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LPG 871 39& LPGe| A&l ¢ s#nte] oliel £719 gdo] ©tE W7t o 2 AFH

& Wxsta gl a3y LPG €71 std9 29l Foe 47 Zﬂ’-éu 2% 83 599 B9 87]
LH—‘?— & A5 Al olE WESY] AP AW WE BY 502 e 4 oy, 4 §7) UBd T
AE e AA WHe dig kA HE T é & gt E%-r?fh"’- 4714 A3" LPG
g SAF WmE A gH WETH W ASY 45 HAFOl olFAA ¢gn Qe HHoe|r).
webA 0kt S0kgl LPG €718 AA 34 @37 Tr/\}‘fL BHE Adstd 714 BaE AA
Wuo AA k2 $E A%E IR AF AF AFS Hl" G BEY B FEEe AT AT
7b g8t mEkA & AFeME LPG §7) 3 k% 4¥¢ F39 A A oA ‘?:I!‘:‘/J 2H& 1}
A WE FF Ale] el £7] iR oY Fad did vixe ¥ W Y wE sEe o
ol uat gt I A Sl 7 WRs o= 1F 774 WHol obd Wue HE A
FHHEEe A5 AolFE vk, A B Lot LPG 4719 #E BAE ¢ ¢l gHe
el 7legaat o

€7] <td W HSAPA ¢F F7E ol 8T LPG &7] td B 2F ¥ (2.35MPa)
e waEdL BE 4F TVIE ol&3d FHYY. o IV HEFE LPG HEFoE ¥
e 4 2-De) o Adddh

3 Mz . My . 213 )
W=Vax\ "y X 204 X 21347 @-1)
A7\l 4 W-LPG EZ4H) BAA B3 (e/h), Vacex 2w 1719 B/U2F (m/h),

Ma=%719) %@ #A%F=29, Mp=LPG3| %ﬁTX}?—* 463, (CsHa 80%, nCiHio 20%), t=2tm.
d7e FF LEolch 9 Ao $AE WU FAFW 4 2-2)9 o] "eh ol I
CGA S-19) FANME 1% & ok

W=1.15Va (2-2)

7lel A W=LPG E&4H &3 HEF (kg/h), Va = 2% t4 4 7Y 371%&%F (m'/h)
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$719 AR FAWEL FEFwIE 45 72 77 BANA AIHR 717 5
gol oiste] FAs o A4St shxg LE7F ASeA Ak WA Fge] Fsetn ¢H wn
o o] ool 8719 +UFH YR LE 45 $EE WD 4 @ ot A
g % st

CQ( tz - tl)

H=—""74

(keal/ m’ hr) (2-3)

dzjelA H: &7le] € I A ImY FE% (kcal/m'h), C : LPGY HE = 0.60 (kcal/
kg - k), Q : LPG® H3F =20kg, 50kg, tz : LPG $71¢ peoll W& %, 1 1 LPG 271949
pi(543 06MPa)dl &8 2%( 9C), T @ AL=7t t1ollA ol =83e Al A €E%8
e 47)9) ol LP 7h& §719 < WHe e A 719 T FE T dFl W
o Bk £7)9 FdFe] BobARE §7] WFY =9 o] oA I ¢ HE
ol A "o WHEaF 4 (2-4° g3 Addh

W= ﬁf‘—» (2-4)

A7) W = o wre) wEE (eh), H = 8719 @9 AAT £ (ad/mh), A = 871
o WA (), A = HE 278 2% Aot

LPG £7]¢ AlgHE AMIdeE KSD 3533(SG 205)2 3183 AR vjg2 C:0.29]3}, Si:
0.35°]3}, Mn: 1.00]13}, P:0.040013}, $:0.040 o]H}.

g71s MR W gHE oe Aoz iy & At

_2ft
P=-p

o7l A P = WY¥H (MPa), f = 7] A& AAZE (MPa), D = 8719 AZ (m), t = &
7] $39 FA (o)™, o Aol APE&719 FAE WYsA (f=448MPa , D =320 m(20
kg), 370 mn (50kg), t=36mm (20kg), t=40mm (50kg)) 20keS719 WtE Py

Pyp= 2X4‘§-280X3 6 100 =100.8(MPa)

50 kg & 719 Wt Py

Poy= ZX%-%X“- % 100 = 96..86( MPa)

olt}.
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Fig. 3-1 Lay out of experimental apparatus
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Fig. 3-2 Test bed

A vigde 49 8719 AFE FAEY] Ast] AF MM (oad celDE HAsm 2 4
of ddAE ol &ste] Wy, ¥d =Xk 2T AFH FHAE A A HF FHE
HE7] A st WUE 120 ZAsA R, A sude HEE FHsT v e
Aold + Y= vk APl AA A Feig Ze HdE TAANTNES A
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Fig. 3-3 Layout of locating of sensors

LPG &7 89 228 ZA37 93 LPG £7] E9o) Fig. 3-33% o] K-typed <3
@ dl(thermocouple) & #3319 1, &4 dAdE 47129 UL sl AR WM=g 7
zsto] &719 FEFol 4& nAH3Y HASHL FFG AN ¢ ARAHY BE&e HA 5
Aot E ZARJA HEEH SUSE o) £38ld 5me FEHE BE AR Ui daxs 3
7betd Astfh. £ E AARE 4R d2dY 9FL A8ty Ystd Gd A (Isolation)
& M3t

LPG €719 AFE &A1Y H3le 4gd vide] 224g Axsn 2 Yo dIAE ¥
of B3 Foll o 2= Ao &g BAERT dHolH HE HolEBL trenchE ol g3ty ¥
A el g dlojg] 2 A QA5 HTh

stgel x2€ F LPG 87 W9 4¥ HIAE =337 Y3t Fig. 3-33% Zo] LPG 47
BHo ¥ EWdXFA(pressure transducer)E AR AX A g1 ¢ WA S sPozyy
Bastr] f1ste] B3 ¢15 ZHeol 6me Y o] E(simless pipe)E Wro FAF F 1t #
ojxel ¢4y HMME HA s 2t molZoAel AL st uz 5B AN F /UL §
getn 4¥E WYstA .

Fig. 3-5, 3-6& A% gwxzo|g

Fig. 3-5 LPG bombe valve (KS) Fig. 3-6 LPG bombe valve (UL)
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3. 43 ¥y

Aol ¢4 FAH) LPG7E 48 24 LPG 470 gAY, 48 EAAFA 238 o)
Z 3 4 EWALAFAE FAY F A9 Yol LPG 4718 ¥ Z3A Adez nyde &
At Teol dA4d, 48 EJ2FA, 2EAR RE UL dojH AoEe B 2o £
2ol e dojy A dAs A

AEE& LPG 8719 nA dolg Aolge A2 Aert ¢tdstn 4 8 Ag FAG
F odolE A Axde] Ao Agste 7tE AAHAT

49 Fu7k 43 @ F LPG Agdel e LPG 47 92 g 2% da 49 2379 ¢
d& 008MPa2Z =AUt 7k Agde Hx8 LPG BA =& Uldw A 28 dax
W F 4 xdol 42449 29719 BB S do] ZE =Z9 d2& FFsto 3 danA 4
Al sAst 2e 4%E VEUT BE xZolA davt doju AA A T 4go @ 3
FHE LPG 8719 2x, <8, A% W3lE dojd Az AN2ddA 24 71289 LPG &
7194 stgol 249 w7tA] dYsAch Aol Bud Rulrle Hue A e LPG
€719 MEE 23 dddrt Ad Wi ¥Z4E F LPG 4719 4HE A4, 71583

LPG &71= 20kg, 50kgdl F F/olm, <k WHE KS 740 o8 Azd A% UL 71&
o o AFd A 2FFE LPG 8719 2tz dAstgch. E=§ LPG 4717 ¥90E At
LPG €719 44l vlAE 938 ¢7] Asted LPG £718 AL A% ¥ A9 2712 4
o2 dAs 48 3

4. 289 479 2 13
41 LPG £7] 89 =& 49

Fig. 5-12 20kg LPG &7]o} KS 2] sl Aztg 4 BB 2 A3 3 LPGE 20kg, 100%
FHEA AAEn 8 A, 2 AAM, dAF AME 32 148 REHA £7]18 stEElEge ® A
el W& e, 2%, A3k H3E veld Ao|th

Bgel x=&d F 11E 112760 b WEyt Z5e7) AFste] obd WH B& shxo 3pgo] 2
AL 1238 3020 hd MBNA A WEo] dojut 4§ HESS Uln £7]9 ZzHEd &
E3 slgo] £7]9 ARE Qo) 178 36x FE WE 27 jet fire7t AlER T 258 31k 23
H A ‘

Fig. 52 =4 9B (KS)E 2F3 20kg LPG €719 2ALL 100%E 3t 471 53
T AEE S Aotk 4 AAM, 25 AAM, AL ANE Zt7 1Y 2EHA &8 stdE
RE o Ao 2 Y, &2 Aol WEE 2§ Aot

LPG €717t 819e] =&d 3 1% 252 2E ¢bd WHoA u)ef W&ol AJZEe] 32 Ax 3w
E5°] #73) Azen 3% 48%d oj=2d THEAHQY ¢hd Wl thd zHgo| Elyit) 68 o
28 BEFo] F43] sl T8 Bz AsHAUTE 4719 AE AAddE g ¢ WHgA
o] g HE A1 HEE BAR, A4 Jtart obd WEE & fEHo 97 vl HollA )
3}, dAidte] §7] AAE ol o)A sk e LPG 4719 3 A4S gl

Fig. 5-3& Fig. 5-29} #& 4% =70y ¢td WE g KS 77 ¥y diddd UL F3d o Al
g dE MA EEE e LPG 4718 53 AHdAM 488 3 Aotk &4E AAM, 25 MM,
A AME 2 144 Faea £7]8 7Hdeig 9| A0 mE ofF, &%, Ao wgs 24
3 ZAolth :
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LPG §718 gl =3AZ F 2% 0Z°] ¢d HEdA Hxz2 7t2 W) ‘%E}h‘“ﬁ, 3%

1027378 28 $&25¢ %‘i}i ‘é—*h 430 l T 3027/}21 Boltrt XI*31°1 HES Holy
108 3027 ¢4 AZ=HAT. &
F8te &= o] g el pool ﬁree %‘/‘*6}%14“” Flg 5- 2—4 dgAM & KS 1’1‘7—-1 ‘QHS’% Hl
watE A WEHE TP 29 HEFo] o] SUoRE Aol stsadn wEE stao
A% g =¥ W 2 AE9E EA% 49 F 4g9 wgE no} 5."* HHE FAY 87
o YR FHEG Y s FAY dee Hon N$H 4 4L By
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Fig. 5-1 The relation among pressure, temperature and mass in case of exposing 20 kg vertical
LPG bombe to flame (KS)
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Fig. 5-2 The relation among pressure, temperature and mass in case of exposing 20 kg horizontal
LPG bombe to flame (KS)
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Fig. 5-3 The relation among pressure, temperature and mass in case of exposing 20 kg horizontal
LPG bombe to flame (UL)
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Fig. 5-4% =4 HHE(KS)E FHE S0kg §718 100% FH3td % FA7F Bkgd LPG $715
ARER 319 =& A 879 ¥gE @ f?_ Aolth. LPG €719 &¥ ’f“/‘i 7l 2x= AA 17e
dAsta AF A E At Aol W g, 2%, A WiE 24Y Aol

LPG €718 el =&A17 F 14% 203 <kl W=7} shals) *P—‘Jra}@ 178 402744
24 B o] ALFIArh 178 50z ¢ WEHIL ¢A AYE] FLL Fud sta
Fol vepen 280] sof &d AstE i

Fig. 5-5= Fig. 5-4¢ 22 43 zdeoz FHPXNE AHAstn @x LPG 4718 ¥8%
I Aoz Y AA, 2= AA, AF AME ZZ 1A BREM 718 Ese

Tol ME 4Y, 2=, AF WE 3T Aotk LPG 4718 Yol &A1 F 4% 52
Riol b MEIF ZAFety] AASAL 5 12%0] EEEAA 28 ¢4 wEo] yelgtth o]

Ao} 7kt 25 pool fire'" & HAst] §7) MAIL s AT, 9% 10&0] £7)7}
SGAHAT.  Fig. 5-48 Hlmste] 2d A9 & A9olE LPG 4717 ¢adstn &40] gle
FHF L &71ME 98 1027 FEgEd AL ¢k Wrz A4 7ta7t Ue) LPG §
71 FHAA Al o 8719 #E7F F7bd st Zvbe L7 4L FEE PEAIA B
st i Ao AzZEnh GAWEAA £E2E 449 7129 dxo st HolE Aolg, =
EAo] &4HTh Photo. 5-1& §7]19 H¥ FHE Yehd Aoz &HRIL old £719 A4
of EAsts FE H1 AIRI dEd Aoz Hop A sl FAE Vg2 A 4 FIt9)
ol 9% 871ARe Ax Art gde ddez Fgdrh
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Photo. 5-1 Rupture state after heating

Fig. 5-6& d& MAF HE(UL 73)& F&E kg LPG €718 100% 4T F Adsx 49
g Zoln, ¥ A, 2= AN, AF AME 4 1Y FHAAM &£718 JMESAE @ Az
of M& e, &x, AFe WE FHY Aotk LPG €718 gl =AU F 2% 35z
AH BB AFEAL 47 102 HFo] &714F 138 BAX 268 15629 &H3] 23FHA
o UL 74 &7] BEe F3g d dB e HEF2 4 dRo H|gt W& o] @gol 27] <&
A e BEAFE ddyes A dEd HE dig & 39S dot kg €714 AL
UL 72 e nluwste] 48 SHE B UEA 48S dASA FAse Ade] I4F Wuug
Aok Aol W FARSHA
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Fig. 5-4 The relation between pressure and temperature in case of exposing 50 kg vertical
LPG bombe to flame (KS)
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Fig. 5-5 The relation among pressure, temperature and mass in case of exposing 50 kg horizontal
LPG bombe to flame (KS)
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Fig. 5-6 The relation among pressure, temperature and mass in case of exposing 50 kg horizontal
LPG bombe to flame (UL)
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4.2 LPG §7] ¢4 ¥8 W& A

ofr

1A

Table 5-1& 50kg LPG €718 MY¥i KS 74 ¥ee UL ¥4 HHE ZIs4S o Ad %
72 9 2 Sl $EW $EF 5 UEhd Aol Fig 5-7& 50kg LPG 71w Alzkel w
e WskeE e Roln.

i

Table 5-1 The comparison between KS and UL valve in case of exposing 50 kg vertical
LPG bombe to flame

2 g |acws oYV ISR wsn | wz wew
KS 6~18& 12832t 212 kg 1.77 kg/min
uL 2~21& 1982 5%6.0 ke 2.95 kg/min

UL 74 ¥ee A% 22MPadlA Hdigts el R, 221 MPa AF9 oz o 587 ¢
& A&3tE @AL B4t 219 H)sld KS 73 dWEE Y Ago] AA3E 45 AT 2.81 MPa
7R 47 WE o] 443t KS 77 wEg UL 73 ¥re EA4& H2s) 2¥ UL 73
W A £7) MR AP o] wWie wao] bl Wy AE o] =LA A P
A% oA ZA HojukA feth KS 74 e BFS o4F Fe9 718717 Hlay B A
02 Hol & MR td Wr o] zFo] viokshiel A3 AR Boln HI Yol 231
MPagith 89 st 4 A 4vtg 48 2y

30
—o—KS valve
-a— UL valve

25 F

20 F

pressure (bar)
*

0 2 4 6 8 10 12 14 16 18 20 22 24
time (min)

Fig. 5-7 The pressure comparison between KS valve and UL of 50kg vertical bombe

—-371 -



——KS valve
—=—UL valve
100 4

60

mass {kg)

40 |

20 |

0 2 4 6 8 10 12 14 186 18 20 22 24
time (min)

Fig. 5-8 The mass comparisoﬁ between KS valve and UL of 50 kg vertical bombe

Table 5-2& S0kg LPG €718 ¥3¥3 KS 74 WEs UL 773 H9EE 236 E o Hd %
2 70 H 2 FUel HEd WEF 52 UEhd Aok Fig 5-9% S0kg LPG 871l At
e 49 ¥FgE vehd Aol

Table 5-2 The comparison between KS and UL valve in case of exposing 50 kg horizontal
LPG bombe to flame

S E TR T v T T
KS w4 2~6& 42t 372 kg 9.3 ke/min
uL #4 4~82 427t 240 kg 6.0 ke/min

UL 73 @29 Z¢ 283 MPaclA Aigs Ushiidla, AA Feie 5ol vmsted 4o
o2 B2 4E®Ss BAvh 20 HlEtd KS 74 HEE vuF o] 43 FSstd 987
1164 MPaolX 4719 gtde] s FAd 8715 4719 F $Pez RdHAed 3 *
A9 e BAHA &gkt

KS 774 iy UL 74 YEe o Ad wads vwstd Bd KS 74 WEE 360 ke/hol
¥, UL 74 HEE 568ke/hE JERAUTH

4 8719 AgolA KS 774 WE UL w3 Bee <A Wy B&Fe] Aolg F43 #98
4 Ren ol KS 74 ¥E A &7]9 sdz vyt
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Fig. 5-9 The pressure comparison between KS valve and UL of 50kg horizontal bombe
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Fig. 5-10 The mass comparison between KS valve and UL of 50 kg horizontal bombe

5. 4 &

W KS 1A% 95 UL 749 LPG 4714 HEd st A4 3 37 fA8 AY
ZAM ¢d QEY HEg e HE 4F AN S 2L FEE AUk

L KS 730 g3t A AFHE LPG 4714 ¢4 Hro F4& @A AHEHoxE LPG
€719 F4F LP-20 (0kg)ellE €719 otd B & A2 & de F&FYL & F Ak
2. LP-50(530 kg)ol .= 20kg 8719 T A ¢d WEE HLo ALEEn o], W&
o BE oF 2% o &7 A&E FH A8 A= Astel wme sHdo) FASAG
ojZeZ Ho}l LP-509] &7ldle A KS 77 ¢d WH BHEFeo] BREFE & F UM
ot

3. ¢Ad dE A2 dF 4&E F39 LP-502 A W& o] 558 ke/hol A w 47
o 3 d4E HolA ¥onZ LPG- 50 4718 WHe ¢t B Wwage 7L 4PEA
ool e RS ¢ F AU
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