A e =ER, A19H ABE, 2005

&1

=

HEE f0| &/ D272 %A pool fire 22154

Extinguishing Characteristics of Liquid Pool Fire by Water Mist

Containing Sodium Salt
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ABSTRACT

An experimental study is presented for extinguishing characteristics of liquid fuel fire by water mist
containing sodium acetate trihydrate. To evaluate the extinguishing performance of water mist con-
taining an additive, the evaporation characteristics of a water droplet on a heated surface was exam-
ined. The evaporation process was recorded by a charge-coupled-device camera. Also, small-scale
extinguishing tests were conducted for n-heptane pool fire in ventilated space to measure flame tem-
perature variation. The average evaporation rate of a water droplet containing an additive was lower
than that of a pure water droplet at a given surface temperature due to the precipitation of salt in the
liquid-film and change of surface tension. In case of using an additive, the flame temperature was
lower than that of pure water at a given discharge pressure and it was because the momentum of a
water droplet containing an additive was increased reducing flame size. And also dissociated metal
atoms, sodium, were reacted as a scavenger of the major radical species OH™, H* which were gener-
ated for combustion process. Moreover, at a high pressure of 4MPa, the fire was extinguished through
blowing effect as well as primary extinguishing mechanisms.

Keywords : Water mist, Additive, Sodium acetate trihydrate, Evaporation

T. of Korean Institute of Fire Sci. & Eng.
Vol. 19, No. 3, 2005

LM £

1987d9] EESE M oA GBS Y2 2
Ago] FABI Qi ARl A sslerale) g
ot L7k BT A, olo) wet B
e P zaA Bol el Mz & o] 1=

VE-mail: csshin@chungbuk.ac.kr

D AEREAEEEHA, K)ol A8 F gle Bt o

13

Hx o a2dE gyt TS 7EY R
aspdvlE frRsHY A28, 53 A2 Sk

I

-

Yt @] B8 AMgal] Wil 48 F 2 o3
2214 e 7b G el Ut

G n| 25 5E B A89 Dvgg’t 1000 um ©) 3}
Al BREEYE 43t 3 FEFE s A2 dusiAl, #

F2H, A718HA Sl A8o] 7hestr] WE 7k



14 el

Al A3bdule] oiA AspduiEa dRldo g ZhEE
3 e} mEREe £ A dAYESS JKRE R
W 22 59 8 ARG Wdad, B 43 5
Z7129] Zute] w2 ool gt Fr AtAe]
s ax s} JHAE Alele] BALE zpdel 9%
JAAT £ 2 PANI)E EFHE B 5 QP
2oFAEH B9 5L & HER 9 g ¢
2 F5E F oy, FeEdo] 27 wEd 557
2 7184 FHAZRE B 48 F73Y /AES
WA, o#d B 434%S F4ATI7] sl
A A7) AMEH 2 o] AR g, vt
2 FEAEA AFEHIL Je Aol FagekA o),
9 Lazzarini 59 FABIIERS A7/HAZ 814
D ERe 4345 WAl #AE A7E B3 g8
1301(CF:Br)ell vlsll &Za] F40] o 2% 38ty &
2 QAN 2gATel FHATEL Bt Finnerty
598 AR AAPE BRTE LA 2H ] A&
S A Ao g A oA] AREA] AstekA 9|
SAWA L a8 ARgeln, ol & s3] A &
A AMAE Bl £ BY FEEAE AT
T AL B,y o} YA AAE FuAE F 3

3
=220 AHE E A Ige= wgE AL
B3 %S AUA Hx g 7EE 2 4
b =gty dExHe W¥zh 2 side] Jng
B3 &g o)2A & 4 dok =z Downie &°
o] A3t ulof o]3tH, v|Y3IE E AHo| FEG &
XL 72ty A ¥g A4 g o U AR
go| Aal=lo] E AAo] g AE/A ZEIHA|
3t 3t FH=2 HAYsE AFde weEe dF
o] nERert AoHe AMRERA] Eiivia ST

slgo 2 RE HAUYD & A7 F99f 7EE X
A TR FESM Hu FE4AE B 2 FH e
2 A5185d oA Hedl, E9S Wzhste g
HEEE =& Bv oplg SurE gF o] A Y
o2 {359 A 75E YRR F9 /HE
H oA dFe] mE Futo] 97, T3 Mt
AE 73 &2 5y T2 E23Q I s
A 285 &S FFAITIH, dd o] Fast AT
= 4L 7, A QA o F7]%%e]
ol 3 Z23g 9% EAAYS wEsly vedS
APl B B9 E8d B4 WgA .

o vBREs 2gidvle] 38 Hd 24 5 vt
= AYAI "X EEFIAY), ol 71E9] &2
HZe] Au|ote) 38HAE FHo) Qe Hog, o

B LY =E R A19FH A3E, 2005

« A2

23 AGAI Ao e mlERe A3 EE T
717) 1&g Wl FolA HVMAE o g3k AL 2B
3 2HT F Y Ao FE5E AAE T3 E
AH2 AF S ME &5 F7tE A vEF
9] ol tig ARFHS PN Ao AT
F AU,
by wRFe] g - gerEd AT
I A @He FE) YA IR Aol
Z939, olalg M7/t Astahgol ojug Jake
7ReA BAse Ao "ashe) a3 olel g
E H3 9 FEA A ATE s8I HIHAE
S5k 9 AA 9 Asizbgolo] gL TEsedof
iz
£ #4549 A7HAE 53 vEFse
42358 ATElA) oM EA UEFS T3 ©
d dHe] FukLrE =590, small-scale Hu
el A 9] 3ek pool fireoll Thdt A3 AHAIEIA,
g BATGOZN HIHA o n| RS

AR%4E BASID,
2. HEEX| W WY

2.1 ElN Z4 A

Fig. 1] & 7oA ARG-SH a7 % AFFRE
el B2 syringe pumpE ©]-8-31¢] 0.001 ml/s
2 AAFAET, needle BollA A& xixe] FA ) 9
3l £ 5o Scm AAY 7MEE stainless-steel (SUS
304) EHol| ox|A Ft}. Steel FH-2 P.LD controller
o 2JallA A|o]E+= heaterZ 71RO H, FHOR
HE 1.5mm Zold] K-type EANE 4Uste &H

syringe pump

glass optical
fiber light

heater

desktop

PID controller  A/D converter

Fig. 1. Schematic of-evaporation experiment set-up.
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Fig. 2. Schematic of extinguishing experiment set-up.
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Table 1. Physical properties of the solution
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Fig. 3. Evaporation lifetime of water by the temperature.
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Density Dynamic viscosity | Surface tension Freezing o
Fluid @20°C @20°C @20°C point @30"C
(kg/m®) (Ns/m?) (N/m) (°C)
Distilled water 998.23 0.00089 0.072 0 7.0
10% Na-acetate 1029.23 0.00100 0.076 -8 8.8
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Table 2. Specifications of the tested nozzle

1.2 MPa 2 MPa 4 MPa

(Low) |(Intermediate)| (High)
Droplet size, Dvgys (um) . 96 91
Spray angle (degree) . 55 55
Orifice diameter (mm) 0.7 0.7 0.7
Flow rate (//min) 042 0.54 0.72

Table 3. Fire out times of n-heptane pool fire

1.2 MPa 2 MPa 4 MPa

(Low) |(Intermediate)|{ (High)

Ist 729"81 6'33"85 3'44"08%

Tap water| 2nd | 729"80 6'04"66 3'10"529

3rd | 701"54 6'11"19 313129

Ist | 7'16"71 6'25"34 312200

10wt.% 2nd | 7'14"06 620"41 3'04"87%
Na-acetate

3rd | 720743 6'30"72 3'07"36Y

ire extinguished.
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Fig. 5. Flame temperature variation of n-heptane pool fire
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(b) Intermediate pressure

Fig. 7. Interaction of water mist with liquid pool fire flame.
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