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ABSTRACT

Halogen-based fire suppressing agents have been the most effective fire suppressants and
widely used for flammable liquid and electric fire. However, they have environmental problems
causing stratospheric ozone depletion and globe warming. As a substitution of halon, fire suppres-
sion system using fine water mist is one of an effective fire suppressant. Suffocating and cooling
effects of water mist are increased by the evaporation characteristics because it has droplet size
less than 1,000 pm and very large surface area. In this study, the extinguishing characteristics of
fire was measured with changing of water mist droplet size, flow density, discharge pressure, and
fire size. As a result, the extinguishing time of pool fire was shortened with the increase of flow
density, and in case of low flow density less than 0.5+0.05 ml/cm? - min, the extinguishing time
was shortened with the increase of droplet size. The cycling discharge was effective for n-heptane
pool fire, and total amount of water mist required to extinguish fire was reduced to a quarter com-
pare with continuous discharge.
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1. M = A FRstAel 7P B SeHE a3leflE 1960

Ao 2ol pdEo] Ha7kA RS A28 5

SAZFEH A% R A g ol A& - A ARG ARSE FE 13012 €€ 1211 5 CFC A
A SAE Al Atk BEAY asekA R A T &asfepAlelnt. 2y EEA &stelE AT
HE AMg-3leol 3, o]& Aslokd] B AsdE] & dEAFe) e AR} Bof BHEAE oF7lEtL
sick. 23k Belol M CFCe) AHg- MA1Ze) A9

' E-mail: csshin@chungbuk.ac.kr 1996 dRE] AN Qon, MaeAdZe 201087

41



42 o}7%

A FAFHOZ 1 AME-E FEEHAL, L olFE AL
|8 9A3] FAATIL ) ofdl] =2 tA] 4tk
A2A eE&uAA 7 W A oA EEAsE
¢l HCFCA9] a3lekAlE Mgste glou), o] mEsh &
AZ BR8] E-o| ohn = 2020~ 2030874
o U PAELR 3832 e ot

wahe &8 AslokA|e] @AA TARSASH o o
v)sty, A7sA, AsdAA G ARSANE Fshstr]
A% whg o2 A oGS F4] Y A7Ee]
sl #AE Fo A7EY] AlFEE &ghile] vlA|
ERY Aspdvlold,

oA EEE Askduje A2 BS ARESH
= Al oiM AZZPFAn]e) 2ot YA
2 wAbst] DV 1,000 pm ©lgHe] ERRE fhEH,
A9 wartagdnle] B4t zho] Ao E F95 ¥4
VA AFEE-S dthe dod 2xdFejdv)e}
237 o] gEr). & AXEFe ] AYR
Hlg] YAt g EEe] A7) wiel slgHelA

g L

[«

Lo

Fudo] Ahe) FEE FAAIE F42e 5
do) 2EB AAINE ARG o5 23tare
FEAT £ B 2ol )83 HE
BAEA) FFE FA oWA F540] Y,
AR Ev} 20, 2ohE ol % 234 &
Ao} igyel AAY gk, 2z 2xgBl
Hlshe @) fREAL H718) 8ol Fhs st
= Ro] BHo8 FRSA NS 12 SeA &
shavlel oA 237l SEE A7t AYEL
sl Rofolch.

g FoMe Besiel uoh AR 4312 S5}
PRwe olgate] TPPANA AR BYA
wEde @77t AYE o, Tl o
| 2 fARS NES Fol7] fste] AP}
FoA2RE 2sdul) da o&H A7
9 SAANPoZTH Yo Bokzel 882 9

o u fir
)

2

22 oo 2
o g e
(o

B
ot

>

Table 1. Performance of a spray nozzle

§ A7 AYHZ Ak

2 dFdMe FFRAE A A% vAEE
T gu] see] J2UAR pAERT A=), W
AREE 9 sE A7) BE #RR3AY 23544
2SS AR Sl en, W WA CIM
FReAe ZAHA dA=7E AR st

2. O|EH Hll&d

B 5o HER 2RI E s tE AstekAln
gz AE gA - A8l A P 2 B3
B4 /R gJon, ZdE o of 1700812] T
AL 3 HERZ sdFHAdA e s gaa d
E2RE == $71§ A &g B 50
~300 umZ vlg3ste] HARFIA HE YAte] B9
Aol golx g B3} 3td BE Alejo] ddY £
7t Z7¥8l2, o2 8 EWEd wEA 5712 vt
AWA FH9 7] o) ot A st
AAH T Ao stihFrel Astet F7])9 F4
2 HH gz AEaAE FuAch

o|Z|gt WM EEF FLo mE 3|9 AshFt
UES R e2RE AASETY S8 93
Aol AAEES AR WEHE G 5%
A A o) asldFe] AAET, SFY vA
EEFY 58I 4% FUHe 71 A 98
271187 8428 os] astdE

KN
colEE o Foll S vAE e /FE

3
oAzl gl o8| 2
JYHETt ARA. 0% D) F& L AAS} Ak
o] AAC 2 Jere ML ARE AAE
7o) YAEsish WMARE 2 shgdol HeEE 3
AR o5 Be) MZF, A%, o% ¥ EAYND
2o 29 227 543 YA, 2ol 27) 2
Fejsh e wZEAHe) Wk HA9Ack ol Al

Increase in Increase in specific Increase in Increase in liquid [Increase in surface
pressure gravity viscosity temperature tension
Flow rate Increase Decrease Deteriorates * Ne effect
Spray angel |Increase/Decrease Negligible Decrease Increase Decrease
Droplet size [Decrease Negligible Increase Decrease Increase
Velocity Increase Decrease Decrease Increase Negligible
Impact Increase Negligible' Decrease Increase Negligible

=3 Yook Ak ool &

tFslay - SRS, A15H A4E, 2001



A #sle] mE opERTe LelEd 43

BETS] BAEAC 9L VA= dAEE Table 1

o UehA ity
3. AlEEx A YH

oA ERERY Astgre AA BT I AA
NYPAE YA T =F] B4 &, BEYE o}
& JAFY], EEFPULE, £5ZE, YAHEE B
wld} &350 ARP. o|#idt HAEA M gt &
FaRle] AslEdS AY3] dst AR SR A
AAAE Fig. 13 Zo] A&t ol A=
WA o] 85cmX85 cmol . Eol7t 130 cm$)l A4,
71k, vIAIERETe] WAHEEE Ssr] Ag A
FEog FA4E. o gge] A7E A= FH,
AEH, da87]9 A7 v HE ZoE ddy
o] n-heptanes} ethanol2 100 m/ ARE3lH o, Hd4
£71% @83e] 11 cmX 11 cm(panl), 15.5cmx15.5cm
(pan2), 19.5cmX19.5 cm(pan3)$} 22 cmX 22 cm(pan4)
& A5t s zr|et sl O rHNEERE &
sdue) s S S

AA v ABET Avloe HEZE AHEste] ulA
EEFE UMY, B AgddAae 45 EFEs o
7] 95 TPAAEZ FZE 3kgem’~10 kg/em’E
7Wetete] BRsgon »22 TRl cone)=E S
AR, olw Bl whEEAE FAIE4

HAFYAA7)(SMD : Sauter Mean Diameter)&=
Malvern 260024 2] YAREAAE ALe-3te] EAQME
of we} mAEEFe] HFYdH YHREEE 43
fon, MAIEERXE Z2437| A3 FLT 2719
AeEs =FdA 1m ofgfd dxsle 3 kg/m?
6 kg/cm?, 8 kg/em?, 10kg/em?’® 187+ 9HALS 2z} A
FEo FHHALES St

- ventilation
>l

personal
C

converter

a1 —

article size analyzer
Malvern 0)

tank
\ thermocoupie (

1
patternator

Fig. 1. Schematic of the experimental apparatus.
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Table 2. Characteristics of nozzle (discharge pressure :
3 kg/cm?)

Characteristics| Orifice | Flow |Droplet
. - Angle
diameter | rate size ©
Nozzle (mm) | (@/min)| (um)
D1 0.79 059 | 178.7 | 40
D3 1.2 0.95 | 161.09| 65
TG1 0.94 0.74 | 17642 57
TG2 1.19 15 | 19523| 51
7N-1.5 - 069 | 12296 -
7N-3 - 14 | 13496 -
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Fig. 2. Droplet size of water mist by the change of
discharge pressure.
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Fig. 3. Discharge distribution of nozzle by the change
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Table 3. Heat release rate of ethanol and n-heptane
pool fire

Pan size

Panl Pan2 Pan3 Pan4
Fuel (121 cm?) | (240 cm?) | (380 cm?) | (484 cm?)
Ethanol 49 kW | 9.7 kW [ 153 kW | 19.5 kW
n-Heptane | 6.2 kW | 17.0 kW | 33.1 kW | 46.9 kW




LS wigle)) mE wpAERT e 2515 45

| —— Without
| water mist

- TG1 3kgiem®
(176um)

~— 7N3 3kgicm®
(135um)

— 7N1.5 3kg/em?]
(122.56um)

~— D1 3kgicm®
(178.7um)

- TG2 3kglem®

\ (195 um)

\

700 4

600

: m}:«-w:’w‘-v\/‘w“
BV N

:.\}“A \‘\
\ '\”\\ \
‘.1 \ \
LA
RN \.
| N

500

\

400 1

300 1

Temperature [°C]

200 1

100 1 g

S

I
I
|
|
:
|
|
|
|
|
[
|
]
2

4 8 8 10 12 14 16
Time {min]

Fig. 5. Flame temperature profiles of ethanol pool fire
by changing the droplet size at 0.50+ 0.05 ml/cm?- min.
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Fig. 6. Flame temperature profiles of #-heptane fire by
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Table 4. The extinguishing performance of continuous and cycling water mist discharge

Discharge mode Continuous discharge(4 kg/cm?) Cycling discharge(4 kg/cm?)
D3 7N1.5 D3 7N1.5
Nozzle type (1.1 m//min) (0.79 mi/min) (1.1 mi/min) (0.79 mi/min)
Panl Pan2 Panl Pan2 Panl Pan2 Panl Pan2
Extinguishing time (sec) 363 125 641 222 418 152 621 189
Amount of water discharged (ml)] 6.66 2.29 8.44 2.92 3.26 1.14 3.42 1.05
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Fig. 10. Effect of cycling discharge of water mist for
n-heptane pool fire.
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