(V)o] g sl FF= {4
O A AR e EEAh Y AdsER & %S = A0
dHA Uk, Ly 2 AFoA e ol 8719 F3u|7F 10] obd Zoj7t 7 2
4% 871017] wiZel Y] Hutsto] opd B R 3t9o] HufetEE
Aax TR gt AupAL7E §719 &2 AL nldgitt, waba s Hu<:
=7 AR g PR Sk g AR St ukA g ol W] E|st= A
Wb Heh, (29 4] skol ot gy ety =gAte @A U
gl AogA F XiE= v BAC A & 4 o

>_E
r_‘; (D)
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® 07} q° N 107 8
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Hgte] AL TA oA HAEE AEHS-(Elementary reaction)S 10055 o]A+
oz deA Q7] dlwol sFehkg7|+o s> HAI7F Ghvt 3 st

-

Sk oAM= 2 Y EAgEY & e A4 4 leur ukg S
A=Y ARe H5 o8 sk 2¢00] HaL vk wgke] A4l disfiA=
B A7F ol RolA from Hao] AR T E EAFe AReke EafHks-o]
dojur thE TAl M= He, CO, Op BEEAY AARE o]ojxitt, weh(CHa)
At (09)949] A RE-E &7 =7] wZe] ofstel o] WA OH®F HeRel HE
3°] O]FoX| 1L thFof| CHs= 029} Bhg3IT,

CHs + OH — CHs + H20
CHs + H — CHs + H2
CHs + O2 — CH20 + OH ( — CH2 + HO2)

EQF CHO= t9] opolilke& Foko] CO7F H=t of23t &aet $3t w5
= 7AA "

CH20 + O2 — HCO + HO2
HCO + O2 — CO + HO2

HOx= CH,9}F ¥HE5to] AAE 1 Hy0xS YA theo) Ho02 O, OHRE H3f
wlo] o] o AAE OH7} COLt ¥Hg-5to] COy7} WS AT}

HO2 + CHs — H202 + CHs

CO+OH — CO2 + H



o|e} Zo] CH,9 4Rk I of+= CHs, CH20, CHy, HCO, CO, HeOq, CO,
OH, H 9] t}efst 318k (Chemical species)©] A= of$ E2SE HR-8-0|
dojdtt, Tejug AR wgrpso] Eboj|A = FHAlof WS a1 A4t
)\t A2 (Thermal dissociation) ¥ Hehe- S50} Bzt 252 <ldfA tf
spskgo] A E7] witol 4 (CHs + 202 — CO2 + 2H:20)7}
F=t}. o]t shke EAS dElste] 9aSHeEE %
T darkgol TR AIFOA shehE Ry AFEE
oA 2rE oujgitt, Agu(WFeux]), BEA4, 2 25
2A 25 AAs] Heliie 98F Axtel aHH 255 o
goto] I oA digy], FPAYe, 2ol B AHshs 5ol
Aotz 7P oRt Ak 9 gl il
Jotal ALY EAE] 7 &5 7R BR84S, =%, 7HdRt
A a of
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g o, bR 9wl oK d $A2 elsla Ayl Ay
GasiaeEs A4o) S0, el Agshd S 2

Hzo 14T 257t ©
T2 7] 74k BAsE v o 2 dlEslo] AARS AlA|E

A =9 AR WA ZWHConstant—volume combustion)ZA] G441
(Heat—loss)S FAISIAL 159 Heto] a&Zo] Ak} biEo] AA7) Hh-g-sfo] Zit
Aol A== Z47F ni&E 9] COp, He0, Os, Ny, CO, Hy, O, OH, H, NO, N9| ¢
27k~(11%)5 193 sshihgAlE giidez sk



CHs + a0O2+bN2—ni CO2+ n2H0O +n3 O2+ ns N2+ ns CO

+neH +n70O +n OH + no H+ no NO + niu N

Nc . Ny +ns =1
NH .2 Mm+2-Nng+ng+ng=14
No - 2Ny +nme+2:-nN3+ns -+ +ng+ nNip = 2a

NS 2y +nNio+ Ny =2b

)
Ehis
N
o
1o
Ehis

HP) AR TRt 2o

A*=(T,,/ T,){(P/ (1 +a+b)}
Zzre] Foll tisl BRI E+K) 2 ol Age] -t

(1/2)02 < O : n7 = Ki-[(ne)/A]

CO + (1/2)02 <~ CO2 : nu

Kz-n5-[(n3)"“/A]
(1/2)N2 + (1/2)0O2 <= NO : nw

Ka-(na) - (n3)"*

(/2 N2 < N : nu

Ka-[(na)*IA]

(L2)H0 + (1/4)02 < OH : ns = Ks-(n2)">-[(ns)" 1(A)"]

(1/2)02 + H2 «<» H20 : n2

Ks-(ns)"-(ne) > A
2H + (1/2)02 < H20 : n2

K7-(no)-(ns) "> A°

I
St

HOHP) @ Bk (P bt 2

P=3(r) =A% 2(Ni), P,=(Z(Ni)-R-T)/V,

m



Hp(Tb)E’J AR A 1] A2

Aot dE=

7|k e} gl 7ks

ZE Qole] 2ARA JiA BEo) Wsl E7|9Ee) Wl &

Fo] mE A47kA0] Mole fractiong 43t

PIAIIAS 28 IHE L
SIStEEES U 2 §5tE0 2o M [

HY (Tb) Z?’-plf

Tp
" CpdT + L npirHO ((To) |Hor(Tn)=anIAfHu[-(Tﬂ)

mjeke] Tt
2600

2200

1200
1000

Adiabatic flame temperature, C

—)mﬁ—

_ 2400/

2000 |
1800 |
1600 |
1400 |

800 |

600- 1 1 1 1 1
5 6 7 8 9 10 11 12 13 14 15

No

[1% 5] FE}H2ES ArhEd

s o w2k AL 232 (28 6] YR,

T T T N T N T N T T T N T N T T T

i Calcu. at 23 C, 1 atm

Concentration of CH , Vol%

[2F 6] HEe] ko mME TEF2:



FEstEL e HhgS o2& (9.4 vol)EY £ FE=Q] 9.5 vol%elA]
2018.75 T7F FojFith, o2& = ko] B o]4kabekax(COy) 2t &(H:0)0]
Hots 7P stoll Atk Aoltt, o] 2&3|Et 2 soi ddetd2=r) U
Ehte olf2e TEeHREl AltiMe dartart aox e sEE alest
of shehgol] HUrke 7ol Antsi sfehilgo] FREHA] 2 AeolnE
A=7b Hoh @o| EAsoF 3b7] wiZolrt, [28 72 wE7ias] iAo A=
© Qa7tAd ERES 7HAEE wet AL Aot Fiiddstdart
B 71 T8 7|E0R I ol sE= 57}5‘45 AHR(0)7F 543 A
stal CO7} Hitj= 57}6‘}01 SA7E F55hs Ae & 4 ok 2By I

HES-of Bof3lR] k= No= 7fAswo BAQlo] dASHA yeptal Qlgt,
10 E T T T T T T T T T T T T ¥ T ¥ T by T b
I_Ca[cu. at23 C, 1 atm N2 ]
FH.O E
0.1 f=—=2—— —
—_ === —
S 1E-3
O
©
=
© 1E-5
@)
1E-7 b~
1E-9 L

5 6 7 8 9 10 11 12 13 14 15
Concentration of CH,, vol%

[AF 7] Y LA AXTt20] ERS

Zuoleio] 24 A7k (13 8] AN Bulee 24s)
7] SPAE WA GastdeEg Aol si o3| Tat sleemet 2 &
of BE2 AMg3le] Py = (SnRT) / Vil o) 412 o]3}o] Atstict, et 5
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Hoto] whE FEagte o] AR 2)3 vasjEE sk 9~12 volzelde
AU Arkgre] ol Fi AAE HolaL QAR 11 0] Fskobe E &
A WERAL Sl

(28 9)= digh A9 27|¢Elo] ddstE 2z ofHdt I F=71E

ARG Agtoltt, 27 ¢elo] Z7HI4E HABHALEE FTHSHe ﬁ:—; & % 9l

O
ol Aol olelit Ae Basisie), A7 8 0l b 202 2
.

ﬂwl iEOWL =7 l?ﬁ%‘ol 10
AER AT 27|2ETt e FEAY] ddstde o] vAle g 2ARE

232 [19 10]o) Uttt 27|57 S71E45 wghe] 7thE o] WA glo]
dastd2es APAQ v EAE 7™ S71skleh ol=et AL AaE §5
of st = A 250 JFS A o 53] ko o3k gfol K
o 27 Agels AL o 4 st
12 T T ¥ T v T T T T T v T T T T T T T
Calcu. at 23 C, 1 atm

& 10+ | —@— Experimental .
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S

c

Re)

n

S \

Q. / 1

< 3

L 2-{; 1

_/' 4
0 p . 1 L Il L 1 L 1 L Il i 1 . 1 L Il L Il L
5 6 7 8 9 10 11 12 13 14 15

Concentration of CH 5 vol%
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28 ... 55

02140----|-|'|'|'|'|
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HEt7ks FdAle] B oo Hupbies (™ 11 vekdlth oA
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1. D[3H0|= 22| ZA}

ow
[l

o

=9} vjto] dpste] il 7HA 7hart ti7]Eel 719} e9tst
of 7t 7= Bk Aot ot e doA ‘DP W e

e AR, FHE oA 7= A3 7k Bl AdAjof| ofet ShEIARLT}
Aoz dAiskal Qle o]2ek Asz Qlsl| of7|F= FEAE Y HalE cl5s
7] 93t melo] ZA|F o2 AA|E o] ARLEo] 931 QJt} ZEubelE o] oJFRS ALAE
7] 93t o 2= TNTS7F 2Y(TNT Equivalent method), TNO E2(TNO
Multi—Energy method), Baker—Strehlow method 5¢] ¢Jo1} &HtA o2 AR
3 e A2 TNT S7Hedolty, TNT S7HEE Akl WHo] v 7hdst7]
ol AsiAbt 19487 Soll Wol AREEAL vk I3y TNT S7HL o
OfRt AL A4k} Hlasl A 3 (Detonation)s 427 FIAILE H9-

o= Al dAstarl AATE EH(Deflagraion)ol] 23t FEARLS] o= Ffrhg
7Fe] ATE ATk wAIES 7HAAL i TR TNT 57PHS iR s7tellA 9]

-
P
T

=

ﬂil
Y

38 A= o3 akg.fc AUHoRE g olojd 4 gl @Al ]
= pth QISH Zhaut Euko) ol giiie] Zubpmzt e:h olet e mefs
e E EORE R 2 @f@ ARl a7RE, e ) 1) 2

J b

el ielel LAtk TNT Shmae Baqes Afsisiel B o 4
(4.3 o] hepaet,



f=—F7 MWT:TW (4.1)

ol 2]

PS:\/ 22\/ ZQ\/ — (4.2)
1+(0.O48) 1+(0.32 1+(1.35)
M fOAH
L= 23 Mopg= 7} GfXH e (4.3)
INT

A7) Ao 7 BA (m/kg'), LS ZugAo 2 REY] A(m)2A [
g 12]of ojsf FdHdt =, M= 57F TNT SFeFsf (TNT T !
g), fE= SZT o] 9s WAgsk= oA £&=A 0.01~0.19 #t= 7HIch,
st F I9H(kPa), AHee 7FAA7EA0] A4 (kd/kg), AHTNT= 3fefe] ¢
29(4.184x10°/kg), MGE 7FAA7EA(AA) 9] G5 (ke), & 42% 7129
718} BlE, v TEAS, v INT 82 Uil Z8A5(v)+= 7= 713
7Hs FollA Fidol 7ot Hlm=A] EAEA T FE7F HEHE Y Yol e 7k
Fo g 7IEst=y|, dubdog 10 %7 ARREHTE TS TNTS8(7)S Zof 7]¢]
ok SA7|A Fo|R|ef HARE FHehe ol Al TNTEE | A2 Hl&olw
UPtA O 2= 6.4 %5 ol-8shd HAg Aow AL it

TNO Multi—Energy model2 Z3-2 7|%= 3t Blast Modeling 224 Z7]8-
o] H7hE S Aot S71E FHe 2 FYPHUE £ FEH=
A 2 HEy o2 Fio] ghtolx AlAEe] A Fste Zlo] of
d 3712 SolA dEEolA Fdsts @Y FE Vds Zde=th

5t Zxtof 9]t o7} Point Source TNT Equivalency modeld} Zo] &
7ol e 7HAAd BA AR #eo] Ffo] € F¥= nAe Ao] o,

U

H

o°l

1



1 =
FEdor Ak AYoA 7HAA $71Y dFEe Sdl 571 Fdo] WA
gtk Ae 714 AR Akl webd F71e 8 Sl dAysk
U9 2 AlRFE AYolA 7HAAd S719] A77F FEAoR AR YR
o & AU ST A7 ARk ] A7|HTh 22 AR o] &
Ht, TNO Multi—Energy model®] AP [28 13]9] AASIF L™, PSE
ko] o3t IH(MPa)olH PS= M I (MPa), r'= #AF A2l(m), Pas o
7|%(MPa), x= FHUCRHEY AZ|(m), Ex g o3t WEAUAMI)E
= il

(19 14]= SRR Akt we gk Aol gt ghik a1k et
W Iz EA o7l AR 2 IS d7|YeE vhe FARE Helw 7t
B25E Aoy xe A7) gt Agolch, o] HduoM= wdt 7FA &9t
715 THe F71oAe 2 Al 4 2719 IHEER Ausks AE 7H
ot ALk gt

-
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[O3" 12] ErAZ]of| gt 1}k M(By Brasie & Simpson)

Cloud
Dimensions

\J

Obstructed
Regions

0

Explosion Blast
Strength
(Overpressure)

The radius of cloud (R)
R=(3V/2m3

a) X<25m
b) X < 10-D1
or X <15D2

Ps/ P
( /F’)”3

10-b-log,r"-c)

P’
r
P,

Positive Phase
Duration

[3= 13] TNO multi-energy model®] A4 SEL

t,=(t, /C)(E /P) V2
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Baker—Strehlow model2 TNO Multi—Energy modeli} G-AFSH FEo] ¢l on
F HUsE FEAog IE Aot 3] so] Iy Hol Qe LollA 7k
4 F719 dFERorRY V& Fo| dojuhs A& 7Rk Sinh 7k S

3= & Fds}c}t Baker—Strehlow model 2
Arke- (219 15]9F o] WA F718-9] WS Aokl st e, ek oAz A
Avstet, E3RF (3 4)&= Mach Number(My)oll w2 St4&=E Uebd oot gt
A=)l gt gt IeHPS)E (18 16]9] PS'—r'9] I E ARgsto] AA3t
t}, Baker—Strehlow Modelo|A ARSdh= e A4S AAot sta&Ee} 143
o] $7e= Bl Aupsh= 3k TG kA HElRof 7| 2= St o] W
o4& Blast Waved| Zew F710llAe Hjatddupszof v#ghe, TNO
multi—energy modelollAi= 7HAA 7FA7E o= AHwo) HQ|(h)ollA Fdst=AE
HAste] TR EE o Z3foF 641, Baker—Strehlow model 3F¢1o] htf Hpak

o Aozl Aol dsf SFAE=E A5E ¢ e SHol it

Cloud The radius of cloud (R)
Dlmeisious B = (3V / 2]_[)1/3
[ Flame Speed | Flame expands : classified
I in 3 categories

Explosion Blast )
Strength Flame Speed in Mach

(Overpressure) Numbers (Mj)

[A= 15] Baker-Strehlow model®] A4l SE



(¥ 4) Mach numberoj|A{Q] S}IMO}ZE

Flame Fuel Obstacle Density
Expansion Reactivity High Medium Low
1-D High 52 52 52

Medium 2.27 1.77 1.03
Low 2.27 1.03 0.294
2-D High 1.77 1.03 0.588
Medium 1.24 0.662 0.118
Low 0.662 0.471 0.079
3-D High 0.588 0.153 0.071
Medium 0.206 0.100 0.037
Low 0.147 0.100 0.037

)
F

Mj=5.2

=20

-1 134
0.1 | Mi= 0.2

M~ .0742

M, = 0.037
0.01

0,00

({1} 0.1 ] 10 |00
-l

[ 16] Baker-Strehlow model®] ¥ 7{Z]of| Tst EAtalQt M



Zatojs) oEREs FY 2 AFAIUE 2ol Hgste] o& AIE B,
AEFo A AA ZdADE dopt & Aysh = =S AR ARaLA|
el Z2 AN ZEio] £&, Hsteto (19 17]3} 22 F7]&
(Vapor cloud explosion)o] HAsH= 72 7P43k3ich (GE 5)¢} o] Tz o]
U5 1,86 kg/m o] B2 Ryl 4750/1.86 = 2554 m 0|t}

Ao SEE 2 23K(Propane)
712 () 15
7|} (atm) 1
FE5 (ko) 4,750
A4S (kJ/kg) 46,010
U (kg/m) 1.86 (at 15C, latm)
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A 4HES-Al0] “C3Hg + 505 — 3CO2 + 4HoO 0|22 TRl AbA0o] H|E-S

1:50]+ E%Lﬂ 5719 Hli= 1:250|808 ZRu-37] E37|= 2554 x 25 =
63,884 m’o] Hr}, F7]&9] w42 (2aR%/3) = 63,8840 4 R(¥H)E 31.2 m
7b "o}, oo 71& AE W (R 6)9] Fe|S 2d AN 215 ANk 4.1
Ho] PAAS Tl 4 FUEA Y] Aol wmE A=A Froto] [ 18]
22 Ayt dojFet, (19 18] 7F Husdle] ALk Foto] ¥ Az
w2 FHRRS el Ao, FA4logmRE A2 2560 molfol lojxl= Y A
2] ZAoA TNT Equivalent modelo]] &J3t AAkgro] ZA%3 TNO Multi—
Energy model®]] &gt Aol o™ Baker—Strehlow modelo] &J3t A4k
A L Skl s Ak

o |F

(E 6) SL5EE A =4

TNT Equivalent model 1. fz = 0.05

1. Cloud volume : 61296 m®

IO TSy (irees] 2. The coefficient of strength of the explosion blast : 10

Baker—Strehlow model 1, Flame speed : 1.7 m/s

Observation 0O

| Equivalent TNT Mass method
Je=0.05

Baker-Strehlow method
(Flame speed 1.77)

. Multi Energy method
(Coef. Explosion Blast 10)

1 i
0 50 100 150 200 250 3000 150
X, m Ip, MS

(1% 18] FEOSiRA| mME A 7{=of gt FEuleh AL dat




37HA1 9] ZH et d S ARt AL AukE (& 7)o QoFskqltt Al
AbA3F 250 m oo ArlolM= 7 Bdl 7He] ztol7k A9 gles I 4 )
t} 200 m oY AgloA ZHare Multi—Energy model¥}t Baker Strehlow
model®] ZAi}= 0.24~0.25 barZA A9 Zow, Equivalent TNT Mass
model®] A= AA| AFe} vluste] 0.06 bar2A HAH7FEHI JSS O

Q1oitk E£3] Multi—Energy model?} Baker—Strehlow method®] I}¢rS AlA|
Ao} fAR ATFE ROl Ak webd AN ATE A4 Al 45}

o]
W, FEshE mde Ae43 AHA Piol KT A0 WUE, B
wsfels mue] Ae4S ARSI TAT A3t (& 8)) A7t dojgirt

(B 7) L5220 IE Ait Zx

TNT Equivalent model TNO Multi=Energy model Baker—Strehlow model
X 7 Ps r Ps tp Ps
(m) (m/kg'"’) (bar) (m) (bar) (ms) (bar)
25 1.90 2.33 - - - -
75 0.69 0.23 0.58 1.69 58 1.10
125 9.49 0.11 0.96 0.50 83 0.40
200 15.16 0.06 1.54 0.24 112 0.25

(B 8) FIAZUNTD mejels 20| Mgy 2y

N

TNT Equivalent 1. W57k 419 Detonations HAZ 34
model 2. ZA(Deflagration) ZHALLL] 7 9-ofl= AXF AXprl | H7HE = S

1. Vapor explosion(Deflagration)S AAZ 3si4
2. 714 7kA9] ok Hmol 8F(TE F)o] FBUS=AE HUO2A F
TS AYst= Zo] 8544

TNO Multi—Energy
model

1. Vapor explosion(Deflagration)S AAZ 3sf4

2. 99 gkl FollE 4SS 18dte] FAHREEE FHsk= S0
=E
=

Baker—Strehlow
model




3. ArEEe| ZLEHETE Al

Zdkorel Wl 2|4 7ke] AAES TNO multi—energy = Eo] oJ5to] Al 71535}
& o] SlojA Q] AAU(E)Y AL A(4.4)9F Zo] FHEHT

A7IM my= AR AgolH, ha & Aadolth, EF m o SV A (V)9

29| BAY, 0,& XSGRO, 371 %
4(4.6)% o] E@HL

A(4.5)0lA Rz GEF 71, T 9 2%, Poe Y dY, M= &
o

=2
2
5=
gl
ofj
i
_\;’i
=
rr
i)
o

}

2
i)
Y,
ox
i)
n-3
2V
rlr
™
=
1=
EO

(Peak static overpressure)
: < ol S4u}, Bl o|4H FAut, 1l ¢f
Hute] 37H4] FHY 3= Zei 24 g A= v 39e 7HAAL Sl
(1% 19]= $23 SollA ol $AT}(Ideal shock wave)?] FEHIE 7fEFH o=

= oFol 2|<A|7Hpositive phase duration)S jujgtc) [1
d 19J0lA & 4= qiRol ol TAuE WYl &St TtE o WHAI(ENE

Aol)g zh= Ao FFHH, ol FHE 7122 Fdof o3t FADS

1o
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Hyperbolic
asymptote
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Hyperbolic
shape

[AE 19] 9|
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(4.9)



712 WA golete] WA= v 2dh &, VIR WAE(R)S S71A1A

3718 ol9] folw, 784 37189 WA (R, e A4 1007 2ol A

1
3.V \3
_ . (4.10)
ROs ( 4«71 )
ek E Aefe] Z4(AP)E the A (4113 2o] Ak

A(4.11)o4 Sr= WS HE(shielding factor)o|w, Spo} Wa#HE ulebyel
(Shielding factor parameter, V¥)}o] TA= A1(4.12) 9 (4.13)7} 7t}

1
S.=(1—-1"?? V<1
g (4.12)
S,=0 V2>
Sl ] (2]
2_ ) ) 7 4.13
v Z_Zl{ ox* oy az* (4.13)

E3 W FRET Q40f thE] 100%2] £4 9 AElE Gtk 9 9ok
o 253 a0 gk AR el Pogt SkS, Pa(E

q_
A= A4, 14)9F 2ol o] P} PygollAf A2 gro] Hrh,

P’12 = min(P1, P2) (4.14)
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3.2 & vgjg7} nd

B Ao ARESE ZdF usjgr 2Ee VEXDAM(Vapor Explosion
Damage Assessment Model)S AFE3I9Itt VEXDAME wl=t  Trinity
Consultants, Inc.® Y& ZE=A Zdete Bl A&EAIREe] A4k TNO
multi—energy®dof 9J5to] AAF 7Fssict VEXDAM(Vapor Explosion
Damage Assessment Model) ZEX= 7FHA 7|A] = AAQ] 12} 24 9 o
Sk 221 FEERY AE Y9 FxE0| v gl BFrishr| 9l HiE
yefg 7t wdoltt, 1 Frh the = FUEAYI B 3 A9 wsiEARt
o| ofyar, AHE W ALY A&k 7hsslitt ol fld dxE R 2GRt
ZAskE 574 A9 o4F g YlSst] fiste] E% (Dynamic Pressure)
HeH(Overpressure) 2] A& ARESHAL ek, T3, A2Eo] wjsfel 1Al Al
At dare|gof 7]zet ol ARGE I Qlow, 22t Fho] g9, =2

APEl Sof] AR EY, o2& aep e a4 Ve, A W 7}
nieh AP et gsfjoll A ol 71 F& SHHY TS
, F1oFd EtElE 2H3sh] SRt P-ISAS ARE-
ZF QA 2o Al B4 ARE 7t Sl
A9 9] 2= A, shu ol 2E 9 dYo® HAE Ar W B
o] Uap FHhE Agst Aotk A o T fIAE X, Y, Z3x, %
. dE&0) Aol Thssitt, Ee 2w, 3] s I
7FsAdol = 2E, YA A= W YolAe F2ARe] XY &Y
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of Tk A U] A AU 9 RE HR} F4E APy, o] 1f 2 A
o BE WP /|20E 3 2%, 74 A 9K, A4 PRI BLE I} E
%, 28F7e) B4 QA ROl ] FHopgol B 54 Yug Fastol AHY
S oqlr, Baudye deE 228 W 224 62 59 dolE g, 1
A ko] o) AUE WY 2 TEBI Qho] W Ek YAFWE AZH
g, A2 bl Zeele] Qi 2B G neF 47t ek W) He F
worel-vjs) epue] AR Ame] TAste] 7 TRBY A A% A A
E2 AN, Ty, Bueke 2R AN 99 o] AMZS 44EA W5
3, 5% SAoIA GAEE B gRle] AN, PRI Ak ke &4 2 A
HES 24T 47} 9

3 FuAEe 9 =3

B Aoae] Zatndly gk wgi(CHy) 7kAS] FEAMLE et 7kA9] 2}
sh, Fdbofl wE #eote) A HefFF BUHE AR gy W
VCE(Vapor Cloud Explosion)o|® o7]of ZAH&3st AAF HHEHS  TNO
Multi—energy Modeling®|t}. TNO Multi—energy ModelingS ARE-

87 U] wigte] e, F71%e) WA, iy B9 ¢ Ao, 3 |
S sAelol St RPNl S DefokL, S5 0] S Y, 3

22 2ofol st A4 g1
. HIHCHS) LBl T B ANE H*H @ 9ot 2o 2
A 2L AR,
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(B 9) S22 9 714 =1
A SEY H|&H(CH,)
7|12 () 21
712 (atm) 1
=52 (ka) 50
BX2F (g/moal) 16.0
& HAH (J/ko) 5.0 x 10
LU (kg/m?) 0.7168 (at 0C, latm)
SISIUZSE (vol%) 9.48

kf
N
N
(0]
S~
)
n:&
f
ﬂJ
E
o

= S A 20]~[19 21]9f o]

Agskaint. 32k Y FEekE Ats| H?—)‘H/ﬂ“ A mesho] A}
= zzol dastrt, [217 20]014 1 mesh 7+

Age 5 mo|m Fgo] WAsH= 0.3 m 7Y 2AE 2 dEolH 7= 20
m, A2 30 m, 0] 10 m& 3o, [la 21]3} ”O] im/\]l/}ﬂioﬂﬁ A%

AFo]
o ofol AT ST 4 SOV FHE A,

[A% 20] FEOSES Fgt M8 FHE (1 mesh=5m)
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3.4 WA A% 9 BA

sy g7t ﬁl*PO Holl A AL vl Ao FL A dE W 7k, A
= 3 AR = [2% 22]~[2" 23]l yerdlny, Fdelel ot A
= 3 ARl itk JJOHJW 712 (103 L, &% vsgrE §3 AMdE
Y FEAN 22 RE [OF 24]~[3F 25]9F 22 It 227t dojRlo, HE
A AE Y ) IR 7,73%10°~1,03x10” Pa - s2 UER} l$- 417kt

3 +
A5 &40 Ueite A& & 4 Sloh 2eu 20 8 e A9 79
o w4 5 APk B Al Usich ik e 2

dhof| w2 2t Qtglo] A& 9Ho] 0.3 m T/ L 3 EQ] utiof ARE-E
of o] FH o | R|7F wete] A= ojojl AdpE wekEY, Ty 2 FY
oo 4] F7h= AMIARS] A oF A B Eaele e 7oA AAE
| dhalixle aeEo] Q1A Yt AE

H FFOZA = Fbo] AR A= Qo A = QIgt 2

0.2 ulaksto] WAEhe Tsir) Slet, AAe) TkAEuE o

wsh 2oelE spRo] W Y 7Zolu AR el th2 7iRe] musiol
AlAdZolLr AR AIA Feloll o] dojubd A2t FikE & 7S St
qejme Eakier] 02 AyHel Walrt gk sheleke = vjAEo] g of
A S dasiet, [17 26]2 FEHoNAFE Ao g AVIA HAY SER
A ZX(Explosion source) 2 2XE] A7 40 m o|W7HA= 100 %2 AFAFAF WY
£0] oAtE 1 ojAfe] AgoflAE oF 50 % AEo] AMIAL WA THsAd0] e
Ao Ueylth Z4 Q9 & ¢l e ARk Aol AA AW o>
Tl A4 Fo] B $IAo) ek A 7o) Felle), oleiat Ammye
0.3 m 779 2 ZAYER Hof Q= A=AIAEY ou2 ZHUXE a4

A Bre] HPAS 95 FRT GTL ha G AL X 4 Uk
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Abstract

Study on damage prediction in explosion accidents of

chemical materials (Focused on Flammable gas)
Ou—Sup HAN

Center for Chemicals Safety and Health,
Occupational Safety and Health Research Institute, KOSHA
339—-30, Exporo, Yuseong—Gu, Daejeon 305—380, Korea

Objectives . Accident prevention measures for the reduction of
explosion damage should be examined sufficiently to minimize the
damage before the accident, In this study, the prediction of explosion
damage of chemical substances was investigated to reduce the explosion
accidents due to leakage, diffusion of flammable gas, especially,

Methods : The explosion models (TNT Equivalent method, TNO
Multi—Energy method, Baker—Strehlow method) based on experimental
results was investigated and compared the results of analysis on
explosion scenario, Explosion properties in methane—air mixtures were
conducted to compare the experimental data with the calculation of
explosion pressure and temperature, Also, the 3D explosion simulation
was investigated to predict the damage of humans and structure in a 3D

virtual experimental space,



Results . The chemical equation considering the combustion gases of
11 species was proposed and calculated the adiabatic flame temperature
and explosion pressure with concentration of methane, Experimental
data of explosion pressure in methane concentration of 8~12 vol% was
nearly consistent with the calculated value, For the explosion
overpressure at a distance of less than 200 m, Multi—Energy model and
Baker Strehlow model was in 0,24~0,25 bar and the calculated result of
Equivalent TNT Mass model was 0,06 bar, The explosion damage
assessment was performed by the methane leakage in the target sites of
the 3—dimensional space, The present study was conducted by using
explosion simulation to predict the damage of humans and structure in a
3D virtual experimental space similar with the methane gas explosion
accident, For this purpose, the TNO Multi—Energy method model was
used to calculate the overpressure distribution at any given distance
from methane gas explosion source, And Analysis of the damage to the
building and the people in accordance with the distance from explosion
source was carried out by the explosion overpressure, As the result, we
found that the estimations of percent damage versus distance from the
explosion source for each human and building take advantage of the

accident prevention and safety measures,

Key Words : Chemical materials, Gas explosion, Explosion pressure,

Flame temperature, Flame velocity, Explosion simulation
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