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Effects of Spray Characteristics of Water Mist
on The Extinction of a Liquid Pool Fire

Ho Young Kim, Sang Youp Oh and Jin Taek Chung
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Mist(ZF)

Abstract

A series of experiments were conducted to study the effectiveness of the extinction of a liquid pool
fire with two different water atomizing nozzles. Fire source is a small-scale circular stainless steel pan
of 120mm in diameter with the fuels of hexane and ethanol. K-type thermocouples were used to
measure the flame and fuel temperature along the pool centerline and under fuel surface. A digital
camera was used to visualize the process of the fire suppression. The experimental results show that
water mist droplet size is 115~180ym with nozzle A and 130~190gm with nozzle B. The
extinguishing time of pool fire was reduced with the increase of pressure. When water droplets are
small, they do not reach the flame base since they may be deflected or evaporated by the fire plume.
However, influence of flow rate is more important than droplet size on fire extinction. Among the fire
extinction mechanisms, drop of flame temperature is superior to suffocation of O, concentration.
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Fig. 1 Schematic diagram of water mist system

Table 1 Fuel properties

Fuel Ethanol Hexane
Molecular weight 46.7 86.177
Liquid Density(kg/m2) 801 659
Boiling
Tempemtme(aC) 78.5 68.9
Ignition Poim(OC) 365 225
beator | High 29.7 48.7
Combustion
M ow 26.9 45.1
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Table 2 Experimental Parameters

Fire Source Pressure
Fuel Nozzle 2
(d: mm) (kgf/em®)
3
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Fig. 2 The flow rate of injected water mist
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Fig. 3 SMD Distribution for different pressure

of nozzle A
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Fig. 4 SMD Distribution for different pressure
of nozzle B
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Fig. 7 Direct photos of hexane and ethanol fires



954 EREH0] AAAR Pool B 2] viNE B

32 & i Aol disted E=AT ez dAHR
Fig. 72 A7)7} ©+& o) diste] A= 3 Fig. 83} 99 &4 @3 gou}, A2
A3 oebed W sgel 44 vehd AoE darstedol vlsl Ao A7), d2EH
ol Table 191 Uehd 2 Zo| xkel Aago] o] #7] ol FFL BFFA FEol
ggo] vl 2m A8 HFLEI W7 HE 3 Zoz gtFEo g HFAM 2=E
o) 2% go] FYBoes & it o gl Ab SHdol) wisked Wi gre JERT
degsdne o 2 AL & F dvh £ & Fig. 113} 12& 2759 339 98t
Q9 777} E5E 989 FEUFH] ANEE 238 A5 & 2 o AAM A
2 59¢ Y4FE HAEH o AvE2 2 2EEEE HE EAY A2E, =& AdA
ggdo] e A EFFY B4 EFTE T o) BRgrdo] Skgflem’olal 3tde] A A
A 4L A% #ESAe 12F Ao mm¢ A$ 27 Gty olgg sgol A A
oty BRE£E FF8 dee olg A¢E o
33 1D AHARS B 2E o A% 2ol F BF AA x=Tem THAX
Age A7t H3g F el ARAHE A3 25 F g o] Yehiin sdA 2
FAY F drizke) Alzbo] Ak AHAM FF AFE 27} WolAT 250 A¥E HAFE
g TEaged, 28 ¥ Ada¥EE AR o =@ A4 3o AR 22 R wed
g stgdol 238 o 7R F sge] EAVLE 9 9z 27} ojBg Al vste] o
o A&stel ZAsY) Fig. 8~10& =F A%
e

A8 YA Azte] We LEWSHE HI = o]

AR Aoz o F9EL BV4E PR o

sdo] 4ss GE Afd WF Asold 2

Fig. 83 9% =% A9} BEFE ¥F57t 4t E

ddoz F52 do FE F BF o A4A & o]

A9 Azt BE LERHE WL £AT A =) ¥

oty BRae BT Mol H9 9 x=TemolA [P

7};01_ bﬂ.:‘\%‘ _‘Q:E% 5'_0) :i'T ﬁ(}ig: *‘?‘]Z—?_Cl,i Q__/_'r\_ [} 50 100 15%"“?3:;) 250 300 350 400
2 oxE Yol Y 9 28md F¥E A

wZo Ao FAEHY SERTE ) Ued Fig. 8 Time variations of .hexanle ft?me
o}, w2 2389 sl o) erEyE temperature at various locations

N for nozzle A (p=3kgficm2, d=
fU2He)A AY £ 252 Yrhln 399 120mm)

#Z x=20cm | E B9 2%9} ZolA}, o]
o
=

24 sl F 1egdde Y A% o xTom ol e

RAxols, EF57t FFHY EFFY #50 o0

olato] Bgle olBoz AA welA S g™

oz sPozA FAZANA F dxgelol F 3 o] Y

Aol 39 EW THelA B& 22 BATh £

=% Y 9% 2xdskE =F AY Wt = =1 LY

z By wo) vlate] FahA WE o)t =F A L R RL

oAd FFHE BRFY F3F0] xF B MY 2 NN I

7l ggo] stdol s FHo HS GHHI 9

2o U= datog sidAdg Fig. 9 Time variations of hexane flame
Fig. 10& =% AZ AbgE Ao oee 3d temperature at various loczations

o) W Aztel mE LRERE zhztel & wgk for nozzle B (p=3kgdcm’, d=

120mm)



1596 A5 -

Water raist applicd

Nozzk A

Temperature(C)

Fig. 10 Time variations of ethanol flame
temperature at various locations
for nozzle A (p=3kgfem’, d=
120mm)

11004 Water raist applied —2—0cm

Y

358988

X

Temperature("C)

g

0 20 40 60 80 100 120 140 160 180 200 220
Time(sec)

Fig. 11 Time variations of hexane flame
temperature at various locations
for nozzle A (p=5kgf/cmz, d=
60mm)

N
8

Water mist applied oo

§s

Temperature("C)
5883855838

Time(sec)

Fig. 12 Time variations of ethanol flame
temperature at various locations
for nozzle A (p=5kgf/cm2, d=
60mm)

751 |- Water mist applied

70

85 Belkng Temperature($3.3 T)|
60

Temperature(°C)
&
Y

avee
404 5
35
30 —c— 3(kgfkem)
Nozzie-A - - Sigliem)
25
Hexane <o T(hlem’)
20 Pool-120mm| |--v=- (ifrem’

15 +—————1 LA SO s s s S
100 110 120 130 140 150 160 170 180 190 200 210 220
Time(sec)

Fig. 13 Time variation of fuel tempera-
ture of hexane for nozzle A

with d=120mm
80
75 [ Water mist applicd
704
654 Beling Temperstare($1.9 'C)
g
£
]
=
b
a
]
&
30 —c— S(xgliem’)
2 Nozzle-B - o= S(gfem))
Hexane e T(kgliem’)
20 Pool-120mm| |- v- #kgemd

15 Frrpmspmyt T ¥ T
100 110 120 130 140 150 160 170 180 190 200 210 220
Time(sec)

Fig. 14 Time variation of fuel tempera-
ture of hexane for nozzle B
with d=120mm

Hro] Lxe) ZolAr dg9
FL BRAEd. 90 astEE
AzZbe BRSE FFEE £0RE o] AR

H7tx)e] Aztez AHosilon Jeg sdo &
A zko] Eidst ARt @Ml YEbstt
Fig. 137 145 22t =5 A9 =% Bl disl
+2 39 AH d=120mm¢ 6“4 3o
g o Azhell WE AAHG A5 2EE 9
gt oiste] Bla =AE 3o

o BEFE FFIA FE 7]71-01]: Mg
o =7t AM3E Frta) RR5E FHEH
LEE "AEA FostAY & 6] &73Ee B
o, o] £Ex Hatel dri¢k 3 BFHY
68.9°C EE} $A vehdeh & AdoME 2F
T dge X7t AAE A5L AT o)
olAd BF ¥ Jd8EYW 2% 4TS B
Utk =& A9 ¢ 4E Skeflem’FEHE &
37t #E Azho] o]FolA 7] WFEe] AFEHY



He

<29 H3E A #FF3]) FEAY =Z B
Me 48 Skgflem’e] A$ 9s5¥W 2=71 &
Bk Rt 437l o] FolAA g
Tkgfiem?] e ASEA %9 Fpoz 43
7t 88 B 5 Jrh g8o] wolde wet £F
o FFY FFol FUEy] Wi 989
227t §33] st A5 FEE dAge
EX 423517t o] RojAE 22 Mgt

ol

34 MaskE BE

Fig. 159 162 @45 dd £5TE 35
Azhel W ArEE BEXE xZ A% B
o} EAF 4l digte wa =AE A
o ArFEY FAHAAE £
o029 AafF4 B
stelo] shgAE 2 Ayl &
% A A4 AddMe darEET} oF 19~
17%2 dAEAY EF4E

el 2stel stgo] gAHo| AstA 255t
A 7 BFLE FFHER daTE 54§
AT Fol o] A HolN U2e=I}t B
255 HAoh ol Ui FEY 252 A8
U BEHE =T A9 497 =5 B BEH
O %4 Hobdg RAFH oA FFFTFI
2 =F A9 A7t Addez FRAZ A
& =3 BEG 2579 FIo AT A4k A
A7b gt a4 3 Hole AR ¥ee & T

e,

3.5 ASAZH
Fig. 173} 182 3199 A Fo] 120mmd 7

o

Water mist applied

02 concentration(% vol)

8 - o~ Mkgliend)
4 Nozde-A - o Skgliemd)

Hexane oo Tikglemd)
2 Pool-120mm| | -v-- $(tglierd)
0+

P T T T T
100 110 120 130 140 150 160 170 180 180 200 210 220
Time(sec)

Fig. 15 Time variation of O, concentra-
tion for hexane flame with
nozzle A and d=120mm

7zt =2 A Bol tfste] BRse) BRG
WE AgAY WskE EAG Aotk &
e 8R4 FF F AT dARY AL
2 §3len, #F4 TF ¥ 18027 AY=E
do] aAhE d4Y WE 43 BEFoz @
Atk =& A%t B BF R4 Sk
Aol ZAsE, xF A7F =F Bl H|3Hd
24
224
20
= 181
3
> 16
2
T 144
H
g 124
':;: 10]
£ 8
E 6] - IGigllem’)
o 4 - o~ Skgflem’)
] Hexane -oae- T(kgllem)
24 Pool-120me| | —v-- S(kgflem’)
o L PRI SIS SRR Su A R S s
100 110 120 130 140 150 160 170 180 480 200 210 220
Time(sec)
Fig. 16 Time variation of O, concentra-
tion for hexane flame with nozzle
B and d=120mm
200
Non-oxtingiushimont
1120
1604 Nozzle-A —®—Hexane
£ 0] e
1] \
£ 100 .
= \
5 80 |
2 0] \
£ N
5 40 N
204
04
20 , —
3 4 5 6 7 8 9
Pressure(kgffom’)
Fig. 17 Effect of injection pressure on
the extinguish time for nozzle A
and d=120 mm
200
(go ] Nonextinghushiment .
1604 3 Nozzie-B w— Hexane
L [Nozzle:BJ |~ Herane
B
5 1204
'E 1004
z
; 804
£ 60
ﬂ 404
20
04
-20 T T
3 4 5 8 7 8 9
Pressure({kgticm’)
Fig. 18 Effect of injection pressure on

B4 2RE40] AAAR Pool 39 230 olAE A%

the extinguish time for nozzle B
and d=120 mm



1598

TOHR WU WENTRHAER R T MWTRN W HTE TM
T T ﬂa«a«a«@w%%ﬂﬁﬂ wHT W AWA ok TOM Ao
Tpt LEexclfxTal RS Hux® wwTy few
1911_;4%@&@{ TR~ T s iy KW R Ko R B
THRREEE EIT LT 4% Fan FXw oy wE, TyT
o%ﬁw}aﬁo_em.ﬁ@ ﬂhimuw A S VIR - T o
R A R B PHE T whpa T T
Nep® TR TwgR ey T ool s e T e G
<~ @ ™ o ST RTE o SR T A ™ o] T %o CEC
Ry wW ET 2N L gV T how T_gmP I mMEd HW g
.A._L_LMM‘__LMI%A,_M_%]_H% a.ﬂa.d“ ! ?M.Mﬂo @qﬂr E%m‘_o_ﬂumﬂ =
—_ — (s} — e ~ 10 o K T o~
TP oET BIAR_#TELE ¢ ozt Rein_me~® Tig
e ﬂan«ﬂﬂrﬂw m\_:_.nﬂou_.ﬂ.%_ oo ok t: B o8 Mo o
ﬂ%%%%mﬂﬂWﬂﬂg@%iy Eﬂwkka%ﬂwwrﬂ@ Mﬂﬂ
o - S R G N N T3 OB N mro®n g o X o 1o
ﬂim.ao%_ﬁoywﬂﬁ%ﬂ%mw w:ma@amamv.wiwwwoﬁwﬂ T ok i
oo < Ry A H o BE T e T W
[ ok = R oo e D 5o Mg B R T oop 7 o W G AR e
g o S B2 w A 7 of ® o w TH W R
A A R W T ey Y 8T TG
WA P ERTTITNRTB TR HTFE <A N T T FE R
N oo W oW o W ol U
. . _@rq.fr&xﬂ%ﬂ@u%o_y_
£ = £ Iamesgaugros
R g _mlysXaIald
K] meu K] ﬂn.ulcTnA_lmwm@ R ® " <«
5 igs = S Moo HE ) — —
S i =] ﬂnu.*ﬂ]‘__._\ll,__._oxaa
Z Z M CREZR 5wy A
; T s § % LEmERZTL g
i g £ : DT EBE E ST e
| : o g 3 Q E..r_._AkeTAoﬂLM TO
i EE ] £ PR CSSoC 2%
: Eoo T R . - B )
2 ] o) ; S ® o W
N 23 RS N S S
it i3 AerdileTiine
N S NN | d% “rmozzlosBIUE
g ¢ 5 s % & ° & T £ 8 § ¢ & ° & mo,ﬂ,uzm%d,.o:aﬁo}ﬂ}ﬂ
{oesjouny ysmBuyx3zy 0.& {2es)ew] ysinBunxy 0.& Ov N % ﬂ Oﬁo O_I CT \Nﬂ N \_I %A .Dl.
. £ rpdzoTacizis
o o N T N <
HE W B W HTPHT

L

L

g
EEE
241

2950 o@ 23ADE oz Aok

L

].

Foll A

o0

w Al

T
a

1

3|
s

]

SH el A

=
[

A

w2}

al

= 3

|

7ve o M3

[e)

=

b2 o]

o Wzlol] whgk AzpAIzhe] WsE Aol gl

ol e} 2304
Ej]

<l



BR4 EREMo dAAAE Pool 3d9 23le] wX= A 1599

T A I ol wwEth wakAd, & 4
drz AgE SR Az 9% 23
Bohe 297 dsRdY LX) 9% 23
7 EFFd A% FE WSS 94T

?.

¢

+

ATt
= 7
E dF3e unggidx 20039 ¥ AFd A
Aol ot FHHJSUT dFu Ao F
Al=gynt
HOEH

(1) Hong, K. P., Lee, Y. J. and Kim, S. J, 2001,
"A Study of Smokeproof in Underground Culvert,”
Trans. of Korea Institute of Fire Sci. & Eng, Vol.
15, No. 4, pp. 57~63.

(2) Park, S. M, Kim, W. H. and Mawhinney, J.
R., 2001, "Water Mist Suppression System on
Underground Utility Tunnel," Trans. of Korea
Institute of Fire Sci. & Eng Atom , pp. 294~300.

(3) Kim, M. B, 2000, "A State of the Art for
Water Mist Fire Protection Systems and
Introduction of NFPA 750," Journal of Korean
Institute of Sci & Eng, Vol. 1, No. 2, pp. 2~5.

(4) Lee, K. D., 2002, "Optimization of Exting-
uishing Performance and Effect of Additives for
Low Pressure Fine Water Mist System,” Dept. of
Safety Engineering Chungbuk National University
Doctor Thesis.

(5) Jang, Y. J., Kim, M. B. and Kim, J. K., 1996,
"Experimental Study of Extinguishment of the Pure
Diffusion Flame Using Water Spray," Trans. of
the KSME B, Vol. 20, No. 2, pp. 624~631.

(6) Jones, A. and Nolan, P. F., 1995, "Discussions

on the Use of Fine Water Sprays or Mists for
Fire Suppression," Journal of Loss Prev. Process
Ind, Vol. 8 No. 1, pp. 17~22.

(7) Wang Xishi, Liao Guangxuan, Qin Jun and Fan
Weicheng, 2002,
Effectiveness of the Extinction of a Pool Fire with
Water Mist," Journal of Fire Science, Vol. 20, pp.
279~295.

(8) Jeong, J. Y., Ryou, H. S, Lee J. H. and Hong,
G. B., 2002, "An Experimental Study of Smoke
Movement of the Various Fire Location in Room,"
Trans. of the KSME B, Vol. 26, No. 5, pp. 703~
709.

(9 Kim, S. C, Ryou, H. S, Patk, H T. and
Bang, K. Y., 2003, "Effect of Spray Angle of
Water Mist Nozzle on Temperature Field of
Compartment Fire," Proc. of the KSME 2003
spring, pp. 1703~1708.

(10) Ndubizu, C. C., Ananth, R., Tatem, P. A. and
Motevalli, V., 1998, "On Eater Mist Fire Sup-
pression Mechanisms in a Gaseous Diffusion
Flame," Fire Safety Journal 31, pp. 253~276.

(11) Yao, B, Fan, W. and Liao, G. 1999,
"Interaction of Water Mists with a Diffusion

"Experimental Study on the

Flame in a Confined Space," Fire Safety Journal
33, pp. 129~139.

(12) Shimizu, H., Tsuzuki, M., Yamazaki, Y. and
Koichi Hayashi, A., 2001,
Numerical

"Experimental and
Methane  Flame
Quenching by Water Mist," Journal of Loss

Simulation on

Prevention in the Process Industries 14, pp.
603~608.

(13) Richard, J., Garo, J. P, Soul, J. M,
Vantelon, J. P. and Knorre, V. G., 2003,
"Chemical and Physical Effects of Water Vapor
Addition on Diffusion Flames," Fire Safety
Journal 38, pp. 569~587.



