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Experimental Study on Features of Air Egress Velocity
in Vestibule Pressurization System
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ABSTRACT

In this study, we confirmed the fact that air egress velocity of pressure differential system which is
installed in vestibule of smokeproof stairway in domestic high-rise building becomes back-flow into
the vestibule not into the livingroom when the doors open to escape in case of fire by actual mea-
surement. It concerned that fire smoke inflow into the vestibule of smokeproof stairway. so, reflux
symptoms were developing the condition does not occur by creating an area of 2 m”> and a model. if
it’s area is less, airflow in upper area was severely reflux. in the case upward 45 gradient of supply
damper’s angle of blade, The results that reflux symptoms include upper door but bottom has some
reflux. also vestibule of smokeproof stairway’s area of 4 m” in the living room door in the direction
of the flow distributon was normal. if a vestibule of smokeproof stairway is smaller, it designed to
be performance-based design should be.

Key words : Air egress velocity, Pressure differential system, Vestibule of smokeproof stairway, Backflow,
Performance-based design
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Figure 1. Pressurization to vestibule.
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Table 1. Results on Measuring Air Egress Velocity (m/s)
1 2 4 5 6 7 8
A -0.33 —-0.40 -0.35 -0.37 -0.35 —-0.38 -0.37 -0.37
B -0.22 -0.27 —-0.20 -0.24 -0.27 —-0.26 —-0.18 -0.20
C 0.51 0.57 0.53 0.42 0.40 0.40 0.50 0.40
D 1.02 1.30 0.50 0.67 0.65 0.70 0.56 0.49
E 0.95 1.50 0.60 0.80 0.85 0.90 0.66 0.56
F 1.00 0.90 0.80 0.90 1.50 1.40 0.70 0.60
G 1.10 0.80 0.90 1.60 1.70 1.60 1.75 0.80
H 1.50 1.10 1.00 1.20 1.10 1.10 1.90 1.00 Total | Average
Sum 5.53 5.50 3.78 498 5.58 5.46 5.52 3.28 39.63 0.61
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Figure 3. Backflow test by the smoke tester.

Table 2. Conditions of Analysis Located Damper

CASE DISCHARGE ANGLE OF
DIRECTION BLADE

Case 1 Straight 0°

Bottom Case 2 Downward 45°
Case 3 Upward 45°

Case 4 Straight 0°

Up Case 5 Downward 45°
Case 6 Upward 45°

Case 7 Straight 0°

Opposite | Case 8 Downward 45°
Case 9 Upward 45°
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Figure 4. Measuring of air egress velocity.

Table 3. Scale of Vestibule (mm)

X Y Z
1 1200 1700 2400
I 1200 3330 2400
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Figure 5. Schematic of the vestibule.
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Figure 6. Summary on schematic diagram of air egress velocity equipment.
Table 4. 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 Total Average

Sum 13.36 6.53 5.25 3.37 3.34 3.90 3.28 2.40 41.43 0.65
Table 5. Results of Case 2 on Measured 45 Gradient, Downward Velocity (m/s)
1 2 3 4 5 6 7 8

A 2.05 2.11 1.04 0.85 0.65 0.71 0.69 0.65

B 1.39 0.89 0.62 -0.67 -0.72 -1.12 -1.05 —-0.80

C 1.49 0.74 0.60 -0.73 —0.84 —-1.08 -0.98 -0.92

D 1.40 0.67 0.39 —-0.63 -0.75 -0.93 -0.93 -0.78

E 2.74 1.14 0.50 —-0.52 —0.64 -0.78 —0.55 —0.52

F 417 1.41 0.60 0.54 -0.46 -0.49 —0.52 -0.71

G 4.54 1.79 1.31 0.76 0.58 0.60 0.70 0.69

H 5.16 3.09 2.65 1.65 1.32 1.91 1.35 0.69 Total | Average

Sum 22.94 11.84 7.71 1.25 —-0.86 -1.18 -1.29 -1.70 38.71 0.60
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Table 6. Results of Case 3 on Measured 45 Gradient, Upward Velocity (m/s)
1 2 3 4 5 6 7 8
A 3.16 3.03 1.85 1.64 -1.36 —-0.98 -0.74 -0.62
B 2.08 1.28 0.88 0.67 -0.92 -0.93 -1.00 -0.85
C 1.48 1.29 0.84 0.67 —-0.78 —0.84 —0.84 -1.30
D 1.29 1.48 0.87 0.67 0.70 —-0.82 —-0.74 —-0.79
E 1.49 1.20 0.99 0.70 0.71 0.75 0.79 0.76
F 1.07 1.22 1.10 0.99 0.78 0.97 0.85 0.88
G 1.53 1.32 1.27 1.08 0.97 1.07 1.26 0.83
H 1.71 1.28 1.58 1.88 1.50 1.81 2.28 0.74 Total | Average
Sum 13.81 12.10 9.38 8.30 1.60 1.03 1.86 —-0.35 47.73 0.75
Table 7. Results of Case 4 on Measured 0 Gradient, Straight Velocity (m/s)
1 2 3 4 5 6 7 8
A 2.75 1.05 0.50 —0.44 —-0.38 —0.48 —0.60 —-0.83
B 223 0.87 0.37 —-0.50 —-0.53 -0.59 —-0.67 —-0.71
C 2.71 0.94 0.34 -0.36 —-0.45 —-0.58 -0.53 -0.51
D 2.26 1.17 0.37 0.34 0.55 0.41 0.67 0.31
E 2.04 1.02 0.62 0.90 0.88 1.15 1.11 0.28
F 1.56 1.03 0.98 0.92 1.04 1.05 1.18 0.42
G 1.13 1.14 1.26 1.19 1.26 1.26 1.48 0.67
H 1.64 1.69 1.49 1.18 1.34 1.45 1.53 0.71 Total | Average
Sum 16.38 8.91 5.93 3.23 3.71 3.67 4.17 0.34 46.34 0.72
Table 8. Results of Case 5 on Measured 45 Gradient, Downward Velocity (m/s)
1 2 3 4 5 6 7 8
A 0.99 0.94 1.04 1.38 1.27 1.33 1.07 0.95
B 0.81 0.60 0.70 1.14 1.04 0.91 0.92 0.87
C 0.72 0.75 0.88 1.09 0.82 0.77 0.83 0.73
D 2.10 0.97 1.36 1.38 1.00 —-0.83 —-0.80 —0.66
E 2.74 2.07 1.48 0.91 0.68 -0.73 -0.80 —-0.83
F 3.02 1.31 1.11 0.71 0.58 —-0.79 -0.99 -0.92
G 3.59 1.29 0.62 0.60 0.58 0.91 0.87 0.96
H 4.89 3.56 3.40 2.82 2.09 1.63 1.64 2.40 Total | Average
Sum 18.86 11.49 10.59 10.03 8.06 3.20 2.74 3.50 68.47 1.06
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Table 9. Results of Case 6 on Measured 45 Gradient, Upward Velocity (m/s)

1 2 3 4 5 6 7 8
A 4.29 236 2.01 2.07 2.10 2.63 2.71 1.64
B 3.17 1.20 0.88 0.98 1.05 1.33 0.96 0.81
C 4.20 0.76 0.52 0.81 0.94 1.09 0.88 0.57
D 3.29 0.75 —-0.65 -0.53 -0.52 0.94 1.10 0.64
E 3.78 0.85 —0.88 —0.69 —0.67 0.57 1.02 0.89
F 3.20 0.83 1.10 -1.12 —0.96 —-0.63 0.92 1.05
G 3.15 1.18 1.08 0.96 0.94 0.63 0.69 2.51
H 4.06 3.55 1.11 1.27 1.49 1.71 2.40 432 Total Average
Sum 29.14 11.48 5.17 3.75 437 8.27 10.68 12.43 85.29 1.33

Table 10. Results of Case 7 on Measured 0 Gradient, Straight Velocity (m/s)

1 2 3 4 5 6 7 8
A -0.88 -0.91 -0.86 -1.04 -0.86 -0.77 -0.79 -0.51
B -0.92 -0.92 -0.86 -0.83 -0.67 -0.60 -0.67 -0.74
C -0.84 -0.52 -0.49 -0.61 -0.52 -0.46 -0.48 -0.54
D —-0.55 0.72 1.61 2.15 2.13 1.90 1.53 1.13
E 0.86 1.54 2.63 3.78 5.31 5.00 4.18 241
F 0.64 0.94 2.06 4.18 4.94 4.85 3.68 2.41
G 0.83 0.58 1.14 1.68 1.76 1.98 1.73 1.79
H 0.85 0.62 0.42 0.62 0.55 0.42 0.68 0.60 Total Average
Sum -0.01 2.05 5.65 9.93 12.64 12.32 9.86 6.55 58.99 0.92

Table 11. Results of Case 8 on Measured 45 Gradient, Downward Velocity (m/s)

1 2 3 4 5 6 7 8
A -0.63 -0.51 -0.80 -0.71 —-0.68 -0.75 -0.66 -0.86
B -0.44 -0.31 —-0.46 -0.47 —-0.45 -0.51 -0.45 -0.65
C —0.42 -0.39 —0.34 —0.35 -0.41 -0.42 —0.44 —0.56
D 0.90 0.47 0.36 -0.39 -0.44 -0.41 —-0.42 -0.55
E 1.45 0.67 0.50 0.52 0.51 -0.66 -0.62 —-0.58
F 2.71 1.40 0.63 0.67 0.81 1.09 1.11 0.73
G 5.72 1.49 0.50 0.54 0.77 1.30 2.19 1.52
H 7.39 3.68 3.34 4.99 4.29 4.30 5.28 4.16 Total Average
Sum 16.68 6.50 3.73 4.80 4.40 3.94 5.99 3.21 49.25 0.77
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Table 12. Results of Case 9 on Measured 45 Gradient, Upward Velocity (m/s)
A B C D E F G H
1 2.71 3.29 4.11 4.16 4.76 4.80 4.98 423
2 1.33 1.32 1.04 1.42 1.50 1.58 1.46 1.34
3 0.90 0.85 0.78 1.06 1.42 1.21 1.16 0.93
4 0.89 0.79 0.81 0.93 1.08 0.93 0.90 0.98
5 0.58 0.60 0.74 0.63 0.72 0.89 0.89 -0.75
6 0.55 0.50 0.49 0.53 0.76 0.68 0.75 —0.64
7 0.44 0.38 0.44 0.39 0.44 0.49 0.57 -0.51
8 0.38 0.40 0.36 0.47 0.46 0.57 0.56 0.52 Total | Average
Sum 7.78 8.13 8.77 9.59 11.14 11.15 11.27 6.10 73.93 1.15
Table 13. Results on Measured 4 m”> Air Egress Velocity (m/s)
1 2 3 4 5 6 7 8
A 1.29 1.22 0.92 0.87 0.62 0.81 0.73 0.45
B 1.18 0.72 0.53 0.40 0.38 0.27 0.31 0.35
C 1.14 0.76 0.51 0.33 0.38 0.38 0.44 0.28
D 1.12 0.80 0.75 0.69 0.60 0.90 0.70 0.30
E 1.15 0.90 0.71 0.82 0.69 1.18 1.11 0.41
F 0.52 0.69 0.41 0.63 0.40 0.64 0.70 0.69
G 0.75 0.54 0.41 0.47 0.39 0.50 0.70 1.75
H 1.15 1.40 0.86 1.07 0.91 1.17 1.44 1.54 Total | Average
Sum 8.30 7.03 5.10 5.28 4.37 5.85 6.13 5.77 47.83 0.75
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