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The Effects of the Area of Openings on the Performance of a CO,
Extinguishing System
—The CFD Simulations of the Oil Surface Fire in a Machine Room—
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ABSTRACT

Carbon dioxide(CO,) agent, which has more safely extinguished fire than any other gaseous fire
extinguishing agents, has been widely used in various protected enclosures and types of fires. Accord-
ing to the concept of performance-based design(PBD), CO, extinguishing system to be designed is
needed to be evaluated for the performance of fire suppression with possible fire scenarios in an
enclosure. In this paper, CFD simulations were carried out to study the effects of opening area on the
performance of CO, extinguishing system and the flow characteristics in the machine room of 100
m?® in which kerosene spill fire happened. This study showed that time of fire suppression increased
linearly in proportion to the size of opening area, and fires for each model were completely sup-
pressed prior to the end of discharge of CO, agent. It was shown that mass flow rate through opening
was influenced by the combined effects of heat release rate of fire and discharge of CO, agent. After
CO, agent was completely discharged, oxygen concentrations in enclosures for each model were lower
than the limit concentration of combustion.

Keywords : CO, agent, Performance-based design, CFD simulations, Opening area, Performance of CO,
extinguishing system
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Figure 1. Fire model.

Figure 2. Grid systems.
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Table 1. Property and data for design fire(kerosene)®

AV Z7F U5 27) 21%9 AtA BE7F AF 2
281A I, 94234550 15% o)3t2 ZAsd 3
A CO, A8kl &3] A2 asl @t

A5 37 UF9 sthEErt dadAlezed 15%
o mareb=d YR COo, 23 rEE 28.57%0]9, ¢t
A& 20%E ZEsHH CO, AASEE 34%°t). &
el AME A4 ZEsiAle] A3lE 9% Co, &
Al E 34%e TEE HE3a, Asieite) §4
£ 2x02 TF(volume%)o} 99.5 olAtolth,

B A7 AMEE CO, £3MdH]e CO, A3FeFA7}
A Y F7+ AAd FdsA BARE = A=EE )
9] BEAR-ZS A% vlZ2 oo AAsPeh I3}
A kA 7] Z(NFSC 106)0 A3t T skA) o] 790
e HETY A Fo| 100m*e] A9 slFee W&
AFE 09 kg/m'olth. weka Asle] 8§ CO, &
3hekA| %2 90 kgolth.

BAR=Z 177} BAAZE 12 B9 933l A8t
AL 45 kgolt}, ojw 20°C) Z -] thdh o] akslek
29 BlAA 05463 m¥kg FE ©lE8d =EAA B
ALE e ol AtstEtAe] BAKGLEE A4FEPE 40,97 m/sol
At

Property Descriptions and Data
p : density [kg/m®]
P = 820 [kg/m’]
0" m” : asymptotic diameter mass loss rate [kg/m*s]
bl = 0.039 [kg/m*s]
AW AH, : complete heat of combustion [MJ/kg]
= 432 [MJ/kg]
k : extinction-absorption coefficient of flame [m™']
kB 8 : mean beam length corrector
kB =35 [m!]
D : equivalent diameter of fire area [m]
D= 4A; = 1.128 [m]
TN w A¢  : area of surface fire [m?]
=1 [m?]
cw_ e kD m”  : burning rate per unit area [kg/m*s]
m'= iy, (1-e ) = 0.0382 [kg/m?s]
. efficiency of combustion
= A b =07 ’
AH, AH.r : effective heat of combustion [MJ/kg]
S Q  : Heat release rate [kW]
Q= Apm®y-AH, = 1,156.6 [KW]
{=m te : duration time of combustion [s]
°" =214 [s]
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Table 2. Property and data of CO, extinguishing system®'?

Property Descriptions and Data
21-0 Q : CO, volume for extinguishing fire [m
Q= O—sze“ 0, : O, concentration after CO, flooding [%]
2 Ven : enclosure volume [m?]
c,,,:vQ x 100
+Q Ca : theoretical CO, concentration [%]
Ca= 22100 = 28.57 [%]
C, : CO, concentration [%]
_ = 34 [%])
Ca=SxCy, S : safety factor
=12
m : calculated quantity of CO, [kg]
_ = 90 [kg]
m=VxF F : flooding factor [kgCO,/m’]
=09
m, : quantity of CO, per nozzle [kgCO./ea)
_m = 45 [kgCO,/ea]
My = N N : nozzle number [ea]
= 2 [ea]
m, : mass flux of CO, [kgCO.fs]
.y = 0.75 [kgCOfs]
in = te t : flooding time [s]
= 60 [s]
Qn : volume of CO, per nozzle [m3CO,/s]
= 0.4097 [m*COys]
Qn= Veo ' My . . 3
Veo : specific volume of CO, at 20C [m*/kg]
= 0.5463 [m’/kg]
Va : velocity at nozzle [m/s]
v o = 40.97 [mJs]
"TA, A, : area of nozzle [m?]
= 0.01 [m?

Table 2 2 7o) AFS-T o|AbajetA Aok
T BAREZAM S BARRE F o ushehd 2shdu)

Table 3. Fire scenarios

o] AeEe Jehid), Fire model nge Descriptions Note
t=0 |ignition

2.3 BIxjAILRI No. 0(0.00 m?) free burn test
_ t =214 | end simulation
B a7AE ATE BH o] CO, AshaH)e] A3} —
ol vlXE FFe A st A Slm = [lenfon
dg sl ) NEAIEE FUANUT Table | No 1001 m) 1225 | S ra® | performance
- - - ) O agen
3¢ 7} SARDE S 28 WES eI | No. 2048 md) = 2 test of CO;
FDS ZEIYE CO; B plB75sh 2& Asfep | No. 3378 i) | (=gs | O3 docharee | SR
A 2A2 BAE AGSHE g 2B & Ao T 2 B
t=100|end simulation

2 @7elM sAlEdel 271 H A2 FDS(ver.
4079 718AA=AE HE3At.

$lBfA 2B 8rE] =], 228 AL, 2008

#%The value in parenthesis indicates the area of opening.
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Figure 3. Heat release rate of model No. O (free burn test).
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Figure 4. Heat release rate of models (No. 1, 2, 3).
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Figure 5. Fire extinction time.
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(c) t=25 s

(e) t=45 s
Figure 6. Temperature of model No. 1 (at y=2.5 m).
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Figure 7. Mass flow rate through openings.
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Figure 8. Mass of gas species in enclosure.
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