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National Chiao Tung University

ABSTRACT

The phase out of Halon production under the Montreal Protocol has
led to constructive research to find a replacement agent for fire protection.
Through extensively research-and testing, water mist systems have gained
worldwide acceptance as an effective solution in many applications, such
as those that involve “flammable -liquids, electrical equipment,
semiconductor facilities, and. outdoor  transformers. The NFPA 750
standard defines “water mist” as a water spray discharged through a
nozzle in which 99% of the water spray’s volume comprises water
particles less than 1,000 microns in diameter. A water mist system
combines the key suppression mechanisms of heat extraction, oxygen
displacement and radiant heat blocking, suppress and extinguish fires. In
addition, water mist systems provide the following advantages over other
suppression systems: superior fire suppression, smoke absorption
capability, minimal water damage, non-toxicity, non-asphyxiating, and
environmentally friendly. The absence of water mist system verification
tool presents a major obstacle to promoting water mist technology in the
market. Computer modeling is a suitable tool to verify the effectiveness

and performance of water mist systems. The simulations results show that
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water mist suppression effectiveness is dependent on the ventilation rates,
fire size and type, location in the compartment and characteristics of the
water mist system used. During simulations, the water mist system
effectively extinguishes fires under natural ventilation. Under forced
ventilation, however, water mist fire suppression effectiveness is
substantially reduced due to the strong mass exchange between the
compartment space and its surroundings. Also using computer modeling
platform verifies the water mist system used in compartment space and
machinery space that can be also found the way to optimize water mist

system in these application areas.
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A “f (Heat Extraction) ~ ¥ # £:##3/&(Oxygen Displacement) £ "% i<
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3 ﬁr‘ﬁk’i’ o ends i 3T - Mawhimney ¥ Richardson %A 1996 & =
B g 22 A9 50 RABHED A B8R R G L ks
o VTR kA S PO L VR ) SR U M S Je i e R
Flerdlid - BT E R A KT mok GRS 5T S éﬁx.xmp % A
EoRe ARG A TS A B B R o SERT R A S p S L 1

HEFTE X o

Alpert(1985)% 4 [12] * #icie = 2 A7 R Ffo L &2 BF
o om G N E AR R ook et frack Bl - B i H % L (fire)
Besteh B o # PR Y > FVAEFRSS AR EALE
4 55N F A e 38 R HEER - AJones fr P.E.Nolan(1995)% 4 [13]
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RIFR R

)

R i ol ks RV RIZ G L (DB #A ATV IR A Ak
i ﬁk@li”wﬁi$wﬁ®“ﬁ\ﬁ%ﬁﬁW%%oﬁﬁ
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e ¥->5 4 %?:sm’k;;»}ﬂl:f_; SRl o R TR AE f 1 F
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3.1.1 ## ",’TT (Heat Extraction » Cooling)
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Sehg APE R ¢ MO NEEAR TR Gl A 0 e b K 3R Diffusion
flame 31 V48 R 1600 1327C R UEEAR I 0L o i A
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3.1.2 ##-3 § & (Oxygen Displacement)
kA EF B ETHE S 1900 % (- <X FRISTT) 4ok &
iR R R ER g# FBRAZF TEIHRDTE > Aot- BIEF
o R A A R T B R RG] hT 5 o
FF SRR -TRAERG R EF VR

$R T AL R R {7 SR T RIS R
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F oo BERE §F ook 2@ S AN 57 R R o

3.1.3 e 3§ £ 15 %+ (Blocking Radiant Heat)
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BB S BBV T RO BORAR § MR Sl - o
3.1.4 k&7 /%Z § #1 (Dilution of Vapor/Air Mixture)
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-L,:L
A

B

14



L EriS ) MRGED T RS Ao g B0 o R B g
g R e PR A VRERB T G T REAF REV R
B EFRRMIDET O Ead AR V2B irei Ly MP LB
1l R AR (PP L EE4C ) FIEP LV ELE R M R R
EFRE O RAVUERREF BT F R RAE KT ET Qo
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3.1.5 # & »x & (Kinetic Effects of Mist on Flames)

G Ml B VR HORRE R A e U R 2
R RIS BFE G AT oo VR (Flare-up)” g A 2 >
SRR gt (5% FRFFPORFRF R A G @ SRR L Fo
iﬁhﬁﬁﬁﬁ’Kd¢wWM%ka%ﬁ§%%@$”Mﬁﬁ§$ﬁfﬁ
T B BRI WP o T e R %2 5 VG Tk (Flame ball) - Jones -~
%ﬂf ok b AL R DRI RS F i eI &
RN PRSP & R R S s - Ea R A R
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3061 Fi A BTN R P o Mok T IR R T T F R
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3.2 -k 75 vF #4235 (Spray Characteristics )

= o

d Fo b FakFanad o v ER LAY ok ST
WEFPREF- OER o P R G REFEOTF R 3 R R
SPAE s A RAR - AR E 5;']&4c§ffll » Be— — Sr AP o
3.2.1 ¥4 = <t & % (Drop.Size Distribution ) :

BIE A s Gl R B A BTG Mo - R AL RE P D

IR APARTIC LA S B S T GE ) 8 A - i S e

W 3.1 £ Rlsmok Foae < = A i
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NFPA 750 2 3> 8 57 1 2 © Jef #cfe [l (Spray cone) i ip
PR Rk Hs A o0 Aol 3.1 BB Aok kT R A T AT

I e 12N R IR gk o R iR W R X
KET R R ) j‘klz}vjﬁ;"]—%i&—ﬁ» b H F /PJ”T3§147$35}7%~J—F
PR -FEEHRFDPRAEALAGEFN S FREZRE - FERFFL
Ba e EH 5 & Ajhara% 4 [17]) % Hishida® « [18])] ¢

FodaEg N2 R FEARLAEALSGET NEE AR

N

d, )"
Ry =100 exp| — q

c

Rosin-Rammler #* & &~ & (7T @ H 5 R-RA ) chfb o oo s &

d & B 2 #8  F# & 2+ # (absolute size constant ) d. % ¥ % #c

(distribution size ) N /& 24 Grdiaie o B i 8ci & § £ 30 4
ROFFORE A ) endE M b B EERR G IR R F RS A T g

R-RA 1 %k &

Ry ap=5 27 T £ (Cumulative Residue ) » % 7 > 88,7 jf ##

il
)

S A F B R R P dcde S 360 Ne 5 30 F Sum 5
- R EEER 32 FEWEAALFOE S B A5 - BT dp
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E T
-
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1.81

A Rw(%)

B 3.2 ,337’](%7'}::“_)";/47\ = :Ei = Bl

322 kF##c% & (Flux Density)
da R G E % R AT - e A R B s T N S g e 40 Bt

I ERRE S kG- ERBPHERRZ-HE=@EEFp 0
W H w7 £ o Dougogorski [197] d v He B ok kS
iy MERRET FAXE I REMFE T Rk GFOUERAE 2
HHC B AR R R G VST AR SR
B a By Ba™ 2 s B R iR ok s
AP R e AZREY RGO ERARZ TR
B gt o a T Mok Bk SR o
3.2.3 ¥ #i7d £ (Spray Momentum)

KGR R R e VR R 2 e s ok B
[ gapd g TR EWRER T R Goficd B4 2 w5
AR S R UM S I S S DI U e o
#lalFm kFeh> o fed 2 ok Fa> 25 L LApR - 2 RIR 7%
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P FIrp#cd 2 7 N dkha < Bl ?ﬁéi'%ﬁﬁ‘l“ﬁﬁﬁéﬁ -
Ao TR kg ~ e VR RS kT LR -
324 ’T v | (Additives)
fo R s KRR g R v BBV HR B EET &k
Bd e (VB BT R 40k ks L akit 0 NRCC L E 1 4
(Sodium Chloride) i* % 7 7 Se RMGETR B ONHFRRE 0 A WH R LR R
S 40%3 50% 0 ¢ T AMEERRERES D E VS W AR
WMPFOE R - gk Eep W TS k5T % ,f‘fu;‘,’lt b B e @
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—

3.2.5 -k iF # % » i (Effect of waterdrop evaporates )

BEAR D B vk F AmAN Sl S5 R 3 RoKEF KR
At R KF o U ¥ AUk Al e A 2L ) T ROF o st IF
P2 RAIZE N F A el frier )0 Btk nd B R L
oo #F o H - RF o8 5 (kg/s)2- 3 B 4o 3V [Lefebvre 1989][21]:
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3.3 dmoR RNk SLREAR B RIGEAREE T G

B R 3F S AS s a B bk i Lk SRR 0 P i
T dnoR RNk St B EE 0 FE iRk 5L akd o Flpt NFPATS50 »
Syt A A4 > 4ok 3.1 ¢ § UL( Underwriters
Laboratories, Inc.) ~ FM(Factory Mutual Research Corporation) -~
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F 3.1 R Rl KRR TR T B A R4

BHLHE | RPLHE R 3E B e
FAE R ok kR R PIRRBAT L ]

CHZHEPBSEFL LGP RFIE L wK |73 mx7.3
FMRC |CLASS 5570 | 4 sulta & £ mx4.9m (260
bR R BT ok ki & R m’)

BN R L2 ok R B3R (1997)

J B Gk i ep B 2 (1998)

: , b e e ek ASp g B
R e A ) = B3 e o o ﬁéfﬁi’
A 5 g %4, 4L P = N > N
A2 ook 8 S I o
R R L Clas 1
UL UL2167 > & 2 B2 fm-k 5 % Suddig ol g8 ass3 "
/' =) 54 ;5 %, L PRI Y SOOm
ERCESRA NS R R e S Class II 5
P fe g ol ass 1l &
ér )i }g xﬁ H-dr2_ ‘gm,J; % & “““*'H Rt '/?lj ‘:ﬂ—g 5
3000m

ST CR~E, L R B | N e
E ~'L%~\'/L:)J' *%ﬁll riﬁb'%j\

MSC/Circular|™ ‘3—-5’ i" ik 33 EX I\ “fwt Lk .,:tL K
668 PR RER AR R PR RS2
Fo 3 Re 2K EELR kRS pIR S

g & MSC/Circ668 A s+ 7 IF &2 R i %
ERA G YRS SR IS
= (1994)

y.

MSC/Circular
728

IMO

d IMO ReSA800(19) B ol G
Res.A.800 %9 S I H’%ﬂ% e it W R

(19) 4’ ER IE]' IR FRZZ‘SP\%CJ\,J o
P\—”:?E ERTERN '\/E'J‘zf'—“

VDS | VDS2498 |HaF E ok FrfeEE g

e i

FMRC : Factory Mutual Research Corporation
UL : Underwriters Laboratories, Inc.

IMO : International Maritime Organization
VDS : Verband der Schadenversichen e.V.

331 kR FiR N R EAPM PR RIRELT R T R
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P2HEZEZREFNLFE L 32 5 #5 FM PRERETER
ﬂ‘ng&%j\’% Pélii—ULm/? Fé%#hﬁ_ﬁg/—“klm;ﬁ&%ﬁ’
f o Fe 3.4 R 5 444 IMO ehp[R e TR L ch B F R
% 32FM 2 BlEEAF 5 F 3 R4
R B E ¥ % Rl B K s
5.6 x 3.6 x 3.9(m) B3 ) 4 80m’
F RS
7.31x 7.31 x 4.7(m) P 3 % B2t 260m’
WRIF 731x731x4.7(m) | &% ] > 260m’
® /% 12in(0.3m);¥ #
B ie L 5.5%3.7x 5(m)
FM -

% i A 80m’, F A

3x4x24(Y k)

F-M3E-2 5m
IFET B M 26x26x0.5(m)
By 3R Bt 3x3 (m) # #
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UL2167 | % 2 E48 2 F [3x4x2.4(m)

3.66x7.32x2.4(m)
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G f232m°
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X G A 232m°
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1 3.4 IMO MSC/Circ 668/728 A %731 & 3 2 Bl Rf 5 B 3 £ 4

S el AP i B e

M| SlEFAR ke M
}EJ
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WisE o | SEEF £ B MR 0.15-0.20 kg/s ** 3-6 bar
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vz PO e 538 b2 % [ @ 3-5bar
Z5mg ® o o [RR¥ 150 bar
BIRARE Al oo [P
# 42 18 100 m” e7| 1R 0.4-0.6 kg/s >+ 3-8 bar
SR iE{T 0 24 B |% B&0.030 kg/s>250 bar
a1 Rl ]
Frer 2 m X 2 menBEf b ¢ 3-5 bar
Class2 |* 34y e ) 3,000 m’
i 2 Wk 2 ;&% 150 bar
LR
* ;X fER 575 m
"—g 5:_ '3 :u’ggﬁ
# 3)3,000m’ ¢
RIFFE d om |
# 42 18 300 m” eh| (R 0.7-1.0 kg/s >+ 3-8 bar
dod fde |5 B X 4R | % R0.20 kg/s
Class3 |13 <~ 4|3 R 3 A @B © 3-5bar >3,000 m®
% 3 810m > P LG =P R &R 1 150 bar
PRz F LD
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UL 216745 F #4% F

, ke
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-

™

]

LSRR

}71'/‘3’ HNER TV R ’J\m
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% 3.5 dp b ASEsI B R en b LRIERE B A i 4
B3R S F LB BIFEHE B
1 how BT T SRR R ORI (T R A
Bw B AR TS RGBT e sk A sy
2 e+ 45°F @ P11 m (39.4+4)¢H12 — 15 mm
(0.5 —0.674) 4% +
; MBRAR T VIR ARG E RIG 0 R W e s sy
B HF R0 mi ¥ o
, SE RIS - 3B ERT SV L T R HCR H e g sy
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(1 f12) > 31 & 1.4 m (4.6 fi) % & ¥+ o 1p)
; B3 B eh T 205 mi (5.4 e 4 B
A3l HF R ehr T A0.5 m’ (5.4 ff) e i SAE 10W30 # #
8
S
9 BEE T R 05 m (5.4 )0 4 Rz
10 d 3R B 2 3V R(0.25 kg/s) R %
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11
3045704 0 PR F 3 5 0.75 mT (wood crib) 2 A ’%
484730 x 60 x5 em (12 x 24 x 2+ ) o #5 o JEHE20° 4 | A& 42
# 3 350°C (662°F) » MR Mnef o G aBdrsh 0.5 m
12
(19.2¢4) A 47 3iE 350°C (662°F)pF i siit .
R A SRR " i T
13 B3R T2 x2m (6.6 x 6.6 ft)s 4 TOH U R
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AEE A SR
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[ LS
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Spray nozzle

B &(120 — 125°) >

B (809 2407

##® 4 [A& 6 Bar

NNRF6T 2 A =
ol SR R 120

) (87 psi)] =47
oL RS 8 Bar (116 psi) 8.5 Bar (123 psi) 150 Bar (2125 psi)
LR 0.16 0.01 kg/s 0.03 0.005kg/s  |0.050 0.002 kg/s
R 20.5°C (68.9°F) 20.5°C (68.9°F) 20.5°C (68.9°F)

SF A 58 0.6 MW 1.1 0.1 MW 1.8 02MW
1% ARSI Bt 2 B S T R S s

3.3.2 -k %/T R J

3321 FM Plia ¥t % 2 55 p 12
B L

k& FM ok i

4T Lo

u#B Fﬁg /P
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B R R G ARG

B E B 101t x 131t x 8ft

6 R B ITHEAT ] é@%mf%«*4mﬁs$&%£@&i
TEERFFL S 860ft By
£ 5 SiniFeop ¥R AR Lk (mock-up A » Hood
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f— 3 SiniFEip ¥R R U R(mock-up A > Hood

v oy own

/ TET ﬂ 3 S)n e p PR R L kR ( mock-up B » Hood
up)
£ 3 SiniFep 2E & L ik(mock-up B > Hood
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BRE S b 4 L

R ER TR IR
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F dpfeens A ‘—f‘wd’ AN
Offset = > A58 Jd jd L g
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\
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1
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e HFZRFEG &S hg REE] 3
THERS PSS 4 B s 2x2 B B 0T

29




DR EF RSN BRI I3 A R T
ﬁ&'—ﬁ”’%:{?\:iﬁ“ °

30




34 ok F R e BT 54 R
- A ’é%ﬂ%*’?}_ S RET R R F?’&Péﬁﬁi‘?{i
Pl E EEL ST AER T EL LY kG
Flzovcir o Pl ERIH B 22 0 a3t E 44 8 (Computational
Fluid Dynamics ; CFD) if & _H ¢ ﬁfdﬂ‘mr&a‘& Flav e &y
oty o VAR R @35‘_5’?%3:3 2 g @ aBcdR2 P B
FolcEfCEE 2 A Al nHESR - F ’%‘r”“s%i B E B T
B 7 ﬁﬁwp’ﬁ'l%?,’?gﬁk 7 & I I = R NI VI S 114
R B HE OV HFER > T e

TR A
ﬁ%ﬁ?%?%%%?ﬁﬁ*mﬁ%’%&%ﬁ%‘ﬁéﬁ
L2PPRFF.E A AT R EHREL S DL RE

B R oo

A ER DN D2 FE R EF R BT 2 EBREAPY
X ERET R @ @A P EL TR BB 2 TR % AT (T 2 o
Wi ¥ - 2o d 3 F ga R puisenp-f = s @ (B4 feent Ui
HORA 177 B TGS BRI o AR S L
TR R BB ZASE R LIRE o VHRRIERI L XS L
#EF P oA G ok o REA L LR 4% post-flashover # 7 .E
Fr oo M 23BN (Fields models) 5 &) » #-infi+ 8 2 #4 £ » 5
BRNRE VY CZERI Y SHREEM AR B

FRHT R ARMERE R T RERBOEILER AT Y

dnok % R Rerxay Bicd T o Firedass 217 /1 0 ¢ 7 M Loy B
AL B AE R IR o AR AT Y TR ok ok R o
Firedass &5 7 3¢ o 14T T‘ui’ﬁ*ﬁ—;\ R IR S o

A B RS(FE L RETE)
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PARES (I5 5~ #ok) -

B AR T B R RN R

,_dy Ay
Cdx AX
BB R s 2 TR FRTEEF - x2edE vy e

s VAL S 5 SN S kai,},;ﬁ;i e/ S ARTIS AR 19 S NEIE 3 ST
7 4T e #2378 o Firedass ' #4748 > A28 e V3E R > i * 30
Mg ~ FSRH (Heat drive)shz B 5 B a3 2 "L gt BV
B kG T 2 ok AECK S Vs o A L (h %
Wkt A 72 2 38 % 2. Navier-Stokes 2_ 3+ 5 = 4258 ¢ 45 ¢

Conservati on of mass

op
+U-Vp=—-pV=l
ot P P

Conservati on of species

ag:(,+ U-VpY, = —pY VstV pDVY, + W,
Conservati on of momentum

?3+Uxa)+VH :;((p—pw)g)+ f+V-7)

Conservati on of energy

aat(ph)+V-phU—|;p—q £V VT £V T 0(pD), VY

Conservati on of state
P, (t) = PTRZYl /M,
|

— AT AT B RBRELYLR G AT AR ik
LE G PR EE RN ET AN ERA A K HE 0 T

1 & #7 (Deterministic Approach) ¥ # ZF [+ & 45 (Probabilistic

=k
b
3
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Approach) o #73} - T 4 47 2 RAp BCEHCS A T a0 2 o Bl
Computational Fluid Dynamics Modeling~ Dispersion Modeling~Egress
Modeling ~ Explosion Modeling ~ Sprinkler & Detector Response
Modeling... & o # & M & 7P| 2} ﬁ—ﬂ FrAFFHEET AL
ﬁ%?ﬁmiﬁiiiﬁﬁviﬂa%*&ﬁﬁﬂmﬂﬁ%iﬁiﬂ
Z % Pt %ﬁfé Tronf B3 B VR RAF SRR % 0 (e AR Yol
BYON RO v A BRE B R BRETR N T R e * rL)
2R PR RS N *ﬁ%*+%o%$ﬁﬁ%
Ao TR NURFE AT FELFT R, LG AL N PR
s 2o VR XA R B ] kb e g
R 4% post-flashover # 7 Bay o 2 2 BRGNS b REILAE 4 B
A BE O FIARNRIE VR CFRR S SR E
LR R RERAHT S ABEERE R TERFEY
ﬁﬁ°ﬂ*@ﬁ?%ﬂ%a€’%au;#ﬁ’%w%wﬁ
F A s CFDE "l ? >~ 37 it 2 o g 4 i
B VRKIFL B TR LI R
3.4.1 Firedass # & A 4%

1994 & SINTEF-NBL(Norway)# f & = B &3 v LApPB AT 7
B4 > ¢ £ GEC-Marconi Avionics(UK) ~ Cerberus Guinard(France) ~
DLR(Germany) ~ University of Greenwich(UK) ~ National Technical
University of Athens(Greece) ~ CAA(UK) ~ Ginge Kerr(France) »
European Commission ¥ 3.5 5 A7 % & % Rl &2 $r 4] #0#¢ (Fire
Detection and Suppression Simulation > Firedass)#ic %8 » F it 2 %22 @
B FH 4ok 3.9 9757 o gt e R ¥ 35 S48 4 & (Computational
Fluid Dynamics > CFD)¥t 4 15t % 4~ & F B E 88 o S M @ 7 57
% & ;% (Sub-Model) » 4= DE/AC Model ~ Mist Model ~ Radiation
Model ~ Fire Model ~ Suppression Model % » H 4p 7 B (44 3.3 #757 ©
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3.4.2 Firedass 1 * ;% 4 &
3.4.2.1 X i #5% (Fire Model)
KO TRk LA R o R E R
RRPT F o~ - F R D F VR OREAEER -
3.4.2.3 ‘oK 55 #5378 (Mist Model)

e L$W$ﬁ7“m¢%%ﬂ’ Tk B ok
HW U BB 2 HE BT EEBEHEEZREN T AV ek 5

3.4.2.4 #. 45 #+ 57\ (Radiation Model)

R S Y AL TR R R L
fg o > T A1 2 B2 % DF g S0 (Flux Model )33 4 8-¢ % gt
BX g 5o

3.4.3 Firedass ¥ # & 5%

% 7 Bk ¥ Firedass =99 | g2 s Firedass #7% B[ 737 § 0§
S o ¥ ¥ Firedass #03p B T4k 75 o H #SINTEF & {7 1 ;’* % % 7|en

B3R HE PIEE ¢ 35 L Gas Burners ~ Cardboard Boxes &2 Kerosene Pool
Fires o H jp|if32 pi@ o Bl4cB 34 %77 ~ o kGBI HET LR
fe ¥ Bl4c®@ 3.5 #71 o
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= . P
T - - = 2
= 1] ]
=
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| | - e st e vt N, Pa P e . ongl
- FIRELVSS, SINTEF THIN S \_.,_.MJ‘/ [ Bt
g ....... el kg £ DROBE) ¥
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H 1.05
H T -
t i i ) Nozzle H1 - approx 1500mm
! : ) Nozzle from floor level
0 ; ] H2 - floor Level
i 1 12
[ Gap of Approx 100 mm H1: To
i ! : Top of the
la12 betweaen IhE_ nozzle tip and container
top of container
512 \
B . Container
.60 1.60
| y =
Plan K_/f’a;‘ll Elevation H2 : floor level
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3.4.4 i= > Firedass ﬁi'] » ¥
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-
o

]
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FRESEURE
5.556
214504
473003
431713
3.90418
349122
3.07827
266531
225236
1.83941

Y 1.42645
1.0135
0.600542
L

0.187588
-0.225367

.
] 3.7 Firedass & # *» & [§]

PRESEURE
5,556
514504
473009
431713
3.90415
349122
3.07327
266331
225258
1.83941
142645
1.0135
0.600542
0.187583

-0.2253367

r"r’.u"r".":,.-

®B] 3.8 Firedass # & + & B
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H20
0.000303343
0.000289283
0.000274722
0.000260162
0.000245602
0.000231042
0.000216452
0.000201921
0.000157361
0.000172801
0.000135241
0.000143681

0.00012912
0.00011456
0.0001
3.4.6 34 {7 Firedass c5c ¥
1% & ok 7 bR 1redas& SCEEE S

. 7443 Pﬁi‘fr@}f’”if e&:%s“—%é"?,‘_iav? AT R IR E S IR
b2k i LRI AR e
K N

b
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(w,
g
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4.1 %35 B oK%= i &5

AFHRUNZEAF R ZFEFZEH Y > 1T iR T 5 Firedass
BT D R R K ET R UG T o g 2% T e U HRRE A
- BRFARLZEPNEF N L APRREFE L TR ITPN T F
2B AP FIR S Al e oL LRIRE R L LB A R e U
oI A il hoAER AR ~ pRE R PRI R 0 A BRI
Hon g R B MR ok E R Lk sueh »’P#l}é’z;; od BB

N1

=4

e im K - LI 4
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L7 8 ok kel B R A3 B S TeR
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R Rl LA B AR R B A R B kR
Foot A m R FRFLER N AR R R LA
R ATEFAELR R EFRLE

FEAF - LBRPRPZER Y F 4R L KA (4 Inergen )
P SR ING ¢ 5
¥l e A - » R% s F 2% (International Maritime
Organization » IMO)Hcfg &4y 4% 7 iR % 5 (gas turbine) p > #7i&
TR AT AT AP > F S (total flooding) = L BIEF B 3F
FVHERBTEFTAL AR RET T BEITNDRPLF 5T Y
G R G ok kAL B oTER T 2 edlaaar ALFE G WY H v el
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&
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NRCC) % 2001 #42 » f B4pi2 77 - S|l bR GET 2 8 ~ chiw
KT N RBR o N BRI ARBIZEN D B AT
A& L A S 0 RE R L ﬁﬂx@g R BRI
PR EEEHET AL R LR P pRERGIR ) o
FRE R GIR CHE > BB R S dEIR) e T A RBRE B R
B MR iR R Nk sLendrd ey o st 0 R R E B F HREk D
AR P PE AN FE“F\ i * ok FR ol kAL L AT R 4
ZEF ERIE RN B 5 DR S TR U i TR s E R S A o P
TAERE -~ VEER - %ﬂi&ﬂ#% BREEE S FHIBRA - F R
CRZFFZERE AT HRHAZHE A R PR RET

LR ORI R hdmo K R Nk Suehdr a0 X d R AP BE R
e F BT R EH RSP R R VR SRS LR
Wb R AET o dm Rk HR Lk el 2T BT o
4.1.2 BB H %R

AP ok G b RS o ESE S FEHRIGE 0 R RIGE 2P

TP RBEHEZ AR FTO O RIERIE P AERCR A P T T 2
Thl G AR b oiE 7\151 W o FHRFALE- B 9.7Tmx49m
x29m FENFHZE? EERERFITRALIRP ) RHZEFY G
- B20mx09mehfE = B 05STm HME » AdhiTa > E g
Po it - BOSmxX0SminBRET > X KGR 5o+ F B AED
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B3 e SRR e 5 A G R B OR IEE_ 094 me @ RS A G

\

o

BE o RHBOFIENE092m A & kearkE (water discharge rate)
%70 Lpm e KjF = st A fweny WHE AL PRI ZEP RIFRER D
Gelfco FA8Y Z 3G BB VRFIER > X VU BTRE o RiFu
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