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Abstract :

In order to improve extinguishing performance of water mist, many studies of additives have been conducted. In this study,

viscosity agent which has the ability to improve extinguishing performance by adhering to the surface on fire was used and fluorine-free
surfactant was also added to water to enhance water's wetting ability. This study aimed to verify optimal concentration of extinguishing of
additives according to fire source and extinguishing performance by comparison with pure water. In case of wood crib fire, the results show
that flame suppression and extinguishing time of sodium alginate 0.4 wt.% are 3.4 times and 2.2 times shorter than those of pure water in 0.2
MPa respectively. It seems that large amount of water adhere to surface on fire, thus cooling effect on surface was enhanced. Also water
consumption of sodium alginate 0.4wt.% is up to 65% lower than that of pure water. In case of heptane fire, extinguishing time of cocobetaine
0.1 wt.% is 9.7 times shorter than that of pure water in 0.2 MPa. It is thought that because cocobetaine can block oxygen and suppress oil mist
by making emulsion film on fire surface due to a low surface tension. On the other hand, water consumption of cocobetaine 0.1 wt.% is 92%

lower than that of pure water.
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ok

FEQRH SIS K|, MI28¢ HM6ZE, 2013

20l B AAY 7idEe] 23 & 7P A7 2%
Fof| asfeAI7E WARE Q=] 25 Eoll Hal] YXIARE
F 02% % 04%7F 543 2 AsE 7HAE v
AA O 0.6% 2 0.8%= &4 EBHT) IPex A5t
&0] WA Yebgth ?HE, (b)oll A" SLHERRIS] A5
o= ATIIERO] 02%L} 04%A Y G2 stdew A
Sl o ARE RE 8l FEo qlojA WAl 9] 3}
&= APt = =3 BlSESAY 11 ofste] S U
ERfiar Qlck

Fig. 3= 0.2 MPa®] ARRIo A ZAfskAof thet &
AHEES #8H Frrst] tE St AT ¢
SARS Uehd Zefjszolok BAjsAe] £ 4F skgdel
g fj7px] o] ATRE SFE AR R ASkar XISk
AR Q] AIZHS ABPA7Ee = Aslo] AL A5tk
Jefzod m@E AAY GUARER 0.4%)A 2t 35
2 W 7629 Al7to] 2 Fo] thE F=o] gE 7t
% ] 23} FQlrh GAUEE 0.6% 2 0.8%9] Axt
oA Hizo] adpAZto] Ao ZojA|= o= UF
F oo A F7He vl W 58S ATHAIA Al
e EAbgo] ot HEz 7HdE o] 23 ¥
ZAaNE 7| = 7] dwdl Aes EAEoh

gh, SAskAe] gk ZaHErR1e] 0.2 MPal] AL
HollAl o] =8N FEHslo] WE A3AIZHS: Fig. 4of
EFi L=t 0.05%9] FEoll A SR AT 44%, 454
9722 YA 3714 siof Hlsl| 7 Witk 35
HIEFR1S] 79 0.05% o]F-ofl &3HAFFo] Lol = A
T AR oM BolUAIRE FE7t oA E &
AR 3 ml A Ao o3t AFEF o] B wolA o]Alo]
23]y sfrHere JES s HA 7tdE £
< YA oA Alghd 98-S s oiEel Ao
2 P9t UESR 9 ZAHERIY] S8l EE
T 7P whE S AR D 2SAES YERd 5=t
EY SRS Hlagt 22 E Fig 5o YERHSL
L A4 B AAY AAHER] 0.05%9] 314 A
W ABATRE g EETE ZF2E 274, 17 ko o
AP UER 04%9] A9t 344, 228 W2 A3 B

N

]

S b b f

IL.

o

™

160 4 I Flame suppression time

[ Fire extinguishing time
140 H —

120 +

100 o

80

Time(sec.)

60 o

40 4

20

0 2}5 0 ‘10 0 I15 0 I20
Concentration (wt.%)
Fig. 4. Flame suppression and fire extinguishing time for coco—

betaine by concentration variation(wood crib fire, 0.2 MPa).

25



oy
ol>

180

166 s.

180 4 EE Flame suppression time
[/ Fire extinguishing time
140 o
120 4 119 s
g 100 97 s
w
@
g 80 o 76 s
=
B0 o
a4 s.
40 4 35 s
] .
o T T T
Pure Ci i i
water 0.05% alginate

0.4%
Extinguishing agent

Fig. 5. Comparison of Flame suppression and fire extinguishing
time for water additives with pure water(wood crib fire,
0.2 MPa).

600

@ Pure water(Flame suppression)

eeOee Pure water(Fire extinguishing)

500 4 | eme@me Sodium alginate 0.4% (Flame suppression)
e=Nee Sodium alginate 0.4% (Fire extinguishing)
e=mg == Cocobetaine 0.05% (Flame suppression)
400 - | ==DOe= Cocobetaine 0.05% (Fire extinguishing)

300 +

Time(sec.)

200 +

100 o

0?2 O.I4 0‘6
Discharge pressure(MPa)

Fig. 6. Flame suppression and fire extinguishing time for extingui—

shing agents by discharge pressure variation(wood crib fire),

e
o

£ Folo] Ao IIHERIC R FHAES
3 < 2 o= e whaws
glom AZIARFEEFS] o= Grove” 5ol
o] Q&= Fo] Ut EH} AFATFET
o] WAL & sl
A AAEE B S Folal &gl o=
(o]
AN

o
4 2
%
&

off
%

2
o

s
fr
i
i
2
>
e ¢
4
9%
Hr

et

el
lo P\ o

FE A&HOR GAT 4 9o WAYAETNE =Y
kil HEch Fig 62 A7AMER 2 F3H)|
S T 02 MPad] WARIIA 71 g
8 23RS YERE FEo ol o
FARES 0.6 MPazt?] Z71A7 Agsh ZAfolck.
e B AIYdo] A4S 2BAITto] Lol A
3 ek BAsAe] QoA Rk A w
T} 2845-S 2Hetr] el WAgro] 7%
717} FopA a1? o] & Qg &FF A3l B
57 Foto] B4 HAAR wEElA Egtow <l
59] A 71AE 4= olrkar ghehEck v, o
04%2] 9ol WAlQro] F7kgto] what 4
Q] o= upARrel whet WAlego]

< B3 7S F9o e g=

WorA A Hof o]& <lsf FHYAAENI} F7HeE Ayf=

1o i
i

0,

Y Qo2 %0
32
4

O fo o) M DL v oy 2 3R
L (o

_IOOEI-EJ
Ji-l}iﬁ r o

o
tlo
g U

ot fE Lo o
o

o

N
>
i
I
o

7438
5

foby
>
N
i
n

9
N

}_
Lot
o2 -
[
o

ne
>

ozt
Iz

T
1 discharge — Freel
] — Iy bum
1000 H point of time | «..eeu. Pure water
H = = = Sodium dginate 0.05%
1 — = Sodium dginate 0.10%
1 — e Sodium dginate 0.15%
800 4 : — = Sodium sginate 0.20%
o 1
LI
1y
=
S
B
@
o
5
=
[u] 100 200 300 400 500 600
Time(sec.)
(a) pure water and sodium alginate
discharge — Freely bum
1000 4 I point of time +ev Pure vater
== = Cocobetaine 0.05%
+ == Cocobetaine 0.10%
—— — Cocobetaine 0.15%
800 A =+ == Cocobetaine 0.20%
o
-
@
el
2
©
o
@
o
5
=

600

Time(sec.)
(b) pure water and cocobetaine
Fig. 7. Flame temperature variation by discharging pure water and

water additives(heptane fire, 0.2 MPa).

3.2. SEtabroll chat &be|o| 28kE )
200 mL] Feke: oF 78 AR Afeld Fof Ak
I RS- B A A Y
shgdo] Alebal W7bAe] ARES AShAIREOR S
alo] o2 BeIal] 93] 1% ol4k WAL Ws
Aol cstel S4Bt ARIES Ul mHER] Yo
W2 Sgen WEHE Fig 7o tehigich @9 2714
LS 4289 B2 005% % 0.1% w5 Burt sl e
/b O] WAL AR5 SHOFAAIRI01S% W 0.2% Bet
o] 2w wrhx) AstElx] oFe AR EO SeleEs
Ak v saetle BE BE] glojd w4t
Buth SYLEsL & AlolE 29 HolFu grk.
Fig 8 @@sho] 9lolH 02 MPad] WAgto =
AsHAS W BARIES Sgole] SEY ABhA7RE
Ukl e smolch gl A] Mz mhe o] URIARIE
F 005%7F 71§ W2 AT BYlov] B3] 0.15%
% 02%2] S| AL 4ol XUk &8} B7] ke,
ol WIMHIEF] Ymrt F7Ha4E kol nhat
SAZ QA3 FEA ASE BAES GAAY)7] e
AoE WEH v Fg. 98 sadekele] ol uf
2 aspAzre] Aueld] £89 SE 0.1%4] 7H WE
ABhAZHE LhehgliE] QRIARPEES] 0.05%9] 28k
Agbach 3850 W 28hAge Mgtk saERle)
A% FAYS @A wol S| g BA

Journal of the KOSCS, Vol. 28, No. 6, 2013



SEEES POE!

extinguishing

o failed N

200
S
b
o
Y
E 1504
=
i =
£
%
2 100 -
=
s
£
S
L
i 50

0
005 0.10 015 020

Concentration(wt. %)
Fig. 8. Fire extinguishing time for sodium alginate by concent—
ration variation(heptane fire, 0.2 MPa).

60

50

40

30

20

Fire extingushing time(sec.)

0.65 0.‘10 0.‘15 0.‘20
Concentration(wt.%)

Fig. 9. Fire extinguishing time for cocobetaine by concentration

variation(heptane fire, 0.2 MPa).

120

100 97 s

o

T

»,

£ 804

5

>

£

= B0

@

=3

£ a0 38.5 s

@

Fd

=

Y oo

10 s
] : T r
Pure Sodium Cocobetaine
water alginate 0.10%
0

Extinguishing agent
Fig. 10. Comparison of Fire extinguishing time for water additives

with pure water(heptane fire, 0.2MPa),

2 GYAA Eo] 9 U FHFOEN 93719 B
e AT FAl] AT QIO R LT
shte] WAATHIIE Q1T A3HIES PR Ao
2 g4Ec

Fig 102 @EBHo] 02MPag] WPARIO = 2:3jop)
2 WARLS U W7 7V 28hAIZo] MhE S gol)
S8 Aldstel B3t vlmet 2ol aluteR
e BHH2SH) WE 284S Heow] w15
BFel 0.1%% 24 Bol s} 9.78) A8pAIo] ThE|Y

=M St K|, M28W H|6F, 2013

AStE I H|W

@ Pure water
100 + eeeOee Sodium alginate 0.05%
esape=s Cocobetaine 0.1%

©
=1
L

Fire extinguishing time(sec.)

0.‘2 074 0‘6
Discharge pressure(MPa)
Fig. 11. Fire extinguishing time for extinguishing agents by dis—
charge pressure variation(heptane fire)

o] Andrew £'”0] 33t AFo|A H7H = &%
B2 43R oFgkout 03%2] 234 H7H7E T
Fote 23 ks Aol AY sauerlo] A
sl 02 QI §3120] FAJo] sl FAHA FFS
At FekEc) o] HE Eavt FeEA] &
o] AslolA] ARG R Elsla glo] 7]Ee] Bt
SIAIE A 4 A So)3 AnE AchEc
g 119145 0.2 MPa®] HPARQtol|l A d71AtE

Mou Sgoer 2 7P wE AR
59} 4= 2ol sl HARNS: Z7)ske] 234
| W3tk &g B @ MR mE wagto] 2718
2 43P 70| Zols AFES HPoH 04 MPa 2 0.6
MPa2] HIARQIO A= 5 10Z o] £FRAI7HS Ho)
I glow 1 % 02 MPaolA 7Pg &350 EE =
SRSl 0.1%7} 0.6 MPao] HIARTOll A= 2ds Eof ]
3 14 aE ATE 2ojpm Qirk mAHERl] o]
Sg Ak AR S1) mhE 5 S OME} ¥
2 AWEAo] kx| Ao §3
&5 BHrh 2358 FAAY
g},

4>

Jo rlo m & it (St L
ox y M

o
rok

(2 Ao

ﬂm&ﬁL

I

=)
K

SO oo
W

e
°1'r

el
=

15

‘|> o)lt

3.3. 2 A0 Hm

Fig. 122 EA131A] 9 etsiAof glojA] 43pA7t 5
oF AnE FO| oFS 02MPal] WARRIOA 71 w2 A
SHAIZRS YR H7HA Tmu et o EREH
et Jgjzo|th. EARTGS ZofAl] FrE Bk
AFFS EA5te] ZF 89 RS 11E, AsA7HY
o2 ArEsYch

EAEA o] A FAHER] 0.05%2] gl W 4
SIAZE ARE BEARERO 2o Bof uls) Z+Hzh 74%,
59% rAsHlal, YA ER 04%—4 A5 g BH
76%, 65% 7&5\_0}0% UINAIERS] & amgfo] 714 A
Ak =3 AetEtA o] QlojAe YZEE 0.05%2)
23|71 ARE BhameEFo] g BHTE oF 66% 29
on FFHERQI 0.1%2] Ao oF 92%E 71& A
ok 2y AeksbA o] A4S Fig. 12004 & 4= Qlo] W

27



oy
ol>

EE Flame suppression water consumption
[ Fire extinguishing water consumption

Water consumption(L)

| | IH IH

Pure
water

Sodium
algmate

Cocohe(ame

Extinguishing agent
(a) wood crib fire

Water consumption(L)

Pure Sodi

water

alginate
0.05%

Extinguishing agent
(b) heptane fire
Fig. 12, Comparison of water consumption for water additives with

pure water(0.2 MPa).

ARgfo] F7kete gl 23Rzt Aoz} A7) 4]
o] g Bofl Bjs) 2 o7t PSS & 4 ek W,

2 jsiafel 9ol Fig 7014 Ll AAY Qi

Eg0] Aol WAeto] F71RAE 28hilzto] FotA]
Ak 4 20| H9olis Ashalzio] LojHow s o
QIERS Bhngst £ 89 FAuFe ol
Ajolg 1Y Aoleka ARt 4= otk Bamare HA
S0 @A BAolnE FF T 2 A 7]
dlolez 288 4 9 Zolet Almgh

feoox rlU n

4HE
R LS9 0|8t BAs 9 Fesiel gt
Al 2starE vlmely] $is) AWE A7AT ohew)
7o ARG AL & 9L

04%4
L o gtk shelAAE
ABPAILES: LERSEh. 3 AT
A];q AR ATt o 23 TR 0.05%
el Bl dojl i dER
AspAIZke] B FobAs AgE Belrk

O

=t 01

\__
T

ne

=

)l
Iz

2) ksbAel 49 0.2 MPao| HARQYo| A 71 45}
A7t Bo Aol FAHERQ] 0.1%% L o]= &4
=9] astA|7ke| H]sl 9.7v] wWhE Ax3kAFo] gl o HEAL
ool F7HrE &5 & 9 A7 2R HlSgE 25
e gotxe s Hildh

3) 02 MPaQJ ARl A FA B o] EarL ko] Qlof
A A B axsle] anE =59 %‘E% = =2
IS o) SIAIEF 04%2] A ZH2F 76%, 65%

S Rekac Ef_iHﬂE}Ol 0.05%9] 75,1% 217 4%, 59% 7+
2t by o] Eanske] QlojAE
axBfo] anE =59 o ZIAHERI 0.1%2] ¢ &5
ZHt} oF 929% Ao AZIANIEE 0.05%2]

[e]

Ban
w5 BTk oF 66% 7HAatock.

i

[¢)

References

B. C. Downie, Polymeropoulos and G. Gogos, “Interaction of
a Water Mist with a Buoyant Methane Diffusion Flame”, Fire
Safety Journal, 24, pp. 359~381, 1995.

J. M. Park, “Extinguishing Characteristics of Water Mist Con-
taining Alkail Metal Agent”, Doctor of Engineering's Thesis,
Chungbuk National University, pp. 1~126, 2006.

D. W. Goo, “Research on the Use of Rain Water during Fire
Suppression”, Master of Engineering's Thesis, Kangwon Na-
tional University, pp. 1~81, 2011.

S. Walkinshaw and R. Ault, “Use of Sprinklers and Aqueous
Gel for Structure Protection from Wildfire Case Study 2”, FP
Innovations Advantage, Vol. 11, No. 3, pp. 1~12, 2009.

E. Wilson and A. Ordway, “Tactical Wheeled Vehicle Tire Fire
Extinguishing Agent Test Report”, Naval Air Warfare Center
Weapons Division TM 8565, 2008.

S.Y.Kim and C. S. Shin, “Extinguishing Characteristics of Coo-
king Oil Fire by Water Mist Added with AFFF Agent”, Jour-
nal of the KOSOS, Vol. 24, No. 5, pp. 21~27, 2009.

NFPA 750 Standard on Water Mist Fire Protection System,
NFPA, MA : Quincy, National Fire Protecion Associaion, 2003.
C.S. Grove, Jr and A. R. Aidun, “Improving the Effectiveness
of Water for Fire Fighting”, Symposium on Fire Control Re-
search, American Chemical Society, pp. 81~90, 1961.

B. P. Husted, G. Holmstedt and T. Hertzberg, “The Physics
Behind Water Mist Systems”, Proc. IWMA Conference, pp.
1~15,2004.

A. K. Kim, B. Z. Dlugogorski and J. R. Mawhinney “The
Effect of Foam Additives on the Fire Suppression Efficiency
of Water Mist”, National Fire Laboratory, Institute for Re-
search in Construction, National Research Council Canada,
Ottawa, Canada K1A ORG6, pp. 347~357, 1994.

2)

3)

4)

5)

6)

7)

8)

9)

10)

Journal of the KOSCS, Vol. 28, No. 6, 2013



