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On the Fire Behavior Due to the Ventilation Condition in the Fire
Compartment
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Abstract

A series of fire experiments has been conducted to provide an improved understanding of the fire structure

of under-ventilated compartment fires. A comprehensive and quantitative assessment of gaseous species from
the fire was made in the upper layer of fire in a 40 % reduced scale ISO 9705 fire compartment. The global
equivalence ratio (GER) concept was used to characterize the fire behavior for various fire sizes, fuel types
and ventilation conditions. The oxygen concentration in the upper layer reached to zero near the global

equivalence ratio of 0.4~0.6 while the carbon monoxide concentration increases with increasing the global
equivalence ratio. Classification parameters of ISO19706 were also compared with the reduced scale

experimental data for under ventilation fire.
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Fig. 1 Photographs of fire behavior for different
ventilation condition in a compartment

-

2.1 A
Fig. 2 + A3ol| AF&H Ao 8 X4+ 2
SAAAE Hepdar o A ke A7)=
ISO-9705 EF3hAA o 40% FH4& Edo=x 7
o] 1.46m, % 0.98 m, %01 098 m °|H iEF =9
T A7 F 048 m, F°] 0.8l molth & AT
o M= QoA FEE 7Y dFS dotst
7] st FE 90T Fo Avtew =9l 0.24
m ¢ Aol gt F7EHQ AHE 53
37] R=shAel A9 shAA
1000 Cold FA=7] wftoll sAAS #Askar
HY S HAas)t 7] flste] 3 ¢
Fqom T i W%@rxﬂﬁcﬂ vl BE
of mig UrOlE(marmaw) HEE 28319l

st shAle] A7)l A %io] st e S
Fo YX3tar AF8¥ A5 = | Eh(methane), &
(heptane), 2] 2~¥ &ll(polystyrene) 313 -(pellets)=
ol-&stith wE ek shAje] WAL 7} W
Zol7} 25 em 1 AAMFE Ut F(pool)s 7+t
ol-gatglown et & Ao A oA A&
How dns waste] dme muA 71018
AGstAl FAstAT g stAe A9 4
7d0] 22 cm, 40 cm, 60 cm 91 YEH o] Z X~ Eleail
1P EE A F JJrO] gl A 3}(pilot ignition)=



7] 23] mE sAAs A %9

M Table 1 Summary of the fire source and doorway
nominal heat release .
Fuel doorway size
rate

Methane | 75, 180, 270, 400 kw | (Uil doorway

(w=0.48m)
Methane | 75, 180,270, 400 kw | nalf doorway

1 (w=0.24m)
T full doorway

// Heptane 150, 380 kW (w=0.48m)
T . . Heptane 140, 220 kW half_doorway

£ 5 (w=0.24m)
- IReaEsamphng - ? ® full doorway

ocaaon /
i ! polystyrene 15,70, 360 kW (w=0.48m)
- It /’ h
““'-—--‘\_‘ Frontsampling —

_ me _ 4 4 MWO2 1
0= (M ) 9t U= Y, e ()

. location

Fig. 2 Schematic of the reduced scale ISO 9705 fire ¢
compartment BEAF, A 0o = S7IFHE A4
719 ES A Y
T2 SAstY] A EHn AR A9 (oxygen
22 5K =X depletion factor)= Th&3 o] SAE Aa7bse]
7] 2o mE AxRAEES] AsE Fdeotst wRed o) At
7] flate] A AEH-e] 2 7t YA A Ax
7k e g 2kE SASIY. /)l < XS, (=X = Xp) = Xy -(1=X75))
e AW ZAAAE FUF A 0em F 0T (10X, X, —Xo) XD,
W Ho A 29 cm, HAol 10 ecm A Hola TH

> 3

2

D

OFASAE FE HelA 29 em, S Rl A =4 BIa4e A9 sad, 94 4L
29 em, Ak 10 em A H 7h2 FEE A odw 9 A oF 14 %, AL B gus ¢
sttt Ata wme] SAHL A kA AV o] dme 24S A selelr] YE AL
(para-magnetic oxygen analyzer)S ©]-83}3 3L o|4t oF 20 % AL =A Q3= A A "0 B
s} gash distg L] Fes HEZA A 7E Agey AlsE dss Febd, Zald ZA o
22 4 7](NDIR gas analyzer)oll ]3] S4#v. = A 2 kel 7] wel A exke= oF
A Ao A =Y ArvtrE 1| GAR =do) 14% A&x=olth Table 1 & Ao A&¥ Ag, o
ofolzot FEHIE, 2 @AIR A8V FElAdF I 9 ZQt 972 gokslel Jehdth
dHE FdstH &% =5ES AASaL 23
L/min ¢ o= zt7te] 7b~ EA7|2 3549 3. & 1}
U dAdvtze] 2 oF SAEAEe] FFFS
Hastshr] fEl ol AHEHE 7 F9A EH 712l wE sAAs 54 stAEgt W
] (aspiration thermocouple)E ©]-83}R o™ JFUH Fo] Aasmd 93] AA dEgs v Hr 3
&2 25 L/min ]t} 7 7|%o] g A5 A FSHeds AiA
Folxl shedell digk ddF S g ¥ 4 AE A dAZY AT EASHA "d. 1
ol7F 3 mQl AAAE FEE JH AL A% Hu gAAe] AF5FelA dh whgo] 1a Fol
Al oJ&f SAHHM F547Fs Ao TIdFS °F 1 At oA FuE Axmel Hls) $r|Fe] F=5
MW Aolth, ARk wjy] JEM e wiZ|7E  she] Bebd AAwks eIt HW A5 T
2o A#FEFI o o8 NAHE AaLR ¥ duet AAAEY] TR st AbA
H (oxygen consumption principle)oll 2] &l A2k} ® FTEv 5438 gaskA o



370 7‘:]! }\6] ;:ﬂ,

oxygen mole fraction

0.20 500

0.18 Q=400 kw —X0O2,rear 450

! — XO02,front

0.16 ——HRR H 400 E

0.14 350 &%
Q

0.12 300 %
Fo

0.10 250 %

0.08 200 2
[

0.06 150 §

0.04 100 <€

0.02 14 50

0.00 o]

o] 1000 2000 3000 4000 5000

time [s]
Fig. 3 Time history of oxygen mole fraction for methane
gas fire at upper layer of the fire compartment
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