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Burning behavior of compartment pool fires with different ceiling vents

CHEN Bing. LU Shouxiang, LI Qiang, LI Changhai, YUAN Man

(State Key Laboratory of Fire Science, USTC, Hefei 230027, China)

Abstract: Heptane pool fires were conducted in a compartment with a ceiling vent, and the effect of the
ceiling vent size on fire development was investigated, in which two pool fires of different diameters and six
vents of varying sizes were used. The fuel mass loss rate, gas temperature distributions at different
locations and the gas concentration at the base of the fire were measured during the experiments. Results
show that the oxygen-lack regime and fuel-exhaust regime are defined due to the cause of the flame
extinction. In the oxygen-lack regime, the vent size has a small influence on the fuel consumption rate,
fuel mass loss rate and gas temperature, while it has an increasing impact on them in the fuel-exhaust
regime. Moreover, the oxygen concentration at extinction time increases with the increase in vent size.
Smoke descends quickly to the floor and the compartment is filled almost completely with smoke,
rendering so the “two-zone” model invalid for the fires in compartment with a ceiling vent.
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Fig. 1 Sketch of experimental setup



% 10 # TR F I o R E F b K %69 LR 897
*1 XHRER
Tab.1 Summarize of experimental results
BN e WM A /mm P KN em? MRS/ C Oz WS/ % COz WRIE/Y  COMeJE/(107%)
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2 100 145 14.1 2.8 422

3 225 143 14. 6 2.6 352

100

4 400 137 15.5 2.3 240

5 625 157 16. 8 1.8 143

6 900 158 18. 5 1.5 81

7 25 178 13.2 3.2 620

8 100 182 12.9 3.2 537

9 225 186 14.0 3.1 433

140

10 400 178 15.3 2.8 352

11 625 183 16. 4 2.2 207

12 900 228 16. 9 1.9 151
LY @ oAk i AR AR 3 A B 1 e ) ) o L

byt Ab R 3k 1 AR R 59 Ry A L R S 22 1) S AR VR (.
S8 o A R L O OB B AL AR o Mo M D
AT T, DL SRR v B I R R R B R R o
HCE A T A R 6.2 ke, k5 pE AN e O ORI K I P TR S 9 OB BB S g
S 100 b R

0.01 g.

W 1 s, D E N Y T EE g A DL R
SIZH B S E B 4> B 7 B RE T 25,5 F1 0.5 em HY
PEE AT E T 3 RAME 0.5 mm (9 K BB (. H
TR R 1 AL 14 SRR A TR S R T e
Uk 3T B T Ak L 4 Sk 28 M BE T 0.5 em. B L Al T
77 O FREEL 1H 2 0 BE TOUM R M T 5 o, AH AR SR
EFER 5 cm. PR AR 2 A5 B 7E 5 BE R4 BE
T 45 FA L BE B BETAT 5 em. PR EFY 2 A 12 TP
5 O P A B IC T 15 o, AH 48 4 H A5 19 1]
FEALN 5 em. BB AEAY 3 Wi 14 3P 8 4H R,

TR IE B A BE I A S BE T 3 ) 25 em H1 50 em 1Y
A AR 1 = S SR A 1 B 43 A AR (],

SRR 4y B AR B AE BB BE TR 25 cm, B IS M
15 cm BYALE T 4 DR ISR B O A AR — R
A Btk A AR A e S5 AR MR B L L5 556 U T 4 R Y
SRS 1 AE Ao

2 THER5TiE
2.1 FRERAERTHIE

AR FL 5 S 00 45 3] A AP JB R A8 A 1 B0
SR A ML, K B AR K e s T RS B
it AT R A AR 2 2 OB L TS T R TR —
(B RORDRE 58 AR BE . AR SRR AE A o 3R
IR IRBE 1L AR IR FE AR

Kl 2 WoR TANFRIF AT 2 B ok i
BRBHE FER. AR P, Y OB K KTF 20 em
(Aver =400 cm?) I, 10 em T A2 19 3 1 JORE 1 FE 58
FRAT B RRRE s X5 T 14 em B9 3 kL 24 0T i K&
30 em (A =900 cm®) B FEJS BT A3 AR T 78 Al
AR S0 T 00 R s KRR R B S sl 4 TG R kL. FR
Wakatsuki'*', Quintiere™ &5 i iff 5% 45 3 0l %1, it
I K A HE K 2 T 2 N A A 8 11 AR SO 2
BRI BT 3 B 1Y

1L.ok|=w10 cmrm)( ﬁﬂfﬂﬁ“ o s
o 10 emiti Kk, FREFER
A 14 cmith 2k, #ﬁﬂﬂff*
0.8 a 14 cmitli -k, #AEHFER
£
=206
£
£ 04 .. .
02 -‘ A A A 4
00 260 460 660 860 1000
Ayen / sz

2 AETREFFAEH T BB EEER

Fig. 2 Consumption rates of pool fire with different vent sizes
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Fig. 3 Burning rates of 10 cm pool fire
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Fig. 4 Temperature distribution at two heights

in 10 cm pool fire

AT 8RR R 0 A I A R o A AR SOR
INECE 2 B IME TR b BRI 0 T o

N
Z 'I\i, hLl
o 0

To = (2)
2L
K, T b @B h BT 4 A ) 24 e A 0 2 ) e 3
{85 L; A T, 30 e AT G B Bl B i A R S
B5 25 1T 14 cm il R 6] 20 00 5 = N
e E 1) b R IR oy AL E T 32 B TR S O R
S 3T T4 BT 1 30 AR X A Ch =70 em) . B BETTF
R S JE 2 P O TR AN T T R T S 0 R AR
FEAAR AR B & BRBE I HEAT I8 2T 0 0 I 3 T 4R
T REE S ) b AR TR B A A R AT A
WRBE I I, 0 2 N 0 T B S A AN W L 3R BB R AR E
AR



% 10 M TARRF I o RS ¥k KRy A i 899
?n i T T T T
60y | 0s ]|
50 ko —o—10s 8 ;
= ——20s 0s A
Za0k ——30s 0s
v 1 ——40s 00s
=gk ——50s 00s
=30 ¢ ——60s ]| —*—300s7
. —*—400 s
o0 —-5005
—*— 12057 ~e—700s |
10+ ——140s —4— 800 s
=—155s 900 s
1 L 1 L 1 'l 1 'l 1 1 n 'l 1 1 1 L L L 'l 1 1 1
20 40 60 80 100 120 140 160 180 200 20 40 60 8O0 100 120 140 160 180 200 220 240
‘EI’L]’I f ﬂ: -"l °(: i:JI][ILJ]gz- J'r UC
(a) D=14 cm, A, =25 cm® (b) D=14 cm, A, =900 cm’
Es5 BRENEEAELELARRZNSERESS
Fig. 5 Vertical temperature profiles vary with time
70+ ' I 70k
60 E 60 :
50F 50k
§ i 5 1
— 40+ s — 40+
: D=10 cm, Ayey/cm i D=14 cm, Ayeny/cm’
£ 30 —=—25 1Z 30 —=—25 A
——100 —*—100
20 —a— 275 201 —h— 225
——400 —v—400
10 ——625 10+ —4—625
——900 —>—900
L i 1 " 1 i 1 i 1 " L i L 0 L L ' L L 1 ' 1 1 'l
20 40 60 80 100 120 140 160 20 40 60 80 100 120 140 160 180 200 220 240
AL/ C AL/ C
(a) D=10 cm (b) D=14cm

6 AEFAEZFHTHEBRHNLUNSIEERESH

Fig. 6 Vertical temperature profiles closing to extinction under different vents
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Fig. 7 Gas concentration at the base of pool fire
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