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Characteristics of Air Egress Velocity in Vestibule Pressurization

System Using the Fire Dynamics Simulator
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ABSTRACT

In this study, we confirmed the fact that air egress velocity of pressure differential system installed
at vestibule of smokeproof stairway in domestic high-rise building becomes back-flow to stair-lobby
at upper vestibule. Rather it do not back-flow to the livingroom. when fire occur and the door opens
to escape from fire zone. so we carry out actual and computational fluid dynamics measurement. In
the case upward 45 gradient of supply damper’s blade, The simulation results that air flow of upper
vestible is steady but back-flow phenomenon occurred at the bottom. However, in the case of 4 m?,
direction of the flow was ideal to living room. If a vestibule’s area is smaller, it must be designed
and built according to performance-based design.

Key words : Air egress velocity, Smokeproof stairway, Fire dynamics simulator, Back-flow, Performance-
based design
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Figure 1. Pressurization to vestibule. Figure 2. Smoke backflow through open door.
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Table 1. Results of Case 1 on Measured 0 Gradient, Straight Velocity (m/s)
1 2 3 4 5 6 7 8

A 1.27 0.65 0.57 —-0.54 —-0.52 -0.35 —-0.45 -0.51

B 1.18 0.50 0.36 -0.40 -0.49 —-0.58 -0.78 —-0.43

C 1.24 0.53 0.38 0.55 0.50 0.75 0.80 0.44

D 1.59 0.67 0.59 0.60 0.76 0.95 0.91 0.45

E 1.80 0.80 0.72 0.66 0.70 0.99 0.87 0.39

F 1.79 0.76 0.59 0.57 0.52 0.63 0.45 0.31

G 1.99 0.84 0.62 0.52 0.51 0.42 0.43 0.43

H 2.50 1.78 1.42 1.41 1.36 1.09 1.05 1.32
# P\ES) A% g o] TR R BURY SRAYS 3542 TNT A,
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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.
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Figure 5. Structure of the modeling space.

Table 3. Conditions of Analysis

Case Discharge Direction Angle of Blade
Casel Straight 0°
Case2 Upward 15°
Case3 Upward 30°
Case4 Upward 45°
Case5 Downward 15°
Case6 Downward 30°
Case7 Downward 45°

1234567 €

>

7

Figure 6. Measuring points of air egress velocity.
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Table 4. Results on Measured 0 Gradient Air Egress Velocity (m/s)

1 2 3 4 5 6 7 8
A -1.34 -1.13 -1.16 -1.29 -1.56 -1.63 -1.49 -0.92
B -1.05 -0.70 -0.73 —-0.81 -1.04 -1.28 -1.42 -1.04
C 1.36 1.34 1.11 0.99 0.96 1.19 1.45 1.37
D 1.31 2.14 242 241 2.17 1.96 1.74 1.46
E 0.99 1.37 1.45 1.40 1.39 1.49 1.56 1.17
F 0.96 0.93 0.92 1.09 1.56 1.87 1.89 1.22
G 0.88 1.00 1.20 1.42 1.73 2.00 2.00 1.12
H 1.55 1.75 1.82 1.80 1.71 1.75 1.81 1.19

Table 5. Results on Measured 45 Gradient, Upward Air Egress Velocity (m/s)

1 2 3 4 5 6 7 8
A 0.92 0.97 1.05 1.37 2.18 2.83 3.53 2.53
B 1.21 1.47 1.65 1.82 1.83 1.82 1.50 0.73
C 1.25 1.19 1.11 1.11 1.10 1.05 0.86 0.48
D 0.89 0.75 0.77 0.83 0.89 0.89 0.81 0.53
E 0.88 0.85 0.79 0.74 0.79 0.83 0.82 0.57
F 0.89 0.86 0.81 0.73 0.70 0.72 0.79 0.65
G 0.79 0.87 -0.82 -0.72 -0.61 0.61 0.62 0.69
H 0.63 -0.73 —0.69 —0.67 -0.59 0.56 0.58 0.69

Table 6. Results on Measured 30 Gradient, Upward Air Egress Velocity (m/s)

1 2 3 4 5 6 7 8
A 2.10 2.54 2.85 2.90 2.48 2.17 1.78 0.88
B 1.08 -0.88 -0.86 -0.97 -1.08 1.10 0.96 0.51
C 0.95 -0.59 -0.70 —-0.84 -0.96 -0.92 0.74 0.40
D 1.16 -0.87 -0.72 —-0.88 -1.01 -0.97 0.74 0.36
E 1.29 1.02 0.91 0.93 0.98 1.00 0.91 0.50
F 1.48 1.56 1.29 1.05 1.04 1.03 1.04 0.78
G 1.39 1.81 1.72 1.50 1.17 1.08 1.02 1.03
H 1.24 1.42 1.40 1.31 1.11 1.02 1.01 1.06

SF B A 2 )5 =i K], A24H A6 s, 2010
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Table 7. Results on Measured 15 Gradient, Upward Air Egress Velocity (m/s)

1 2 3 4 5 6 7 8
A 2.15 1.88 1.61 1.47 -1.41 -1.28 1.07 0.64
B 1.17 1.06 1.20 1.40 1.66 1.65 1.28 0.65
C 1.09 0.86 1.13 1.32 1.59 1.76 1.79 1.06
D 1.09 -0.91 —-1.04 -1.23 1.47 1.50 1.28 0.65
E 1.13 -0.94 0.99 1.09 1.29 1.37 1.25 0.63
F 1.27 1.37 1.27 1.20 1.22 1.28 1.31 0.91
G 1.25 1.55 1.60 1.55 1.49 1.36 1.32 1.32
H 1.15 1.24 1.25 1.23 1.23 1.16 1.23 1.35

Table 8. Results on Measured 45 Gradient, Downward Air Egress Velocity (m/s)

1 2 3 4 5 6 7 8
A 1.08 -0.85 -0.80 -0.75 -0.68 -0.70 0.68 0.58
B 0.90 0.66 0.57 0.56 0.65 0.73 0.70 0.50
C 0.71 0.70 0.73 0.82 0.85 0.84 0.70 0.46
D 0.82 1.00 1.14 1.27 1.32 1.23 0.95 0.47
E 0.77 0.92 1.12 1.33 1.61 1.60 1.33 0.65
F 0.71 0.76 0.86 1.08 1.63 1.91 1.73 0.89
G 0.75 0.59 0.57 0.63 1.26 2.03 2.30 1.19
H 0.67 0.54 0.54 0.55 0.69 1.01 2.12 3.42

Table 9. Results on Measured 30 Gradient, Downward Air Egress Velocity (m/s)

1 2 3 4 5 6 7 8

A 0.95 1.16 1.14 1.05 0.77 ~0.70 0.74 0.91

B 1.04 1.42 1.40 1.20 0.93 0.85 0.91 0.72

C 121 1.55 143 1.08 0.90 0.93 0.90 0.55

D 128 132 1.03 -0.83 -0.92 0.88 0.73 0.40

E 1.08 1.02 -0.88 0.84 0.88 0.83 0.63 0.31

F -0.81 -0.76 -0.79 0.91 0.96 0.87 0.65 0.30

G -0.85 -1.07 1.25 1.41 157 156 129 0.62

H 0.79 0.64 0.84 1.23 2.06 281 3.01 1.58
&S] flske] 643 SR ] Ao WAFT  of vE 2ol F 7 Case®] 54& AU Al
&0 7| FEEE 05% A= F 603 ZHE F3 (1) F71H57F 0511 B A A5} frAkshA Al
o] Bt FESAOH, VectorTE F8oted 2t gelo]AoINE Figure 73 ko] FUE FHE VIR
Az el WAZEH] WFE WO wMste]  7F FEAR ARHE A& & 7 AT
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Table 10. Results on Measured 15 Gradient, Downward Air Egress Velocity (m/s)

1 2 3 4 5 6 7 8
A 1.10 -1.07 -1.02 -0.96 0.87 0.89 0.91 0.98
B 1.23 1.72 1.73 1.60 1.30 1.15 1.07 0.87
C 1.00 1.34 1.44 1.30 1.09 1.12 1.06 0.64
D 0.92 1.23 1.34 1.23 1.07 1.08 0.90 0.43
E 0.90 1.08 1.09 1.07 -1.19 -1.25 -1.04 0.52
F -0.88 0.87 0.89 -1.07 1.29 1.44 1.54 1.23
G 0.84 -0.83 -0.94 1.09 1.46 1.78 2.02 1.33
H 1.41 1.84 2.19 2.44 2.38 220 1.85 0.95

Figure 7. Smoke view of features of air egress velocity (0
gradient, slice Y =0.8 m).

Figure 8. Smoke view of features of air egress velocity (45
gradient, upward, slice Y =0.8 m).
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Figure 9. Smoke view of features of air egress velocity
(area of vestibule: 4 m?).
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