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Abstract

The natural convection and combined heat transfer induced by fire in a rectangular enclosure
is numerically studied. The model for this numerical analysis is partially opened right wall, The
solution procedure includes the standard k-e model for turbulent flow and the discrete ordinates
method (DOM) is used for the calculation of radiative heat transfer equation. In numerical
study, SIMPLE algorithm is applied for fluid flow analysis, and the investigations of combustion
gas induced by fire is perfomed by FAST model of HAZARD I program.

In this study, numerical simulation on the combined naturnal convection and radiation is car-
ried out in a partial enclosure filled with absorbed-emitted gray media, but is not considered
scattering problem. The streamlines, isothermal lines, average radiation intensity and kinetic en-
ergy are compared the results of pure convection with those of the combined convection-radi-
ation, the combined heat transfer, Comparing the results of pure convection with those of the
combined convection-radiation, the combined heat transfer analysis shows the stronger circu-
lation than those of the pure convection. .

Three different locations of heat source are considered to observe the effect of heat source lo-
cation on the heat transfer phenomena. As the results, the circulation and the heat transfer in
the left region from heating block are much more influenced than those in the right region, It is
also founded that the radiation effect cannot be neglected in analyzing the building in fire. And
as the results of combustion gas analysis from FAST model, it is found that O: concentration is
decreased according to time, While CO and CO: concentration are rapidly increased in the begin-
ning(about 100sec), but slowly decreased from that time on.
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Fig. 1. Schematic diagram of Computational domain.
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Fig. 5. Comparison of velocity vectors, stream lines amd isothermal lines between pure convection and combined mode
heat transfer for heat source position Q.
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Fig. 10. Comparison of the kinetic energy between pure convection and combined mode heat transfer at location of Heat
source position @, @, @.
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cation of heat source position @, @, ®.

Fig. 12. Average radiation intensity for location of heat
source position D, @, @.
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34 HBIAK - WSt 118 1 GR% 25%) 19974 37

Oz, CO, COz9 ¥% wW3le) wa} Jerdx
o] £9 W39 mass fluxs}el FAFAAE v
sttt 9714 Ue stAdel 3% (upper
layer) & JYERSIT. 2olA AHRA 5
27 ex9 F4% F5o UAsd : Fx
7} W71 EE 21%90M F5EA dasgot
100sec o] F ¢utatAl ZAHAEA AZPA A
FE 1%l dA3A =gstgrt. o132 s
A A& IS A god da FEY Aa
2 ANT $87 2. COY COxel BEE &
HRY A Rr)e A4 Ay FH4% F
Ve Bo|trt 100sec o|F STdA HaHo
200sec o}F 79 dA s = W3E el
A oEokth. olR & AAFEs AR A8 °
o4 A&7t MYPHA gevhe AL YERH
Fig. 140 Yebd 4539 mass flux GA|
200secol ¥ A9 dAsA o o] A E]
SR Fetts A 9ndch

0.1 b 1§ 1 '
al
g
&
0.0 1 | 1 i
0.0 Time (s) 500.0

Fig. 14. Mass flux from the plume into upper layer with
time{0~500 sec).

v. 4 2

CCRHTEZ2ad g olgstel 23 Ausw
Azw Wie] dgo] EAE 249 AT
o) spAol et BN Adstae £% @
:}:

o~

4o w5 ALURY BAGAGE T
Aoz AN 2% e e AES Y
& & gl



1) A A AAdgFst BAE 28T 5
3 gAdL AAYFHE 1Ed AR
O fER Y xR BEFY & 4% 7|
A & FAE 5 ARer davti9
e A3 d&7tFsidn. A g
AN ARG BEAo] o7 L N4
I steqof gt}

2) Aol AFE Y Fof X W A
719] "Wtgoly gAgo] AFHeE AF

£ Aol Qo] Fde] ¥4l o 2
2 Azt

3) R=EHY Fd€ 3719 9% &+ A
AU Foll 93 ol £3Yo] Yol
FEFHE nHA RIHAT BFIASY
A€ Aol Al&d YR fHE 7t
g3te E39 Artddd A8 FA Y «F
Heo Z712 R 2 B UAE FEA
7l &3 Az ggdo

4) g BA AEE 9] #4549 AL o
v 49 2 7Y FUAR B2 HAMEE
E¥XE ez S99 AL = AF
o2 IE EARE e Qo] AN
g o] Y Rle} SR wet shA) o] &
o]l Gl & & 4 Uth

5 Oz BEE 2714 F53] Zadte v
COU COz= 43 3718 Rojtrt ¢4A
gt BXE Bor oA mass flux9
Hslel AT B F Ak getr 27)
Hde F84E L F A

o
o

o2

1. Cheok-Fah Than and Brian J. Savilonis,
“Modeling Fire Behavior in Enclosure with a
Ceiling Vent”, Fire Safety Journal 20, 1993,
pp.151-174

2. T. Fusegi and B. Farouk, “Laminar and

10.

1L

12.

13.

. Cooper, L. Y.,

. Kim-T-K,

. AE=,

Tubulent
Interactions in a square Enclosure Filled with
a Nongray Gas,” Numer. Heat transfer, Part
A, Vol.15, 1989, pp. 303-322

“Calculation of the Flow
Through a Horizontal Ceiling /Floor Vent.,
National Institute of standards and Tech-
nology, (NISTIR), 1989, pp.4052

natural Convection -Radiation

. Takeda, H., “Model experiments of ship fire,

22nd Symp. (international) on Combustion.,
The Combustion Institute, pp.1311-17
“Radiation and Combined Mode
Heat Transfer Analysis in absorbing, Emit-
ting, and Mie-Anisotropic scattering Media
Using the S-N Discrete Ordinate Method”,
University of Minnesota, 1990

. EBA, “BdA Y TR e B 0

AU F-2AL Y AP, AFURL B}
29 HF =, 1995

_uhelg, 9, R0 Sl €% Aavka

AE dAFd &8 417 371x3, B35 3
=EHA63 33, 1994, pp.267-281

. Fiveland, W, A, “Discrete»Ordinaf'es Solu-

tions of the Radiative transfer Equation for
Rrectangular Enclosure”, ASME J. of Heat
Transfer, Vol.106, pp.669-706

“Numerical Analysis of Combined
Mode Heat Transfer”, £9 ] w 208, 1995
Kim,T.-K, H. lLee and J. A. Menart,
“Nongray Radiative Gas Analysis Using the
S-N Technique,” ASME Journal of Heat
Transfer, Vol.113, 1991

Patankar, S.V, “Numerical Heat Transfer
and fluid Flow”, Hemisphere, Washington, D.
C 1980

Sy, 9=, Puddu|AR, F3le,
1995
Richard W. Bukowski 22, “Software User

guide for the HAZARD I Fire Hazard As-
sessment Method”, NIST, 1989.

WEIA - BB 1% 1RGE% 258) 19074 35 35



