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A Numerical Analysis on the Indoor Air Ventilation by Stack Effect and
Outdoor Wind in a High-rise Residential Building
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ABSTRACT: The purpose of this study is to analyze and evaluate the 3 types of indoor
ventilation methods such as natural, mechanical, and hybrid ventilation in high-rise building which
is affected by stack effect and outdoor air pressure. For the evaluation of the ventilation capacity,
CFD simulation was performed in a typical high-rise residential building. The results of the
simulations are as follows : 1) Natural ventilation method is not enough to the regulation. 2) In
case of mechanical ventilation, congested area is occurred but meets the regulation. 3) In case of
hybrid ventilation with stack effect, all the areas of indoor meet the regulation and congested area
is reduced. 4) In case of high-rise building, the differences of ventilation rate among houses in
the building are not large because the mechanical ventilation is main factor.
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Table 1 Air ventilation conditions of unit

household

Supply Exhaust
o No. | v | M- | (cum
Living room 3 125 1 125
Kitchen 1 125 2 250
Couple bedroom 2 100 2 100
Family room 1 100 - -
Bedroom 1 100 1 100

b oA 87 A ReA 2 Bl Ba A 829

Unit No.1

Unit No.4

(a) 80th floor plan

== Supply
== Exhaust

B/C: Balcony
BTR: Bathroom
BDR: Bedroom

(b) Floor plan of an unit household
Fig. 1 Floor plan of target building.
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Table 2 Air tightness values in each parts

Air
Elements tightness
Outdoor | Robby(@75Pa) 4.1 cm/m’
Window | Residence(@75Pa) 151 cnt/m’
Residence(@10Pa) 70 cm/m’
Elevator(@10Pa) 325 cr/m’
Door Stair hall(@10Pa) 120 cm/m’
Outdoor unit room(@10Pa)| 23 cr/m’
Swing(@50Pa) 430 CMH
Revolving (@50Pa) 73 CMH
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Fig. 2 Air velocities at the respiration level
under natural ventilation.
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Fig. 3 CO2 concentration under natural
ventilation(1hr 25min later).
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Fig. 4 CO2 concentration under natural
ventilation with stack effect(lhr
25min later).
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Fig. 5 Air velocities at the respiration level

under mechanical ventilation.
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Fig. 6 CO2 concentration under mechanical

ventilation(1hr 25min later).
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Fig. 7 Air velocities at the respiration level
under hybrid ventilation.

{ppm}

w7 03
00 27
PR A
60 71
901 63

#3338
5300
el
Le
306

)
11438
i
W
[T

[1FER1]
FIET
B850
Lopd 1)
R

42039 -
by a7

Fig. 8 CO2 concentration under hybrid
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Fig. 10 COz2 concentration at the 80th floor
under westerly wind.
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Fig. 11 CO2 concentration at the 80th floor
under northeasterly wind.
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Fig. 12 CO2 concentration at the 80th floor
under south westerly wind.
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Fig. 13 COz2 concentration at the 80th floor
under northeasterly wind.
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