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ABSTRACT

Full scale fire suppression test by water mist system were performed in machinery engine room
(20 m x 15 m x 10 m) according to IMO MSC/circ. 1165. The K-factor and operating pressure were
2.4 and 80 bar, respectively. To assess the prediction capability of numerical simulation, FDS simu-
lation was performed at the same operating condition with the full scale experiment. It was found that
FDS simulation had the limitation for the fire extinguishing time prediction but was able to predict

the spatial temperature distribution.

Keywords : Water mist, Full scale fire test, Numerical simulation
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Table 1. Fire scenario for machinery engine room (IMO MSC/Circ. 1165)

Test no. Fire scenario Test fuel

Commercial fuel oil

1 Low pressure horizontal spray on top of simulated engine between agent nozzles. or light diesel oil

Low pressure spray in top of simulated engine centred with nozzle angled upward at a 45° | Commercial fuel oil
angle to strike a 12-15 mm diameter rod 1 m away. or light diesel oil

Commercial fuel oil

3 High pressure horizontal spray on top of the simulated engine. or light diesel oil

Low pressure concealed horizontal spray fire on the side of simulated engine with oil spray
4 nozzle positioned 0.1 m in from the end of the engine and 0.1 m? tray positioned on tope of
the bilge plate 1.4 m in from the engine end at the edge of the bilge plate closest to the engine.

Commercial fuel oil
or light diesel oil

Concealed 0.7 mX3.0m fire tray on top of bilge plate centred under exhaust plate. Heptane
Flowing fire 0.25 kg/s from top of mock-up Heptane
Class A fires wood crib in 2 m? pool fire with 30 s preburn. The test tray should be positioned
7 Heptane
0.75 m above the floor
A steel plate (30 cmX 60 cmX 5 cm) offset 20° to the spray is heated to 350°C by the top
8 low pressure spray nozzle positioned horizontally 0.5 m from the front edge of the plate. Hetan
When the plate reaches 350°C, the system is activated. Following system shutoff, no piane
reignition of spray is permitted.
Table 2. Spray fire test parameters Vg o2 FAs ol 2Ad 48 FHFHoE
Fire type Low pressure High pressure Wzh e E W 258 9% oEE fXAE
Wide spray angle | Standard angle (at F e TEL FHIIEE 3t 3t ol SHAIG
Spray nozzle | (120° to 125°) full |6 bar) full cone e 3 FH B Fo nEFS =g 44X
cone type type stel SAQYYEHIIE FRIE AllE PR
Nominal fuel | ¢\ 150 bar g Ao AFAAHE WE ke Ao e A
pressure )8 oA BAE 9L EaHoE YHAAH T
Fuel flow  [0.162001kg/s  [0.050+0002 kg/s| ] &52 9AL% o|stg XA £ glojo} Fh},
Fuel temperature | 20:+ 5°C 20+ 5°C AR Rl 3000 m7AA T FEH] Yom, sk
Nominal heat O FlAASIAH A S ol =
e o 58106 MW | 1802 MW & SAALAE Al No7el Wood erib A1)
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Fig. 2. Engine mockup.
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Table 3. Fire source for thermal management test

No. V;I;fl?:le Fuel HRR |Pool area di:r?l?ter
1 |1,000 m®| heptane { 20 MW | 0.99 m? | 1.12 m
2 {1,500 m®| heptane | 3.0 MW | 145 m* | 1.36 m
3 (3,000 m®| heptane | 6.0 MW | 2.81 m* | 1.89 m
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Table 4. Test results of the fire-extinguishing test
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scenario P;uel. .tray fire Flllel spray gre Syste@ E);:mgul- . Sy§ten} [Fuel supply | from system
gnmtion Tgnition gnition Ignition acfivation | shment eactivation stop activation (s)
#1 0 15 | 387 402 418 372
#2 0 15 213 237 255 198
#3 0 15 64 80 95 49
#4 0 120 135 651 665 684 516
#5 0 15 556 583 541
#6 0 15 717 753 769 702
#7 0 0 30 503 552 473
#8 0 631 753 1142 1214 1252 389
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Fig. 4. Fire source and extinguishing record for fire scenario #5.

J. of Korean Institute of Fire Sci. & Eng., Vol. 21, No. 2, 2007



116 HEY - P8 - o0 - A - A F

3 2xE Holn 2x& Ul 70~90°C AkelY 3k
olt}. FAAIE L #59] SAA7]7t ek SMW olA4}
o2 JgEHed, FH FH 2=V AFFA
70~90°C Atel 9] gholghe AR wlE-F7} 7HA H
ot AGstAl ¢t Y S HAFE Aot

Fig. 6% FDS Alggo]de] gt gAlrte) L. #5
o] A 2HEF ¥MsE et skle 2]
6.5 MW HE7HA] o237 AU oF 250% FHE
A o] 7437 ARt SR F 5563
o] A =A71E A 2-4aMW RE7A] oFstE| A9 ¢
Ad Agle) o]2X = Rt

8000 Suppression by water mist
6000 AW
4000 -

2000 -

Heat release rate(kW)

water mist start

y 7 T
0 100 200 300 400 500 600
Time(sec)

Heat release rate in fire scenario #5
Fig. 6. Heat release rate of FDS simulation for fire scenario

#5.

15.0

e
sk
%) No Bumn

2 1430 °C

Fig. 7. Fire extinction mechanism implemented in FDS.

Fig. 8. Oxygen concentration at 556 sec after the fire
ignition (fire scenario #5).

gt Bfaf 2 elE] =8 A0 #H A28, 2007

ol23 kA =7]9l Z4aE FDSO| AYH Fig. 734
Z& 3A9] 23} mechanism’®ol ojsf A€t

A 2 AL F7E] R E 2mX2mE A 2
7ol M) AiFH o Zo} Akie] FFo| AE3A
Z3icth, wEtA A ARl HAXH gAF
9] MAEEr}t 7ZHaEkA HokFig. 8). 9710 B ERE
o] Fdbol o At 34 gt et EF v
BES0] 28 3) sdn) FHY 2&71 Wzhs o
71 @AY HYE oS FolA "ot

o]2 3k Abx 7hA9F Lw ZAE Fig. 79 A87)F
A glgol EAldke 4GS FAAA AHH o= 3}
A 2EFE doj=)A "o}

a8y Age] A9 sAle AL 55630 A
3] astEnt. o2 gt AP ALt Aole AA U
o] dojul= SFS] FA(F mm ojzhe} AlLtel A
29 a8 =9 22420 cm)o] & =ol7t v m &
At AA sgdiel v Re R 9F%E A
&3] meotstazt st sldY) FARG e 2=
HA0] adn. 22t shAe 22t R FZkl
Ao 4 sME] delde d489eE 4+ A om
9] agle 7H4-& AHSE $etol qick @A) FDS A
o)A T shAAs dlde s S Fs 3

Fig. 9. Water-mist discharge in thermal management test.

160

tree#1, 0.50m

--------- tree#1, 2.75m
tree#1, 5.00m

——— tree#1, 7.25m
tree#1, 9.50m

1004~ tree#2, 0.50m
tree#2, 2.75m

—— tree#2, 5.00m e

— tree#2, 7.25m

g0 tree#2, 9.50m .

140 4

Temperature(°C)
g

T T
[ 60 120 180 240 360
Time(sec)

Fig. 10. Simulation results of thermal management test of
3000 m* enclosure.



AUl wERs 2k SRR A Bt

A g} astmde)] g B2 o] A & Fout,
O}AZA R S AAFL YAE R3] Ad¥olth.

Fig. 9% 102 thermal management testol] gt FDS
;A AAE =481 ) Fig 9 A 2 4
Ro] 23, thermal management test®] S}, 2] g}
A z7) P[RR BAF AHE BAET) Fig. 72 F
79 &% £ FI4E BHoET 4% AR Fg
59} vlms} BE A7 ME X S, Fold o
S5, ANRE FHoA B AFARL & A
B ASE & & AT oS AFe I LEF
o} A3 mAlETH FDSo 28 Asksl|do] i)
Fio] ofd F7HIM9 LE=RE oFo) &8E F
Aeg HAFI glon, 7|EAF M E FH
vl gl

5 B

E A7 = IMO MSCleire. 1165 T3l w2} r)
F4E 0] 8% A ABTG (20 mX 15 mX 10 m)el
Aol AESHA A Y3, PlEFF A5
2"lo] F7F FAXYEH-E AFsAT. EFF
9o FANY EAL FXHoR d&37] 43y
FDS(Fire Dynamic Simulator)Z AHE3le] Ad3 2-&
ZA0 A9 AarEHolAL FYsAT). ALt AlE
ol AT A& e AV dou)
IMO MSCrcirc. 1165 F4lA 7igde] 7 & A%
227 He U LEEX Ao 4% d&S 9
A AAAE Ol Zge] €84 & ULS B
b 71 A 7k B gh v go] 2aHE ot
iR AEIA AsH7EY NS T | B
o] Azrg 98| AieRA wyol #1835 A2
F g Aolth

Hr

A 2

B ATE QAT AGAYARAY 2 A¥E
L NP PAEDE LR R LT
A&

s

1. NFPA 750, Standard on Water Mist Fire Protection

10.

11.

12.

13.

117

Systems, 2000 ed., NFPA.

. SFPE Handbook of Fire Protection Engineering 3rd

edition, NFPA(2002).

. G. Santos, “Water Mist Technology for Under

Ground Transportation Systems”, International Water
Mist Conference(2003).

. 384, WY, A, U714 shAloll tid T

SN

T4 2 2] A g - A S THO 2 (Part
1y, S=3kA 2%83]=FA], Vol. 19, No. 4, pp.32-
36(2005).

- HY, 8, A, AT Bl i mlE

T 2AIAH Y] AL - WAELE TAHOE (Part
2)”, $H=tlA) 18] =2 2], Vol. 19, No. 4, pp.37-
41(2005).

. Imo Msc/circ. 1165, Alternative Arrangements for

Halon Fire-Extinguishing Systems in Machinery
Spaces and Pump-rooms(2005).

CAGNAZIENEAY FLELA, Auhg Ha &

A 2E 9] 2345 2 A7 e, 4
AR (2006).

. K.B. McGrattan, “Fire Dynamics Simulator (Version

4), Technical Reference Guide”, NIST Special
Publication 1018, National Institute of Standards
and Technology, Gaithersburg, Maryland, July
(2004).

. K.B. McGrattan, “Fire Dynamics Simulator (Version

4), User's Guide”, NIST Special Publication 1019,
National Institute of Standards and Technology,
Gaithersburg, Maryland, July(2004).

G.P. Forney and K.B. McGrattan, “User's Guide for
Smokeview Version 4”, NIST Special Publication
1017, National Institute of Standards and Technology,
Gaithersburg, Maryland, July(2004).

G. Grant, J. Brenton, and D. Drysdale, “Fire
Suppression by Water Spray”, Progress in Energy
and Combustion Science, Vol. 26, pp.79-130(2000).
A, FeAl, AEY, B, FEE, /A, T
A% SEF-E o] 83 X st B3 A F
9 s @, BFAESEEEA, Vol. 9, No.
3, pp.291-297(2006).

S.C. Kim and H.S. Ryou, “The Effect of Water Mist
on Burning Rates of Pool Fire”, Journal of Fire
Sciences, Vol. 22, pp.305-323(2004).

J. of Korean Institute of Fire Sci. & Eng., Vol. 21, No. 2, 2007



