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ABSTRACT

LPG explosion characteristics in non-uniform concentration was investigated with a 270 liter
explosion vessel of which the scale is 100 cm X 60 cm X 45 cm. Vented explosion and closed explo-
sion system were used. Experimental parameter were position of ignition source, nozzle diameter
and flow rate of gas. Non uniform concentration was controlled by the nozzle diameter and flow
rate. Explosion pressure were measured with strain type pressure sensor and the flame behavior
was pictured with the video camera. Based on this experimental result, it was found that the flow
rate of gas and the duration of gas injection are important factor for mixing the gas in the vessel.
And as the increase the non-uniformity of gas concentration, explosion pressure and pressure rise
rate is decrease but the flame resident time in the vessel is increase. Therefore gas explosion to
fire transition possibility will increase in non-uniform concentration gas explosion.

Keywords: Gas explosion, Fire transition, Non-uniform concentration

1L.M £
Hgo] gA)

T. of Korean Institute of Fire Sci. & Eng.
Vol. 17, No. 4, 2003

Fiol HEA 2 F2 A oo Y H
e FolE §718 B 7kx FFo| o

oY 2 Este] s s Age] HgA ¥ ol
2t 71E9 Ment A RS d4A] B EE W
2R 4% FHoHe A7) AT A o

3 AP e R AEEE AR FErt gt v

FUIHE AR} WA oA P st Fo
Yol A2 B W Aol Ay 1 AR AHge]
43 Frbsigich. HE 7bs BUE B9 shne]

f E-mail: khoh@office.hoseo.ac.kr

111

2ojx 7HdARS] YRR NAUEE YAEL
A= AAgolt.

7t d 89 AN WE WA @ edY da
Sl A Folg whd vhxe) F&3) oo g =
2 s Atz s At £48 sk b
Aol thulRr iere) wast Qhdejde) Bt B
=) 7k B Ajae] e 9593 9632 A
Hog Zasty Jde AFS Holae dov oF =
B Aso] WAE T Aok AlngAe] w2 o8

a2 e

o



112

WEE 20029701 AT 597 ARS AAE skaAtT
dgog FEI Q4HL § HF AN FaolA9
ALY 60~70%E AAEE low, =3 722
o] B 7k AlZE FEEE A A S o
) Aot AA ALY 60~70%S AL Y-S
E £ Qled o)g dajdoz e oRt o '
< ves AAEE Yo AL & F Utk =
20024-% 71Fo g 7 AIRE 24T A, vg
o] #4489l TRt} 7P TAIZEATL oF 20%°] 2,
zzyo] FAHER F7)Hct FAHL LPGr/E 5% ©143
o2 YEhy itk LPG7t mAI7E2e] H]ste] Alaiz
F7b & AL LPGr) Rt FAY AFsh= ¥
Ax o FF FH HE AR T B
& ggle] & Row B £ Quph

o7jollA 7ia ol A AR iR 7S
7t ¥&Ho| F7Wd #dF TEE =] A
Zslelo] HAlsle BdY w5 £t~ 2 Fe
g o]FA aAg.Y

a5 7Y TxoAe s Ed EAo) distee
2o AxaEe 9ty dArso] fomd FHFAHY
AL A o2, AP AFAEC| Bo] FrE
Qou} Aty Fukg 74 g mRoAMe Fo 5
Aol g d7e dv 232 14 2 Feo] oF7]
g A7 AEEE Fohus)zt eSO

wela] B dpdMes o'ejdt wiAES uiRoR
LPGE AN&= AMEslo 7k Y3 =59 A
9 ks W A7EN Ead e %S T
X, 49 T dddo] wAEe 209
188 S35l 299 BE PN 7k Hut

FAHoz FFSA o|F BEEo] °|xH

2 7HE F dE FAR Ho] APAL &3
2} sk

ox x
to n¥ k
o

[

2. HEHEx % Y

AFAAE A FL5H AS e T
soem MFHQ FAEE Fig 1% 2ok FE5Y 2
71 712 AZ Fol7t 247} 100 cm, 60 cm, 45cm=
A &Y olmES] AH A7 Aol BHE oF 152
29 FelE S e UL Fustgel A
SR & THAIstElaL st el A wEs] s F
¥ ZEIIRUOlER g wESeH Adde ¢
Axet AFP=E FAY 4 UAeF AL 52l
T Azl AlEtA FY =52 TS BEd
o 283 HE5Wole BEEE RS AY ReR

LSl - Surers] =ER A17H FH4E, 2003

Strain amp.

I Oscilloscope l Plotter

1s

= (s

1.S : Ignition source

P.T : Pressure transducer

Video camera

Explosion Chamber
(100cmx60cnX45cm=270¢)

Diaphragm

Fig. 1. Schematic diagram of experimental apparatus.
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Table 1. Flow velocity of gas according to the variation
of nozzle diameter and flow rate

Nozzle diameter
(mm)

Injection speed | Flow velocity in
(fmin) nozzle (m/s)
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10.62
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1.33

2.66
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Explosion pressure{kg/ad
<
8

Nozzie diameter{mm}

—¢—Flow ratg 18rain, ignition C -~ -¢- - Flow rate 14/ min, ignition B
——t— Flow rate 28/min, ignition C ---&--- Flow rate 2¢/min, igniton B
~—— Flow rate 3¢/min, ignition C ---© -- Flow rate 3¢/min, ignition B
——Flaw rate 4¢/min, ignition C ---& -+ Flow rate 4¢/min, ignition B

Fig. 2. Explosion pressure of non-uniform concentration
LPG-air mixture according to the vadation of nozzle
diameter in vented explosion.
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Pressure rise rate(kg/m?s)

Nozzle diameter(mm)

g Flow rate 1#/min, ighition C »~+¢--* Flow rate 1#/min, ignition B
e~ Flow 1ate 2¢/min, ignition C +--&-~- Fiow rate 2¢/min, ignition B
~—8-~ Flow rate 3¢/min, ignition C ---© - - Flow rate 3¢/min, ignition B
~—m-— Fiow rate 42/min, ignition C ---Ek -+ Flow tate 48/min, ignition 8

Fig. 3. Pressure rise rate of non-uniform concentration
LPG-air mixture according to the variation of nozzle
diameter in vented explosion.
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Explosion pressure{kg/ar)

1 2 3 4 5
Nozzle diaeter(mm)

——Flow rate 1¢/min, ignition C - --¢--- Flow rate 14/min, ignition B
—a&—— Flow rate 2¢/min, ignition C - -4 Flow rate 2¢/min, ignition B
—#— Flow rate 3¢/min, ignition C - -E+-- Flow rate 3¢/min, igniton B
—@—Flow rate 4¢/min, ignition C ---© - Flow rate 44/min, igniton B

Fig. 4. Explosion pressure of non-uniform concentration
LPG-air mixture according to the variation of nozzle
diameter in closed vessel.

Pressure rise rate(kg/cn?s)

Nozzle diameter(mm)

—e—Flow rate 1¢/min, ignition C ---¢--- Flow rate 1¢/min, ignition B
——a—Flow rate 2¢/min, ignition C ---a--- Flow rate 2¢/min, ignition B
—&— Flow rate 3#/min, ignition C -- -8 -- Flow rate 3¢/min, ignition B
—e—Flow rate 4¢/min, ignition C ---©--- Flow rate 4{/min, ignition B

Fig. 5. Pressure rise rate of non-uniform concentration
LPG-air mixture according to the variation of nozzle
diameter in closed vessel.

A g7k27t F71ET £A9 87 ok FEol F=7t
o 279 AHE gAML sle o= Amdrh
Fig. 2¢} Fig. 39) 34 Azl Zujtas 4AYS
Exo] AAQ g 2 Av)7t glon AU 4
PG ved Aoz, sdue] Axe b2} I g
EEile

o Fig. 49 Fig. 55 FAZL o 7571 2
A=A ke LAFAANY EFY TEAN L 54
olth. AFR7E BAE B4 A AYeE =T
o FAo| FHErE TEYYS FHAYTE=T

g3l - 288 =&, A7d 42, 2003

400

300 | L

Ignition delay(m/s)
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Nozzle diameter(mm)

—e— Flow rate 1¢/min, ignition C =--¢--- Flow rate 1£/min, ignition B
—a&— Flow rate 2¢/min, ignition C ---4--- Flow rate 2¢/min, ignition B
—e~—Flow rate 3¢/min, ignition C ---©-* Flow rate 3¢/min, ignition B
—®—Flow rate 4¢/min, ignition C ---EF - Flow rate 44/min, ignition B

Fig. 6. Ignition delay time of non-uniform concentration
LPG-air mixture according to the variation of nozzle
diameter in vented explosion.
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Explosion pressure{kq/ar)

1 2 3 4
Gas flow rate(¢/min}

———Nozzle diameter 2mm, ignition C *+-¢- - Nozzle diameter 2rmm, ignition B
——&— Nozzle diameter 4mm, ignition C ~--& -+ Nozzie diameter 4nm, ignition B
—8&— Nozzlg diameter 6mm, ignition C - -EF -+ Nozzle diameter 6mm, ignition B
——8— Nozzie diameter &rm, ignition C - +~© - Nozzle diameter 8mm, ignition B
——x— Nozzle diameter10mm, ignition C -~ % -~ Nozzle diameter 10nm, ignition 8

Fig. 7. Explosion pressure of non-uniform concentration
LPG-air mixture according to the variation of flow rate
in vented explosion.
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Fig. 8. Explosion pressure of non-uniform concentration
LPG-air mixture according to the variation of flow rate
in closed vessel.
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Flame residence time(s)

2 4 [¢] 8 10
Nozzle diameter{rmm)

~—e&— Flow rate 12/min, ignition C --+¢--- Flow rate 1£/min, igniion B
—a—Flow rate 2¢/min, ignition C -+ -4 - - Flow rate 2¢/min, ignition B
—e— Flow rate 3¢/min, ignition C ---©--- Flow rate 3¢/min, ignition B
—— Flow rate 4¢/min, ignition C -+ -Er-- Flow rate 4¢/min, ignition B

Fig. 9. Explosion flame residence time in the vessel
according to the variation of nozzle diameter in vented
explosion.
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