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Study on Measurement Method of Air Egress Velocity
in Vestibule of Smoke Control System
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ABSTRACT

This study of the vestibule of pressurizing smoke control system installed in domestic high-rise
buildings for evacuation in case of fire, when the door is open to forming characteristics of the air
flow was analyzed using fire dynamics simulator and analyzed of variance. Vestibule which is com-
partment of the design condition, air flow in the exhaust damper was formed severe turbulence con-
firming preceding research. The door position is in the range of formed vortex, unsteady flow of air
occurs at the point that the door could be confirmed. According to the NFSC 501A, door to symmet-
rically separate the average of 10 points or more as measured from the average of wind speed to do
is based. Under these conditions, it is difficult to measure the characteristics of the upper air flow of
upper points. so measuring points are subdivided by more than 64 points method presented in TAB

because severe deviation of wind speed.

Key words : Air egress velocity, Vestibule, Analysis of variance, Fire dynamics simulator
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Figure 1. Vestibule with smoke control system,
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Figure 2. Measurement of air velocity distribution by
constant area method.
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Figure 3. Comparison graph of experimental (A) and FDS
(a) at “A” point.
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Figure 4. Comparison graph of experimental (B) and FDS
(b) at “B” point.

Table 1. Summary of CFD Modeling
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Figure 5. Modeling of Vestibule.

Mesh Cell Size (m) Device Quantity Device Amount (EA) | Damper Size (m) | Air Flow (m’%s)
One Mesh | 0.5x0.5x0.5 | Velocity (Ju’ +v> +w’) 64 04%06 126
. . Simulation
Area Mesh Size (m) Cell Amount (EA) Velocity (mvs) N Frame Time (sec)
312 52x%3.1%x24 309,504 5.25 60 30
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Table 2. Analysis of Variance (Width, Height) about Measuring 64 Points

TAB 4% @43 &

Figure 6. Measuring points of air egress velocity.

l point | 2 point | 3 point | 4 point | 5 point | 6 point | 7 point | 8 point Total
A point
Num. 61 61 61 61 61 61 61 61 488
Sum 24.21 28.99 25.44 26.05 23.97 19.92 20.4 25.7 194.68
Average 0.39689 | 0.47525 | 0.41705 | 0.42705 | 0.39295 | 0.32656 | 0.33443 | 0.42131 | 0.39893
Variance 0.02324 | 0.04410 | 0.05176 | 0.05006 | 0.02661 | 0.02409 | 0.01651 | 0.03331 | 0.03534
l point | 2 point | 3 point | 4 point [ 5 point | 6 point | 7 point | 8 point Total
B Point
Num. 61 61 61 61 61 61 61 61 488
Sum 23.32 25.76 21.03 25.96 25.64 20.02 19.83 19.71 181.27
Average 0.38230 | 0.42230 | 0.34475 | 042557 | 0.42033 | 0.32820 | 0.32508 | 0.32311 | 0.37145
Variance 0.01771 | 0.03787 | 0.04115 | 0.05711 | 0.04073 | 0.02526 | 0.02954 | 0.01865 | 0.03491
I point | 2 point | 3 point | 4 point | 5 point | 6 point | 7 point | 8 point Total
C Point
Num. 61 61 61 61 61 61 61 61 488
Sum 2242 23.95 19.98 26.84 27.38 24.11 23.14 20.66 188.48
Average 0.36754 | 039262 | 032754 | 0.44000 | 0.44885 | 0.39525 | 0.37934 | 0.33869 | 0.38623
Variance 0.01620 | 0.04584 | 0.03954 | 0.05421 | 0.04855 | 0.04166 | 0.03978 | 0.02001 | 0.03931
1 point | 2 point | 3 point | 4 point | 5 point | 6 point | 7 point | 8 point Total
D Point
Num. 61 61 61 61 61 61 61 61 488
Sum 22.3 24.27 2225 28.23 28.71 28.17 27.88 22.47 204.28
Average 0.36557 | 0.39787 | 0.36475 | 0.46279 | 047066 | 0.46180 | 0.45705 | 0.36836 | 0.41861
Variance 0.02101 | 0.05008 | 0.04007 | 0.05138 | 0.05001 | 0.04744 | 0.04685 | 0.02034 | 0.04240
I point | 2 point | 3 point | 4 point [ 5 point | 6 point | 7 point | 8 point Total
E Point
Num. 61 61 61 61 61 61 61 61 488
Sum 21.76 2241 25.62 27.3 28.55 28.06 32.68 30.71 217.09
Average 035672 | 0.36738 | 0.42000 | 0.44754 | 0.46803 | 0.46000 | 0.53574 | 0.50344 | 0.44486
Variance 0.01924 | 0.03522 | 0.03561 | 0.03790 | 0.03299 | 0.03765 | 0.05351 | 0.04985 | 0.04057
U LY GE] =ER A25d 3L, 20119
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Table 2. Continued
1 point point | 3 point | 4 point point | 6 point | 7 point | 8 point Total
F point
Num. 61 61 61 61 61 61 61 61 488
Sum 20.95 22.76 25.54 26.5 26.48 2543 31.34 36.53 21553
Average 0.34344 | 037311 | 041869 | 043443 | 043410 | 041689 | 051377 | 0.59885 | 0.44166
variance 0.01261 | 0.03088 | 0.02959 | 0.02743 | 002579 | 0.02525 | 0.05168 | 0.08339 | 0.04101
I point | 2 point | 3 point | 4 point | 5 point | 6 point | 7 point | 8 point Total
G point
Num. 61 61 61 61 61 61 61 61 488
Sum 19.21 20.67 23.09 22.72 20.53 19.04 22.54 34.43 182.23
Average 0.31492 | 0.33885 | 0.37852 | 0.37246 | 033656 | 0.31213 | 036951 | 0.56443 | 0.37342
variance 0.01880 | 0.02596 | 0.02258 | 0.01489 | 0.01896 | 0.01111 | 0.02681 | 0.05568 | 0.02979
1 point | 2 point | 3 point | 4 point | 5 point | 6 point | 7 point | 8 point Total
H point
Num. 61 61 61 61 61 61 61 61 488
Sum 15.21 16.02 14.67 13.89 12.75 12.17 13.06 19.21 116.98
Average 0.24934 | 026262 | 0.24049 | 022770 | 020902 | 0.19951 | 021410 | 0.31492 | 0.23971
variance 0.03111 | 0.02887 | 0.01173 | 0.00944 | 0.00815 | 0.00984 | 0.01304 | 0.02465 | 0.01807
Total
Num. 488 488 488 488 488 488 488 488
Sum 169.38 184.83 177.62 197.49 194.01 176.92 190.87 20942
Average 0.34709 0.37875 0.363975 | 0.404693 | 0.397561 | 0.362541 | 0391127 | 0.429139
variance 0.021603 | 0.040197 | 0.036785 | 0.042347 | 0.037796 | 0.034272 | 0.044215 | 0.048815
A Y
H|Ee] a9l A A= A Bt F ¥ P-4k F 7174
o1zt AE) 14.41588 7 2.059412 63.03808 3.33E-86 2.011965
A B(Y) 2.415986 7 0.345141 10.56468 3.18E-13 2.011965
A 2 9.169912 49 0.187141 5.728342 9.04E-33 1.357255
2z} 125.4502 3840 0.032669
Total 151.452 3903
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