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Abstract

The damage of cabin in a vessel caused by fire is always the issue that has to be
warded off. But the current method of fire extinguishes and personnel deployment
remains invariable. Although foreign and domestic specialists have made numerous
efforts on this, and had positive perspectives on water mist system applying to vessel
fire extinguish. However, the results of research and discussion are mostly based on
software simulations, hardly on field test research. In my experience of serving in
navy vessels, all the followings have to be taken into consideration, such as cabin
sealed, ventilation system activated, visibility of smog, cabin temperature, damage of
power equipment and restoration, in conducting fire extinguish in a cabin of vessel.
This research is focused on simulation and experiment analyze, taking foreign and
domestic cases and experience as reference, also, refers to the vessel water mist
standard of IMO ( International Maritime'Organization ) and USCG ( United States
Coast Guard ), uses fire simulating software ( Kameleon FireEx, KFX ) of Computit
Co., Norway, to simulate the effects of fire extinguishes applying water mist. In order
to observe the fire extinguish applying water mist, a fire test field, in correspondence
with software simulation, is built. 24-simulated fire situations are developed in this
research and conducting fire extinguish when the oxygen density is less than 12%
near the fire zone. The result of simulation shows that the water mist system can
extinguish the fire in 5 minutes with all ventilations off and cabin sealed. Considering
budgets, effects, fire likely to occur and cabin layouts in these 24 situations, 6 are
selected to conduct field tests. The result of field test shows that fire can be
extinguished in 5 minutes under mid- or high-pressure spray to fuel poor fire resource
or jet fire resource. However, time required to extinguish the fire using mid-pressure
spray is shorter than high-pressure spray. In the process of field test, water mist shows
good effects of temperature reducing and visibility increasing. Regarding the damage
control, short circuit of electrical equipment, such as DC motor, could result from
water drops condensed by moisture, directly dropping into the equipment. The
insulation resistance of power supply and AC motor doesn’t affected by moisture. The
result of this research shows that water mist system truly provides a good and

effective method of vessel fire extinguish and restoration.
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Marine System 3 %] & /i & 0¥ 78 !
I~ stk aeax1aiEzme g ~»F 3 B & IMO (4p b3 2
2~ %3 g B R 5 3% F % & US Coast Guard Navigation and Vessel
Inspection Circular (NVIC) 9-97 -

3~ peg % & * schedule 80 steel or schedule 40 galvanized steel ©
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10~ 5 5% BT 5 30 A4BATEH KR o LA b B ok s KRS b

TR EEEAERINLBRS -FHTELE LB BT s FF s
RPEF 1R sz s RAdy  PHRBERY X kG i A gw
kF v REL R LA ER 2o - ERFRPRE I VTV @R R R
[39) ¥ *higitim K 5 6 L7 RIE A4 Z 2 A N F 2T 2 > WA W H Fat - B 4p
HROFRE FFHME o Bi g Bigh 2 & FHE DL L S EFFHERE R
EATRBRL LRDR ) AR VR ET R AT RE o W EB R B A5 EE mok
HFaorEwL L Ly PREEHPEL AL g nFE HH R ol d kg

3R o

345 mRFER Lk REBRAEREY
(44] & rsfsL 2 2007 & " BAgpaefp * ook R Vi 2 #8347 [45] %
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4.1

T FRADERY KM

7 A4

FYTREAT e ﬁﬂv (IMO) 2 £ W5 fCp G By ~ % K FRP > T

50 % R Computit 2 7 eV ¢ #74% #1048 Kameleon FireEX (KFX) #4 7 % "a i

AJ\*% ) _F_—? ;-'rs\/_ ’(’J—J%/P‘l’é%‘:‘a— s 1 Ll\:’ o }\"‘%}@’}} q'\ﬂg’—_q) ﬁﬁﬂa/ﬁ F}"Q ‘%7 ‘ »

l}io

411 HENE

ARSI R B T e AT

I~ #8452+ 18 75mEX3ISmEXS.ITmE (%4 - s igF Ky )

2 b & kB - B fx (280mY/min) o

3 dpdg AT 1 A4 - 2 45 o

45 NOR T B CR S b KR

S5~ ch R BRA4 DB (PS175PST) - ¢ B (175PSI<P<500PSI) ~ % B
(P=500PSI) -

6 W FHm R E THE S TR R R A TR, 2 T
U HELRA JEFRER S R 24 BEEER (I0k 9) 7% HHE -
T~ Wit kG Laci ~BA A0 %R S IEER S FRE S8

BRI TFLIRBET EREL R

%9 24 BHCERTB R

4 b 43 iR | wE | PR | B
Casel | B 2 IR
Case2 | B A IR \4
Case3 | M A IR Vv
Case4 | B g2 s N R Vv
Case5 | M A w oA VR \
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Case6 | B T W Nk \%
Case7 | M B R \

Case8 | M T | R s LR \%

Case9 | B T | R s LR \Y
CaselO | B T e LR \Y

Casell | R T e LR \Y

Casel2 | M | s Nk A%
Casel3 B A i IR \

Casel4 B A N R Vv

Casel5 B A IR Vv
Casel6 2 & W s Nk \%

Casel? 2 & L EPLIIR \%

Casel8 2 T W Nk \%
Casel9 i B R \

Case20 2 T | R s LR \%

Case21 2 E B LR A%
Case22 24 $ w AR A%

Case23 2l 3 W e LR \Y

Case24 2 R R A%

412 B FRE

Ry g ko 2T MEs T ok [4647) Bagemk o TL AT HE
W s en el enZ e Tt 45— SLAEi ST < 4 :8.75m £x3.5m
Ex57m3g > g7y FpEE  RESERT ALY - Ldpisig Ay o nT 4
A (FwzE4cB S5 IE 13):

R I R L

AR LERCT ST EREC (BIP % FC)

figa B ez 17 (Rd)

WEEFANE (CHBROEFF)FEL 1o~ F U (iR i)

FE 1L RTHEL SN ERFOEED S L IEA

A
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Bl 7 ##3DEAE (T4 E)
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413 ViREmoKFEER L
PP TAsAa R E b (BB ) TR AFY R o
1 ~ FE é/f]’ ‘J\, ;}EI

FHERS R MAEY mok FRE R FRA R RSk

\}

(48> 49) forf ot X iR b B3 RAL > A2 5 R RT3 EF (i 4B) ol
Pl (heRl 149 s d §3 )0 28 SO 5 270 § 3 ETH

k_‘{ b 45

B 14 RV R TR A B

B BE AT B AgER Y spray fire AR (4od 10) 0 H P wl g Ep

Bk Tl o whw g e ok G e T S
310 f VR RRAE

R 80°417) 7F 57

i B 8.5 Bar

wh i 0.0320.005kg/s

EARLINA 2045°C

BT o

2@ s Yk

TEHRZORTNS0] £ gz FHASLE (IMO hR %z F 1 »

o
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5002 3 4 AT LTS 22 F )~ ok Facd R U R (L0 p B R
B ) 2 FHBEHET 2o F3H #2253 L ehpdF 3 3351 8 & ehT
(R?5IHFT3ahle s Bg) Bl &3 > VREXTL 2.15MW
3~k G iER

+ &£ MR (P=175PSI)~ # & (175PSI<P<500PSI)~ % & (P=500PSI)

\“‘b
iﬁ» ﬂn\
§
G
W
fzm

Fid Ltk B ER M A EL R AN LY

&)

B A PR TEXEFREUE AR LS EEE (0B 15) 0

Droplet Size & Spray Velocity v Pressure
Class Afires Class B Fires
3.5 ¢
"‘.
y
3 \‘..
M .
Y Class | Mis]
=3 % (Op0.S = 200 microns)
\,

— = 25
B o 77
£ 8
Ew
==
E 2 2 S,
o é, "@xb
= &
= ™
o L
Hd M~ [a]
L . g

g N

o [

h""‘-\-\..
Iy
1 e
_°"--._.____.__c .
0.5
10 15 20 25 30 a5 40
Pressure (bar)

Bl 1S ok Gof spk s~ inid ~ B4 RF
4L k& ¢ Combustion and Flame Volume 54, Issues 1-3, December 1983,

Pages 15-22 Droplet sizes and velocities in vaporizing sprays A.J. Yulea, P.R.
Ereautb and A. Ungut

7 & % Pﬁif«m \:E‘BF"F'\:E‘ KT AR A B (—g\;-g] 16) éixﬁﬂﬁ&rﬁfi*’k’ﬂﬁ
SRR 0 AR STESO f 2 Rpe LR A B WK R PR

1E S B L ko d o S E Y STOSO0 o T e 7 R 0 P

RS MoK A BB YA T RS R A
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o PR &
E &
E
£ -- 5
&
5 = £
5 W
£ z‘t; &
o
£
E &
5
£ E
&
i3 o

11257 @8 © 45 11125
1, 18

L 1 I | ]
B 16 @ kFHeEpeg kiR
F 4% &k /R : Combustion and Flame Volume 54, Issues 1-3,December 1983,

Pages 15-22 “Droplet sizes and velocities in vaporizing sprays” A.J. Yulea,
P.R. Ereautb and A. Ungut

4~ ok b 6RO 3t

2y FM& VDS $o kR Fdm s B e EHmips dRE(FT B 17):

7

b=
L

/f' v i

A
X
Machinery space max. 260 nm?®
1 =75 m -
f\-_'6‘ ’1—‘
"~
\ |, /41.
T = :
= =
\ |/ —
£ A\l 4
- \
5
AN
\ 1A —

A

Turbine space max. 260 n?’ (typical)
B 17 FM & VDS fhpcﬁ%%. )
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BMBELFATHY) BE=

FYEEAERR[S2 w40 xE - B AL RS EE- B IR
BEonslFRgHTa b (FTHI0LF 12) * ki3T5 wmkFE Y
REEE? 520 P L9 &N TE85T ) kes&Hsgan
B(EeSTIERE LT 0.IMQ Y ) 5 F R ZEBESIHI3P s
I N7 3
2% B M

Fl*rETER BT KB TAA BT 2R EF%? 22 RENET
BREAT TN TS BB ARETE LT BRI ERFR S

TREBEMRTLETL AART o ARBE kG B SEY 20 &
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BR 2 PR FR Bl FEREAA AT

& > RERATFTURITLHEE LR

(35 ®19)e-

B 19 BT RIER &

415 REBREER T

(IR D W SE:
(H¥ 22T rHme ¥

el
it
e
Y
fﬂ'
EIS

Teipeh = RO 5 B 2 A

W -
(2)dm K T Nk SLpcds 2 W

T [49) Fremok FR o k.

PPl b2 61 E R T RCER o

Rpch fs o iR 24 BT G M A

)M B pepranid b i 2R A5G A RER > R BAPFOE R ER > £

Y- g L Al b o B 0 R 5 R i# 280M3/min e

3 Rt Al
(DAL S VRS ok (BB kR R E RSB

MR R RP R R R R

(St v iR 51415 e 1S 0L R o ok i L
(6)¥-# FF F ( simulation Time ) 7f ;& % 51 % %
[49) #A2ET ~da L e R

2 b akE R [49 5 53]

(DEF bwm R HFEE ST SN R ViR -
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(Q)im Kk HFETH G4 N R R R > IR ok s Lok o

G H? ¢ s m kG AR PR HTBAE (T4 B5LE8F4 B
M ofh) R FE=R -

3 ERKE

(1) 45 IMO [50 > 53] % 2002 & # &1 > k7 i gf (8 VPR | k3= f b
IS SRR SR R QNS R E I A LT B
B3 dt LA 3T o RPN AFT Y 3~ 4 £ T B A (Thermocouple
Tree) & F 45 5 #1H#2,H3 2 #4> B =% 4o Bl 20 7 #77 » & EH T &
Ard 10 2 k-A B TR T X o P FEER FE B R 348 0 P R T X
PR 23K FEATBRENIF L CRESBHRTE T TS
Fel 8 BAMTH PP T ISP 03 K RALTETE D KR
BIBHRT® T T EE g 04 Ade it P A FEE 04Kl 1B
BT o

(2)F1 % Jg do R 5 R 0 SR E oAl R M Ag N R A A § AT g
Bl awl B AR R > G w B AAGEE 300m ek K w AT B A Y
FaBL S HSHOHT 2 H8 (S F W 20)  #5-#HT - #8 £ 8 BH T B o #6 F)
BEMRGRE R AP A RE 4 BHRITEB O KEEED T T S A

04 F Azt ERFEEO04 XERE 1 BHTHB -

g S =R R
TR

B 20 T Bl =8
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42 B frRERP
421 T R

ComputlT = @ &jd o} XS H# MBI~ b ~ L LB RES 8
A B2 Fmy 3 F I EOY RSk R4 § a1 £ Kameleon FireEx (KFX
k8 ) .4 ComputlT = & /#% = SINTEF § % 3 /NTNU (#%= + & ) #7F 3 » KFX
EEHEF MBI PR o PR B HP IR ER R EFY 0
REEHAEE F L B REESSEIY SINTEF AT %% -~ 2R
SANDIA M 7F % 2 3% % #E > wE 8§ WHeE VUM a2 20

- 5 %
Boow TR L s

422 HRWAE

KFX # %8 2 4 7 U4 # /&4 (Finite Volume Method ) > ~ # % 47 4] % # 2
( Control Volume Method )» H & i B2t 8 %32 A 5 > & B R ey §
F-B 3 LA ORI RERR A AR (A AR ) BE - BRI A
Ao jEm Bl - A g BV A i AR R R AR E O 0 Ry
FIWMBOFEL L IERIRFEECLPERREEFZRERE-

KA RFENEPR kg VHFEZ R BREEY 382 0 K

rfRAIT S E kg o F UMARE BT KN

-n\g,

T EPgEAT S 2 o 3 CURAR 2 A
FOEROPIZER PIOOBLDPFEEL R AR E A U A FIHEAEY
TR R deke A S R R R AR U] R A hT R -

KFX #c#8 #_ & Linux 7% & S TR B T & 7 8 > F2 &4 7 KFX 2 %
,;E

ZEREFT Linux F# k% K> Linux F% A Xz 7B 3 %GR

F AN I & KA d (B 21) & XS B4 iz TFRF KFX
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7 biornevcityved. SA[ reckel_launcher O] x|
njornew@citswvgd~> cd Projecta) :J
ewBcitsvg4: "’P;EJTU::7 mkdir NASR

racwBcitsvgd:~/Projccear> cd NASA/

ASA> mikdir rocket launcher
MIASA> cd rocket launchex/
fMASA/rocket lanncner> 11z

bjoxrnevileicoavgdi~/Pro
bjornewv@citavgd:~/Pro

(= | ornewvicitsvge:~/Projec

B 21 KFX *t 3 %z % £ 82
423 X RE

KFX i A2 i £ Bk 5 > d TR E2Z R RIS 2 RIFT -
SRR BRI AT BB R S R o el 22 RS R

Magnussen #* #: # 1! 2. Eddy Dissipation Concept (EDC) #£ 4 [54]) -

Turbulent energy transfer

Classical concept
ﬂ Work transfer
Big eddy ﬂ

= = B =N

PN el 7

Heat aeneration

Small eddy

Bl 22 EDC £ 4 7T & B
Hppris 2 B H03% » .3 7% » {8 £ 32 (backward Euler scheme ) »
¥ f# ;42 (Enthalpy )~ le & # & & 5 ( Species mass fractions )~ & & i £ 4 & ( Soot
mass fractions ) % ;% 4p T 324 52 § ( Favre averaged physical quantities ) 2. & 423 -
vobos A g4 R4 I * SIMPLEC % & ;2 (SIMPLEC algorithm ) »
M gt T E (theidealgaslaw) 2 &R+ ~ B R Z2 B R F b % o
% oo A RIE R m%] P m 1 ok-e Ron i 7 5 11 EDC HoER e A

FREArfxamlior g R CARAEARFBFE LT e 2 fles 7704

¥ & (soot nucleus) Z j@" AN CEAFTEASFLELEY A0 R4 an
Foip WedT i o pt T R BE Y AT ﬁg,] FHoN e L s Lz Rl R e

15 b B f o
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4.3 Bt &4

KFX e % 7 5k § > fff S0 F Mapfc - ma g v iohivd > 200
BB P 2 BE B Y g R s eh § 0 o R % % S % < SINTEF
BPXET %% FRSANDIA R TR % 2 I E%RN%E > wEZe B g B2
LR ARBE R 2T TR ke

BT AR KFEX Mg 7 7w ads g 3 (fERAT ~ 20 ER
AT BRI A R ) T fER Y SRR > T g £ gL 4
AT RERASNT  REF AR B FE R IR 0 EL SR
PoEMAE IR T oA RIS EY b2 F AR RS PR LR

e T LU 2 H M R L B
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5.1 b A aiE

AR EIRFAFRIF N FL R TR AV RG] o RREEH K
FTREAR R B ATIE 30% (280g/m’) PECL KL e F e BEon 0 kR I 100-180
g/m’ B?ﬁ* Foar g o A BB RFRITZ X ) o AR B URFTKRARE
WA 030 961 5 S IR A AZE A 25 S0Pk R AT RS e 0 2
ﬁ

jL

LAMHdrdk s § 2 F CRANRT o1 ok FenEE o ok EE LY L
5

FlssrAdd >aXmegd d- il —-F L - A7 i@ La

FORES VIR LT R I RE TP Bk §FOREDR BB R
Boo MR f ok S RGR T B R Ep R R SO AR 0 12 96 pEAa e o

FUAGERROERARI PR ARSI RAOMAER - K APT
NEZFFERTFERERDREFAT S VRER P W KFX 7 - %t p {7

@ikﬁﬁﬁo%aam?%@&ﬁg%,gwpug%{@gﬁwxﬁﬁﬁﬁ

B A i 25 BRI RF A BRA UM 30 Bk Fa2 5

[

3 70°C (7 100 YAp iR AR £ 70C ) MR- B X DT § § LREF B

GHGE % ST I A R SL

5.1.1 @ Lt
1~ AT Lok FREDT A &P #7F Vik o R %HE T GRS
AR o R FR D SAFP AERE > TR ok F kb ok 5ot
W TR B LE

2ok FAAR RO PHTERE (T SLATI BMH) SBFER -
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512 =4
Lo
.%l%q"azé];,ﬂ“}l"r /éﬁ’&iﬁ.'l%’)ﬂ"*"—rl)xg‘.f’r""a,%}[ﬂdif%c)\—Q}EJ

L9 A

25§
RO RLIFLSFFAFLEP BFRLEFTRZIFT > 20K

BHP o RTEF AR~ (FIRERE E R SRRS AR ¢
BRI ERLEE G LR
3R

FURCEE R 2 R 0 R LS R B AT F F R R RO 12%PF 5 &
o m B APEL DRI RBEVELINA A AT RERY ¢

A2 A BB ED ERARS Y s F PR LT R G g R

52 FHREZT
21 0B P PHEE Sl AP %Y T Ren il 2
I~ b Bt b A (A € 280m3/min B v & # 900mmx1300mm )
2~ }}F’B’K%TF"’ ’Kﬁfé?
SRNER R - R e Sl S S

Wb BRRFOKEF ZEAWTHA oApF R h iR T g 35 & v 809% hi4p

=i

HRR o Rindid F g Ed T oo ot
Q(I/min) =2.77 P 0.5 (5)
Q:im% P: R4
ZBRA R
< &4 (170.4 Psi) ¢ B4 (340.8Psi) B B4 (511.2Psi)
R HE A RF L 10 kB F AR b 18 #Tm o X T

Gihw B4 T o HAeH g E L e d v o
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BB

RS Y ok kBB st -

11 oG R M aER ~ S
Flow Flow
Ventilation jDoor Fire source [Pressure per nozzle |pernozzle JAv. Droplet JDroplet
On/off positions bar liter/min kals Size micro m jvel. m/s

Casel off closed |Jetfire 12 9,69 0,161 300 1,75
Case? off closed |Jetfire 24 13,70 0,228 125 11
Case3 off closed |Jetfire 36 16,78 0,280 82 0,8
Cased off closed |Poolfire 12 9,69 0,161 300 1,75
Case5 off closed |Poolfire 24 13,70 0,228 125 11
Case6 off closed JPoolfire 36 16,78 0,280 82 0,8
Case? off open  |Jetfire 12 9,69 0,161 300 1,75
Case8 off open  |Jetfire 24 13,70 0,228 125 11
Case9 off open  |Jetfire 36 16,78 0,280 82 0,8
Casel0 off open  |Poolfire 12 9,69 0,161 300 1,75
Casell off open JPoolfire 24 13,70 0,228 125 11
Casel2 off open JPoolfire 36 16,78 0,280 82 0,8
Casel3 on closed |Jetfire 12 9,69 0,161 300 1,75
Caseld on closed |Jetfire 24 13,70 0,228 125 1,1
Casel5 on closed |Jetfire 36 16,78 0,280 82 0,8
Casel6 on closed JPoolfire 12 9,69 0,161 300 1,75
Casel7 on closed [JPoolfire 24 13,70 0,228 125 11
Casel8 on closed JPoolfire 36 16,78 0,280 82 0,8
Casel9 on open  |Jetfire 12 9,69 0,161 300 1,75
Case20 on open  |Jetfire 24 13,70 0,228 125 11
Case?l on open  |Jetfire 36 16,78 0,280 82 0,8
Case22 on open JPoolfire 12 9,69 0,161 300 1,75
Case23 on open Poolfire 24 13,70 0,228 125 11
Case24 on open |Poolfire 36 16,78 0,280 82 0,8

5.3 ##iEY

53.1 &3

A og Bk % 4% 1 SolidWorks CAD 7,4 %t ﬁJ 4 IGES a2\ fE8t 5 A~

7R A R - s X

:}z ff"— TB‘ pﬁ -é/‘]' R

¥ 8L2% 7% 400,000 B+ 2E#c o

532 #FiEH

BRI R BRAFL A

o
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£
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F s p PRI b
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J
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B KFX @ chil B iE 2k 2d 25 L St B R4 ¢ % F ookt
B R R AR o VNP R A G nE ST eridl R LD
B B BRARKFOREARAPR > 2 R LEF AT o
Edrf WA 2R T FR NG RTE Ak 0 T RN R B E R
F] s Bodm R R OMOT S G en i BE o KEX JURF P B RpAcTrRF A RS kil

T

54 REHAET HRRY

541 9%z F

AEZ DA HEFTHTIF LT 18T mE3Sm EXS.Tm B (HBEFTF )

W23 fesmpag i o ()
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Bl 26 ~festibag a3 (p0)

5.42 -k i 3
AR FR S ABRERFRFETT TR S HBFRE NS 670 2
Ao AR ok k sendRa o 1 eE (1000 &) kB g 1SHP (g R &

i (4o@27) @& R4 ¥ i 3] 36bar (522psi)

B 27 BREZF (=) @k (+)
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543 BB E R

KE G FERTRIMER  BHRTR L T 68 BRIE @ P iRl
£1 5 5 KType (2 Rl# Kl 5 0C~1450C ~ & = :#£+0.75% ) ¢ Thermocouple
(# T #® ) #pe Data Logger (FAREEF ) (T3 A FHERE R 2 °

B 28 4rF o 1 A A2 £ BEMAL B AL P § A
FEBZER: I8 TP 2 Ti>To@rRpA A2 RN 0 F Ti=ToFag TR
A oF Ti<T,Baimiz 2w g4pF oL R % & 1821 & d T.J.Seebeck # I >
Flov Ak fi2 5 B B su2c i (Seebeck effect) o § wELp 2 Tinind P A 2 T H
B ATES (emf) BAFRBFITRLB 2B F TR R TEHARFS
Seebeck emfe 4 #* A L sura @ G & He A p L 8r, 2 PR RR B E
EfIAMTH -

%)

CRlE # %

(A % iEl)
T1

T,

B(— %)

B 28 #ai (T>T,z §35)

B29 #%%® (=) ~DataLogger (¥ ) ~ FH#&E 4TS (+)

5.4.4 %k
5.4.4.1 @ # %
Bam @ L X el 25 1.5m x 15ma f 5 2.25m° > R smpEY B
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PES L &t e B 09mx0.65m F L E 234 mi N 2T % o

Fypd g 215MW L R E R sk 0 YRR E 2 SN aeT [55]):

O=A-m"- y-AHC <wnxusstin (©)

A=09mx0.65mx4=234m> <yt % X i @ # (7)
" =l (’1 - e“wD) <t A 8B R (8)
i, =0.039 kg /m’s 9)

kB =3.5m""
4-4  [4-234

(10)

D:\f - :\I a =1.726m (11)
" =0.039-(1— &7 )= 0.037 kg /m’s (12)
X=T70%=0.7 <—ybh Ml
AHc =432 ~ 44MJ kg (13)
: /\'O' MJT
O =2.34m*-0.037 -5--0.7-43.2 (14)
m-s ke
O=2.622"2=2.62MW < A kS
p
Q::234m2-QOZSJ%L-Q7-2OOA41 (15)
m-s kg
Q:0.819M‘j = 0.819MW < b B P ALK BT
P :

5.4.4.2 & X ik
BRRP R ok 12 PR - BV E S A YRR Y R o

oo P B TAg s e Y TR G R T E Lo o

2012 o Bl E AR

i3 £ 80°48.7) ¥ B
e R4 8.5 Bar

LR EL] 0.03+0.005kg/s
hoh iR 20+5°C

#FH K IMW

TR A R RS SRR L 7§ TR B R R bl A A BRI A SR
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=

L RAR RS E T [56]

O=r-AH (16)
AH = 44MJ /kg x 70% = 30.8MJ /kg = 30811.2KJ /kg (17)
10005 = XK9 308112 K (18)

s 300s kg
3005x1000KS‘J
308112 K7 (19)
kg
9'74::9 ~0.01132m* =11.32L (20)
8609
m

EFRBED IMW h# Bk v d By £ 8 £ F &5 11.32L/5min #

o T

AAATE 11320 A2 F <30 IMW o & 2. B[ 3 o AR %RE A4+

{4 25L s > AERFHEFTLGE 1LLIMW e

545 BT 9 %

5451 BT R 5%
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