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Experimental Study of Extinguishment of the
Pure Diffusion Flame Using Water Spray
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Abstract

This study describes extinguishment mechanism of the purely buoyant diffusion flame using the
water spray. Experiments are systematically carried out for the oil pool fire with the six different
atomizing nozzles. From the measurement of burning rate which represents the combustion
intensity of fire, it is observed that the water spray is able to act to enhance fire rather than to
extinguish fire. The air entertainment due to the water spray is visualized to understand this
phenomenon, acting to enhance fire. In order to observe effects of droplet size on fire extinguish-
ment, an amount of water which reaches the flame base, fuel surface, and mean diameter of
droplets are measured. When water droplets are too small, they do not reach the flame base
because they can be deflected, or evaporate by the fire plume. Therefore it is quantitatively shown
that the water spray having too small droplets is ineffective for extinguishment of the oil fire.
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Table 1 Nozzles used in experiments

FI()w/ rate Spra}:‘ Type
(gl/hr) angle (°)

A 0.5 60 Hollow Con'e_

B ; ]5 80 Solid cone
¢ | 235 | 60 | Solidcone

2.75 80 Solid cone

E 5.5 80 Solid cone

F 10.0 60 Solid cone
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Table 2 Validation of measuring method of
water weight with medicine dropper

Given With dicine d
i r 1]
Weighten e ;c1ne oppe Error(g)
(g)

(g)

0.05 0.09 0.04
0.09 0.13 0.04
0.17 0.20 0.03
0.25 0.27 0.02
0.40 0.42 0.02
0.62 0.63 0.01
0.78 0.79 0.01
0.94 0.96 0.02
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Table 3 The amount of gasoline evaporation

Evaporated Weight (g)

Evaporation tme (s) Fuel Fuel Fuel Fuel Fuel
temperature temperature temperature temperature temperature

50C 53C 55C 57C 59°C

10 0.03 0.06 0.07 0.08 0.08
12 0.05 0.08 0.09 0.09 0.10
14 0.07 0.09 0.11 0.11 0.12
16 0.08 0.10 0.12 0.13 0.14
18 0.09 0.11 0.13 0.15 0.16
20 0.10 0.12 0.14 0.16 0.17
22 0.11 0.13 0.16 0.17 0.18
24 0.12 0.14 0.17 0.19 0.20
26 0.13 0.15 0.18 0.21 0.22
28 0.14 0.16 0.19 0.22 0.24
30 0.15 0.17 0.20 0.23 0.25
32 0.16 0.19 0.21 0.24 0.27
34 0.17 0.20 0.22 0.26 0.29
36 0.18 0.21 0.23 0.28 0.31
38 0.19 0.22 0.25 (.29 0.33
40 0.19 0.23 0.26 0.30 0.35




£nmo) ol £8hE AMekxlo R B als] 98
SIS siz]e] Alg wdt-o] g _O,MI -
ol o 47bng veh el

& oln| of A} OO0 9]—5}07 AI,V,V‘J
v}, 4229l Oil pool 3hafe R R KLY !
e Behud ofvel, % GteldE Ak

o

Q 7} L5} -

a3, T A AT
1

R

LERL
==
© ES

o] 4 9]

G2 2l ¥y oiAe HEAd 5%

B

glod, FEF
xﬂ A abaal akch,

o olgl shAle] Ashi b o

Fig. 32] sZ24d 2taslis qd e ol
ol it gvlel mubglis dbebs weqhelel b

o
o8-

£ R SRR W 4019
giazvl, tesrol Al Abobul Sk 4l b ashel 4%
dofabd e 4 a7l siitelrh Fig 3ot
qred shol uhel fEEER kel 2ol wlshelxl €}
Soeli g b 4 elizul, el gl 4l
pagabe Hysrelel Fobel ahe AR AL 4
LA T R R S R
bl
Fig. dta 3= 5570 glas Adaialz 4ol 4]
Adb Aokl R g el e, 40
A SPA b el ghuh, ol /R

2ol A 2]

Pressure {(kg; fem?)

Fig. 3 Effective flux, W, on the pan versus the spray

pressure

I A I R ey

Fig. 4(b)
A 3ol

o

whel 3f

Sobi el A,

A el dueldel dakd A1

|
Alebadedl, #8
iﬁ

ol Al st el Ao 2A

2 1 .
./.
v
/.
— 2} ”
o /;/
a Vad
o] L
2 %
a. (B P
= Vad
2 al
o Vel
<ot Pl
—_— /'
S o
[l s
. A
Al ./.
/'/
e
0 d 1 1 L 1
0 50 100 150 200 250
Time (s)
Fig. 41a: Gasoline consumption rate without the
water spray
1.2
Lol
;% »-11~1r~.7l-!—l*‘L‘.'JL—.’J"‘
0.8 .
o -
%"‘,
0.6
@
W
=04
o
g
£
K02+
(). ” 1 i 1 A1
] 50 100 150 200 250

Fig. 4'b

Time (s}
i Burning rate of the fuel without the water

spray

min. )

Burning rate {ka/m -

Nozzle

-O— Nozzle

moms

Fig. 5

Pressure (kg Jom?)
Burning rate with the water spray (Spray pres-

sure | 7 kg em®, Nozzle type | F)



ol

At S-E ol B4l g ahabsbed ol astell dhal Aldly

LA el | R ST R Bt A I S - e K B

stededof ofdte] = A grle] 5 4

shvh, dAdt A)7bel Alvpud Bped v L7l9p £ 4
o gafde] ool ol sfo]l violak FH kA
F7kakAl 9b7] el

Fig. Sofl = %+ ‘c} Hl ool aligg 7 ke
e wie dEAlEkgldzn, b4k 02 2pod
AaAlel oligs 01“] greh Alglel] AMgy e E
E, Foll "isledw dafol dFqtidol ube} &4

R F 40PL}7P ’-JP} dofurl #4718 ok Spray pressure °
T ek olwl el Sl i e I I I R | Fig. 6

Before spray

10/30s

Spray pressure
Nozzle type | F

13/30s
Fig. 7 Fire extinguishment process by

kg, /

:]L

7kg/em®,

2
cm-

the water spray

629

Nozzle type : F)

Air entrainment visualization




630 e AR
ul o] aloll #uiEl: ko, F£EFr 93¥ shE
2o 4% A Aot =% B C Do A
Lo Halgre 10 kg/cm?hzl £3krF PofviA
orokorn}, xZ E, Fel njartAZ Aladdaate ol
Adaguc B 3 shaT, ool BAH,
2850 od e ALEFAAAE ofdlistr]
dhoy B24E uet fol=ElE 7)o s H &
3o & F& A3k

Fig. 69 7}218} ApA 3 3ol

u}
ol¥l 27|, Fig 79 Apxlell vielsd mopst Aol
i g wpAwFor sERAA gk £} o

2oz 9b& wWloli Fig 7o42 7/30~9/30%
o} & Al ALs e, o ZRE £EFo 9
@ dxxd 49 F9 shie, s 38
dgelel Edo] Adadasuel ®istel F7HskA
) wEel Aoz Azt Z £+ el o
Sho] ol gel AbshAl 7} £ Addadgol #

g, ¥ AA7h

A 3 2] ub<- (Chain reaction) & #| o] 3¢
a7t A8 4 o, £ dFelis o Fi
& oz A gk

100
+— Nozzle F
Nozzle E
Nozzle D
80 | Nozzle C
— Nozzle B
s— Nozzle A
60 |
El
g wt
20 F
0 1 1 1 1 i -
0 2 4 6 8 10 12

Pressure (kg /cu®)

Fig. 8 Water spray droplet size

R
12
—©— Spray pressure 4 kgr/cml
10+ g Spray pressure S kgf/cml
—&A— Spray pressure 6 k‘gr/cm2
8§t
g
(=3
2 6
s
E«u
= 4r
2+
0 L 1 1
0 20 40 60
SMD( um)

Fig. 9 The amount of water to reach the flame base
versus droplet mean diameter

P

N

b

e
fu d
o

i
He

~a

i

rir

. }'H 2
i b g2
R VL

2

s Aol WA
gkl o ARFY A3

A+,

el stae astaAE FHEr] Heted, F

@3} e4atatel SlalAnt Arsh szl it
£ easase e B r SyRel Y 45

et oot FE AEE

A

HE AR

(2) 4254 A4 EE A ¥
o goz Fralesl o= % Qi WH
2700] 48 ol FejAy 43tk Yolrrl Hek,

(3) Szl ola] FasE 371 BF A
@l sl wAYgor sEAA Fo2A o
29 2rlstel AEAAS FAAA dxE FA
©oube, w540l dE el 44 29 4 3
wdafol dn AW mrh 4 WA ek



FEFE 018G wraasiele] 23] 2@ 7Y AT 631

Gol 4£3sle Afole, 3 AL FAHEH
Fe dageiel Wrol o3k &xbrl A<

L.
=
N
o 4 gt

]

(1) Wahl, A. M., 1991, “Water and Water Addtives
for Fire Fighting,” Fire Protection Handbook
(Edited by Cote, A. E. and Linville, J. L.), R. R.
Donnelly & Sons, New York. p. 5.

(2) Magee, R. S. and Reitz, R. D., 1975, “Extingui-
shment of Radiation Augmented Plastic Fires by

Water Sprays,” Fifteenth Symposium (Inter-

national) on Combustion, The Combustion In-
stitute, Pittsbrug, PA, pp. 337~347.

(3) Mike, J. A., Evans, D. D. and Hayes, W., 1988,
“Water Spray Suppression of Fully Developed
Wood Crib Fires in a Compartment,” NBSIKR
88-37453, National Institute of Standards and
Technology, Gaithersberg, MD.

4y A&, z9gel, 23w, 1994, “Water
Sprayg o]&& #% el astel g o
T, " A28 gl 4shE =4, pp. 35~42.

(5) Nakakuki, A., 1994, “Heat Transfer in Small
Scale Pool Fires,” Combustion and Flame, 96, pp.
311~ 324.

(6) Rouhafid, A., Vantelon, J. P., Joulain, P. and
Fernandez-Pello, A. C., 1988, “On the Flame
Structure at the Base of a Pool Fire,” 22nd
Symposium (International) on Combustion, The
Combustion Institute, Pittsburg, PA, pp. 1291
~1298.



