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The Influence of Natural Smoke Ventilators and Wind Velocities on

the Stack effect in High-rise Buildings
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ABSTRACT

The performance of natural smoke ventilators in High-rise buildings was analyzed by investigating
the stack effect depending on the wind velocities using CONTAMW tool. The results showed that the
opening of smoke ventilators can influence on the stack effect in the building thus moving the posi-
tion of the neutral plane toward the opened smoke ventilators. The outside wind velocities can move
up the neutral plane toward the top of the building thus increasing pressure differentials at the bottom
of the building. The smoke ventilators can maintain its normal performance without outside wind,
however, strong outside wind can prevent natural smoke exhaust due to the infiltration of outside air

at the ventilators.
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Figure 1. Pressure differences during normal stack effect.
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Figure 2. Configuration of the building space.
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Figure 3. Schematic diagram of multi-zone model.
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Table 2. Air leakage data for walls

Construction Wall Leakage area ratio
element tightness (ALw/Awan)
Tight 0.7x10*
Exvter. tor Average 0.21x107
building 3
walls Loose 0.42x10
Very loose 0.13x1072
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Table 3. Terrain coefficient and exponent
Class I (None) IT (Light) Il (Moderate) IV (Heavy) V (Very Heavy)
A 1.30 1.00 0.85 0.67 0.47
B 0.10 0.15 0.20 0.25 0.35
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Figure 5. Stack effect in the elevator shaft depending on
various wind velocities with closed smoke ventilators at
wall tight.
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Figure 6. Stack effect in the elevator shaft depending on
various fire room temperatures and wind velocities at open
smoke ventilators on the 3rd story.
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Figure 7. Stack effect in the elevator shaft depending on
various fire room temperatures and wind velocities at open
smoke ventilators on the 47th story.
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Figure 8. Pressure distribution depending on fire room
temperature 400°C and wind velocity 7m/s at open smoke
ventilators on the 3rd story.

AR, A LEHEF AEaTe] vXe I
A, sAlAUe] xRSk shAFeA e 7]
EEdE G| UYL}, AER ) vX= Jg

wngk o2 vEeRstth

Figure 82 3}x14 &= 400°C, £171%F% 7 m/sollA]
= Ao JdE A4S dEEE ¢ V|FEES U
Bl 2dolth. o7|A, FRARZER] dewo|EjARE
E9o] ¢fgo] -79.3 Pagl] Hla] At ¢kE2 204
Pai Aoz w2 olfE dYHIOHAIZE:E &
SR A I AL ShA) A
L}agoﬂ o) AF P-4 2 AGAED 1 A
AEo] kg x7ow Ruld Fong Ao

AU NSl A 2 Zo= & ol dE A
o2 Fd) o7 AdolAe] ZlFHuEke] dAs
Tl o3| st R et olffe ATAEE
4= 71F7 7Ht‘o-‘ﬂ 1= AGEE %3;4 i%ol
‘3&/\45].“_:_ Ao ‘_ =)
g Asgyo] o3k Flgure 103} Q‘ol A¥H =5
7Hg Hola gith

olg13 A @Il s Aol FANE 9%l
FA o] T o)dFe AU oldEolA fU=E
A7I7F G4kE SE7F dom, HAASd F4E A
482 1315 Pa® Fvh AW Ao o 97 A
= Aoz FkE)

29 i FAEARE

ﬂlﬂl

7= HHO—‘]Z]—O] 7HHC}-§,]_
A GEHEE 9 VREES UrE}‘ﬂl ot} of7]
«] M E

A, FAARZEQ] AW o]EARZES] 9t o] 38 Pacl
32, A

Sk Ak FUIF el 7%711 % %gi
A ol5E Aoz waE. o] A T SH
ol A= A FA 77t FdEE Aoz y



CRi T = 7 CR| T
10.6Pa
P S
R
—
-14.7Pa |® -14.8Pa -14.7Pa
=
38.0Ha
’ X
R
R
—

-21.5Pa |m

Figure 9. Pressure distribution depending on fire room
temperature 400°C and wind velocity 7 m/s at open smoke
ventilators on the 47th story.
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room temperature 400°C and wind velocity 7 m/s.
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Figure 12. Ventilation velocities depending on various fire
room temperatures and wind velocities at open smoke
ventilators on the 47th story.
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Figure 13. Air flow depending on various fire room
temperatures and wind velocities at open smoke ventilators
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