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A model for predicting smoke filling time in a compartment
with ceiling vents based on the assumption of an irregular ceiling
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(1. State Key Laboratory of Fire Science, University of Science and Technology of China, Hefei 230027, China;
2. Department of Fire Engineering, Chinese People’s Armed Police Academy, Lang fang 065000, China;
3. China Academy of Safety Science and Technology, Beijing 100000, China)

Abstract: Based on the assumption of an irregular ceiling, a model was established for predicting smoke
filling time in a compartment with ceiling vents. 24 experiments were conducted in a compartment with an
interior dimension of 3.0 m(L) X3.0 m(W) X 1. 95 m(H). Four pool fires with diameters of 0. 10, 0. 14,
0. 20 and 0. 30 m, six ceiling vents with areas of 0. 01, 0.04, 0.09, 0. 14, 0.25, and 0. 32 m”® were used in
the experiments. Two methods for measuring smoke filling time with temperature and light extinction

were used. A comparison of the model prediction results with those of the experiments shows a good
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agreement between them.
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Fig. 1 Schematic of the smoke filling process

in a compartment
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Fig. 2 Notation for a compartment with ceiling vent

based on assumption of irregular ceiling

AR I 2 1 R PR DGR IR TR R
P B =< FD Y, TR I 080 % 9 S0 U ST R
TE1) TR Ay 0S4 0 43 1) 1 N2 ) 2 A 307
I [ B9 5 o B

L= te + to (5
2 e R B AT ] 1R KSR I 2
JE Ho WM TERS ] 5 ¢ 2 500002 8 A ) 2 B 40
UZ T BRI & B = BN ST I ).

K 15 2O [ B 3 07 ik T LA 2 23 (8] 1 AR
SJZ T REZIERb R B Hy I A A 5 I 1]

1 1
= ,TPCT At 25T (L — H@“]
(6)
X T TR I AR 2, X3k 1A TOOM o s T e BR K
BP H..—oo, WL 6) 1] LS By

t.. = i . 4KL . Ar;)of (7)
2 p. e H

Z3 (8] 2 JHAUZ T B = = AR RS
S 1] -

e nr=——
b= 2 ke st S [z2° H® (8)
B DR 8 A G B ] LS5 .
=Sk S S e ()
2 peQn z H;

BEAM AR = 25 A A e 0 =< H 1Y

WL A J .
5. o A

= 2 . H (10

F (O AN 10D w2 5 T 71 K0 T A 48 5 %) T 38

PG 2 M0 A E FE I [a] Fm A Y, = (o) An=X 10y Hh

WET B2 EE o X — AR &, R TH

JFOAEE N REE SFIE SR LA E N
A A

d .
EtJHPLLdV+ ZH(Sphv”dS— Q (11D

(0%

FH v, B IR 43 3R 5w R R Y
ﬁE,u:%;h RS h= ﬁf. Hor, 01D 2 mlEs

— Ty A R DY R B K L B T R T R AR IR
S 3 2o ) A S T O 05 B A
R4 B AR S T A

P
Pz — ﬁ
¥ Q2w AKX QD M5 — I, 17 5 8
GRS

Al &Jorav. -

CV rote
U Fr et

M T8 = T I 1AL Y 4 KRB R
TR T2 R M= R S SRR — R
FEPRAS, T ST X BAR B dP/di==0, 5K
(11 ZE M35 — 350 AT A S AR R 2

KD ZEMZE 30 /i 3 3543 20 A% B kOB 7 38
T 4 o AR 3 P PN R BN L SR DK ST I T R
P B I BE IS S TA KE  N RE S PR
LA ZEMEE 100 0] DLFEIR A

Zﬂph'v,,ds = 7';11)617( T,— T, +
s

12

mec,(T,— T, + myc,( T,— T (14)
AR, DA M =3 0, B 2440 525 SR



i

5 BT RALN B L 69 TSR I 2 A T 08 &3 70 B 1) TR A A 405

JEE TR E NN T, 0, SR 528 5B i A 2 X045
A PN B AR L % T (LD A SR — 00 214 KU
R R EL TR T 150 RS AH X 85 /08 i B iAE o o 3
2R, N4 KT8 2o OGS JF R A A AR R
R m,. WO LN m, +mo~m,,, W2 (14)
il

ZﬂphvndS = myc, (T, — T, (15)

B A5 AKX QD AT LIS H]
myc, (T, — T = Q (16)
27 U FF 1A AR T 8h 4R % AU &= AR fR 1)
S AT DL 2200, D) b S BRI )2 Y T B T R OC R AT
PIZRR N
i[‘%(sf Avet) 2+ 0 A2’ ] —m, =0

an

P& 2 A M AOE 9 T R R AR TR R S
A2 RN R A

d2’.. d<  d=

dt — dt  dt (18
B (18 AR (17) HEAT 8 3L AT A5 5
. dz .
m, :*aopg. 5 (19)
B QO AL (16) A LIS F]
*%’ pi* S+ c,(T,— T =Q (20)

20 W KR AR 1 AR B S A B TR] 0~ ¢ §E
Bl X X (200 #E 47 AR 43 AT LA 2]
(H— 2 s p,+ Se ¢, (T,— T, =Q (2D
MR A A AR S T BA
Te= T.* o/ px 22)
Bl 22) M AR (21D, gEAT R B A) LA )
p“””YH—oggq-n (23)
N e iR o, R — HAREUE (I o, =
1.0 kg/m®) . A (O M QO A ¢ B 21 A 41 <
JE R B = FIUHCIE FH Y RS AR A 3K (23) % T % B
1 . FEATAZ GG,

2 LWHE

WA 3R, LM EHARTH 3.0 m(K) X
3.0 m(5E) X 1. 95 m(ED). IEMEERH 2 JZ 3 mm JEA
FHWIIeE 12 60 mm JEREFRES A AR A B A8 TR

Widh 1R 5 mm ARSI AR R 5 cm X5
e N5 B A% S 2R A R, SO ER TR =AML
TRIENE B9 %8 B, 2R A8 5 45 4 HE 4% 4b 2 ok FH %5 &
it

0.50 m

]

TCO-TC 13

o T

EL

0.3

OD]~0D6\

it TR
.

0.40 m 0.10
o3gm [~ 7] 0pmi_p1opr

[5] «

Lo

190m | 1.95m

1.50 m I
3.00 m

(a) IEPLIE

—0.75 m—»|

TR AT
TC 0~TC 13 o

it
\. 3.00m

1.50 m

1.50 m

3.00m
(b) T HLHE

B3 ZBuRHEREE

Fig.3 Schematic of experiment setup
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Fig. 4 Comparison of experimentally measured results with the model under different vent areas (D, = 0.2 m)
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of calculation results of the model from experiments
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Fig. 5 Comparison of experimentally measured results with the model under different fire source sizes ( A, = 0. 25 m*)
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