G FIA S} =X, AI9H A2E, 20054

= &l

CO, 25|

CETY ME RS5Y ¥ A8Ns=E2x0 e

T. of Korean Institute of Fire Sci. & Eng.
Vol. 19, No. 2, 2005

AT

A Study of the Characteristics of Flow and the Distribution of CO,
Agent Concentration According to the Number of CO, Agent Nozzle
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ABSTRACT

We have conducted a numerical simulation under three-dimensional unsteady conditions in order to

_analyze the characteristics of flow and the distribution of CO; agent concentration according to the

number of CO, agent nozzle. The engine room of a ship was selected as a protection space, and flow
fields and CO, concentration fields were measured. In case of increasing the number of CO, nozzle
from 2 nozzles to 4 nozzles, the distribution of CO, concentration showed low, and in case of increas-
ing the number of CO, nozzle to above 6 nozzles, the recirculating flow affected to all region was
generated. In case of increasing the number of CO, agent nozzle to above 4 nozzles, the iso-concen-
tration line below 0.36 expanded or contracted slightly. Therefor, the proper number and the arrange-
ment of CO, agent nozzle are considered when CO; fire fighting system is designed.

Keywords : CO, mass transfer, Nozzle, CO, concentration, Numerical simulation

LM B e # Al £33 YA @ Aok 3

ARk ey 7ldd e B2 779 &2 % Ay sos

Aol st2d 9 rladel v AR 7 EYges Fxrt EREA Holgle] oHd 54e

&7 23PFAQ) CO, 23RS AMgOl FRHE ofF A dte] Lkl EAleETS v sleof ). 53
Igled o] 2shgA Y e A 2k AR, 23] BARRESd BE §F5 32 28 =

HeAold, AojdEel WEyoe] HAEE EAbx
202 g F Utk
7H=A(CO,) 43N E Adte
AX A BEFzre] &Aoo wE AstA g AskA|
ZA)gbe] Oig A A oy AFA BA

=2

H}-

AL BM3le] €O, 28R A
IAA AR

B g s 57.6%,

242%, 71Ek ¥Qlo] 182%5 AA|3}aL, o] & 57.6%
YE-mail: cspark@mmu.ac.kr CAA R AEAl o sAlE Z|RAdsiAld] P

37

A 7V AR &
A =35 2 WARAS ARstdol k. Aol
AMe] o £FEBVS) wIAo] WEH A
Ag Astgol met Bestel vy, 3, waslBe @
ZEH 9% A7}



38

o] A A3t Axe Fade dis] F doh
7}2A 29 #EE T A7ES A¥EY
ZAAY? 58 o]atslekisl E8A sA B2 €1
G BZadlsxd B3 A4E ALY, Saso
Y? 52 t@F kst tisk EE tjA] LsheAl
9 2sbsxo] B3 AFE FYHHT ATV T2
7h=A AsAE 33511«1 AA 871500 %Zﬁﬂ
F 23 AAY F/YTLE AT =F
I 2d wE HRAEAR S B4R, Lee® T2 ©]
Absleba Asldy 1—}%’\1 AEAGGR A&l
B3 AFE, Park® 52 7h2A APl JiERE
s "\E}“ﬂl & ‘3—! BARA A3 A5 —’F}B
3lgTh 7hA AsMdule] TS A2 ATE F 4
A BAAZEwe FEEF B3 A7 Fotry] o
Ho}, wpetd 4A3A BAES UE /5 2 CO,
28 FEEE i A4rF e, B Aol
AE CO, 23ABALESFE HEAAAN ER = 7
FEA 2 COo, 23AFEET dg dFE Y5t
o CO, &38R AA A asiord 7|z A8E Al
Ttz gl

2. O| =54

2.1 X|HHeE4|

FEAe s8] A8 AR EE W
A AR NRsl, OF 848 addeR FMst
7] 95t 2w w2 Sl s W=7 HE?l Favre
B2 FHe T uga el dis) f=d Aeg A
ubg A exambg Al oyx]) Wy 2 AP BE
e o 7

Al

(1) |2

ol

%, 2 (55

2 (pi)=0
2t T axj P
@) £EFRRA

o(piy) i(ﬁﬁiﬁj)= _%p, i(u(a_ﬁ' + ?EJ)

ot 0x; ox;  OxN NOx;  Ox
2 . 0u, _. .
Sijax' - pu_]ui] + pbl

8 =iy, 8 sik
2 (phy+ Z(pih) =
iP5 (P = 5

AW =EX], A9 A2E, 2005

o

pRae vgs

-
%
@) AEREA

2 ) - £

a e~
Z(pY)+=—=(piY) = i
5P l)+axj(puj 0 o, P F

(5) BBl

25K, 2z - 2 (s L)X
L (piky==< +G,-C
R ACE ™ (“+ck)axJ k= pPe

(6) FEAE LA A

2

o(pe), 9 = [ g pe
o 'a (p =g (140 E)axj}' GGG
(7) o171 A el 2]
¥

2.2 A=A

vl 27ke AR 288K, 171949 &7, CO, A#H
Bgo gojr} o] e 2ANM AF =Z2HE 2
Zrg 19 UdAT 25 (288K)9] CO7F B&E 0 uj
7= Jg-o}]g 15 147‘ AA WA x5l RE

o BE t!‘, %%01111 EH%‘DB_% FHi7E oolge
& 2 %o}‘}iotﬂ BEAbeZE(Z27]: 05mX0.5m, &
g3l 007 m)lA g LA EAEEE EAE T
o wel FRHFo| HIEE S=E ALtEd F3
T {AMNA = CO, FH FEAAZE = BARES 7381,
BEARE/(=ERAHEA X EEX 2 EP) = BASEE T
gt}

Real wail

Ceiling / LSU Right
ic plane

y
Leftwall | | Xy 24
Z
Bottom 45 7
i iop

AT T
1000

Front
symmetric ptane

Fig. 1. Calculation domain (unit:cm).



CO, 43[4 =&l W& f554 B L8l s dig A7 39

—_—X

1.0 1.5 2530 4.0 45 556.0 7075 85 90 10

0,0

-] 28 38 48 5% 68

1.0
l 5 @ 101 02 03 04 05 06

25
3.0

2% |07 08 09 10 " 12

4.0
4.5

38 113 14 15 18 17 18

5.5
6.0

48 119 20 21 22 23 24

Opening

7.0

Fig. 2. The location of CO, injection nozzles(unit: m).

DAFE x5 B B 25 ez iAol v
Zrol 7194 A309) 1/4(10 mX7 mX
55m) & AT hAS stz gk wEbA
34 FHoll= F Y FAYG JY E e, Jﬂ
I F R diARiel A Ak FF 4 A £F
317] flated o]E& Zz HEZH(left wall), jti:*bs
(rear wall), A%, v sAsIA o™ F M
WA e AEE gPoaRe) dxg adsl 7
Zt -2 A% (right symmetric plane)s} AT (front
symmetric plane)Q.8 RE2} St} 7B ZUEE
& 25 Hg5o] glvky B3 94X 71HA HA) 9
213k wlj7]rgte] A=} doial B

23R RAR=Z 2] W& Fig 29} 2] A4S 43
6L T3 U F P ol BARE *T“’ﬂ o}
2 e GA 7Y, BAREE $E DNAA $7EA] st
AFIEA 5548 9 CO, 23T EEEE 43t
A s 552 33 dRFELE 7Y AL
A Aol 7123} 55414 HPH (Control-volume based finite
difference method)g ©]&3= A& :?'_E.?l Fluent 5.3
B]A-S AME-31% 7, Up-wind scheme 2 Simple algorithm
& Hgslon dREYREE XE e DS AMS
ATk ARE AR 54X37X2801H Y AXE
AEEIG AL, PR AL 7 AR A ALt AR
Aol Hjx] o] 1073 of3fola, YT A
&l 2o FaweEe NEAL ARyt 7] W
A S WE FES Aoz At} Time stepe
1sec®E FT 8)4dado] ths Implicit schemeS At
R

4. &2 % 0F

£ dgelMe FEEztel Co, 238 A

fijo

Al LA BARESE S0l W2 {5 R CO, &304
FTEEX HRE 932 BAE] st EAE
T2 0N, 4N, o 2 = F/MIFIEA e
HEF7 W 554 ¥ CO, 43 sEEXENSE
rEsig, Aukashdy] g4 28 olulol] 4skAl
WAL ok Sohal AL 317) wEe] AL THE
0~12027A 2 A sHoh sl A A H oF
(SOLAS) WZF7F W] AasE g 15%°)8tE 2
o’ Z& FASL o8B =2 ol FHFd= CO,
al:_,_g 038— *H’7§ l-:Ea]. B=7 o] = o]/\l-_g]
9¢ FRFeUEy 22712 g gEgel
7b o) B o] FAFEWIE AEE ARSI 90
2 AR VEtE SEEAT CO, 43K &
EHsE 2.

ik

ofN of ¥

P

M =

1 2SHEAICET7 V1Y E%
Fig. 3& 434 BAL=ZES4o] & Yoz HE
275m, 2 HORHE 275m, &7 AZE 45m
"ol viX S -2 (Fig. 273 =EHSE 08, 11
Holl SIHEALSEZRE 24 m/is9] oAtslgEAs &)
A7y BAE of 7 dHe) §533 Co, AT
BEXE VER)LL ATt
(@) FEANME dupgded 2% R
A 47l Aed Kol B o EAIFY
FFo|l Yehts F, 99 A 59 Bl *c}

HEe @ £ U ot BARSIERH A

N7t LR oI - EARET Aol o
A ¥R ASIHE SAA] e ek
Aoz Az agEdd WY AESRTL 2

A2 HULEA $
A=

FERTANE 0|9 2 FERHOR A U
mtetEe] g deld FRFEY ol 5
EE UL wetHol weEie) 4rdees
el Yol HoAFT U

- @ Lehae] 2HY Bt 5
o FEREE Ushin Yk WuieHe A o
TEEE o] FEEIE Ro|X FYTHE2 £
ApeBT A R Aolold 0369 FEEA
7t BA=e] ot 28 (b)) (@)SHasie] 2 036
o SEEAel e 036 olste) FERES et
WE o S Tk ol RAVIRIE R o
AYRAES T FuE de e HRASIR
g WA e AR ARl AN
A1 W9l Ao AANL,

°8‘°3°ﬂ A8 T°r & EAT

—_—

it
HE

T. of Korean Institute of Fire Sci. & Eng., Vol. 19, No. 2, 2005



v T eraer

=

A

o

»N

i \/
9 Y.

i P L s
° 2 4 6 8 10

7

6

2 4 3 8 10

ZInIMANY
TII NN

(e) Flow field at 90 sec(y=2.25m)

Fig. 3. Flow field and CO, concentration distribution at 90 sec.
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(b) CO, concentration distribution at 90 sec(z=3.5m)
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Fig. 4. Flow field and CO, concentration distribution at 90 sec.
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(c) CO, concentration distribution at 90 sec(y=0.01m)
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Fig. 5. Flow field and CO, concentration distribution at 90 sec.
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Fig. 6. Flow field and CO, concentration distribution at 90 sec.
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