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Effect of Cylindrical Confined Space Size on Fire Induced Smoke Flow

WANG Lei, PU Jinyun

Architecture and Power Engineering College, Naval University of Engineering, Wuhan 430033, China

Abstract This paper discusses the geometry characteristics of the fire—induced smoke flow in cylindrical confined spaces. Due to the
confined nature of the vaulted ceiling, the smoke moves down along the wall and close to the fire source, with a sedimentation rate greater
in upper side of the fire source than that around the fire. LES and mixture fraction numerical methods are used to simulate the smoke
movement in cross sectional confined spaces. The results well validate the forecast of the flow course. Smoke temperature distributions with
transverse size of 6.4m and longitudinal size of 6m, 9m, and 12m are compared. The results show that as the longitudinal size increases,
the temperature at places under 2cm and D/4 of the top in the spaces is obviously reduced, meanwhile, the temperature at the top delays
its time to reach the maximum value. The smoke temperature distributions in cylindrical spaces with longitudinal size of 12m and
transverse size of 3.2m, 6.4m and 9.2m are compared. The results show that as the transverse size increases, the temperature at places
under 2cm and D/4 of the top in the space is also obviously reduced. When the transverse size decreases to 3.2m, the oxygen concentration
is too low to sustain the fire source combustion, about 160s later, the combustion stops. The reduction of the transverse size will restrict the
combustion of the fire source, and quickly reduce the heat release rate, then reduce the fire danger.
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Fig. 2 Experiment setup of the fire scene
-\ [ , 20C, ,
\/ , 41MJ kg™, 940kg-m=,
35/17.5g-m>+s™, 0.9,
1 06, 0.3, 1.7m™,
Fig. 1 Schematics diagram of the smoke flow with space , Di4 o
confinement in transverse and longitudinal directions s
1 o
2
Smagorinsky @, 1
T Table 1 Fire scene setting
7=,u[2defu—%(v )l /m /m
1 6.4 6 1mx2m 36x30x36
' X 2 64 9 Imx2m  36x45x36
defu= - [Vu+(Vu)'|= 3 6.4 12 Imx2m  36x60x36
r 1o 1 (ou . o 4 32 12 Imx1Im 20x40x20
P 5 ( oy o ) RS ) 5 6.4 12 ImxIm  36x60x36
1 (8L+87u) W 1 aL_,_ai) 6 92 12 Imx1Im 50x40x50
2 \ox Oy dy 2 \adz  dy
slaral ol e )
X 74 X
4 - 4.1
’ 6 o 9
9 9 2 M 1% ,
,M=P(CSA)Z[Z(Gl«‘ffu)'(03‘3fu)-3*(v ‘uy] o 1=20s
5Cs ’A ° ( 3)0 5 w
(4,
Ye-(Yo-Y3 M 0, 0
7= ) F—( 0~ 0) 5= VoMo
sYi+Y§ veMy 1=6."7s , s
Vi JYi Yo . 1=226s
) °(°) ’M() MF ) )
46 2010,28(5)



] jcMiK O
i eview
(Articles) EVi¢
5 Y2 S5 iy o
) RN 4 \33’? 5
° g_’_/-m 2 3 " ~
; / of: = D %
: 1 ¥ = 0
” Il & L0 1
B 2 I 7
2 ) \g
-2 ‘;pr() 2 AL g
3 3
-4 A
-5 -5 o7
6 1 1 1 | 1 1 6 L 1 1 1 1 1
_4 ) 0 2 4 6 —4 -2 0 2 4 6
x x
3 t=20s, y=0 4 E20s, y=0 w

Fig. 3 Temperature at =20s, y=0
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Fig. 5 Smoke particles movement at =6.7s and £22.6s

Fig. 4 Velocity at £=20s, y=0
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Fig. 6 Temperature variation at 10* in tests 1~3
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