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Indoor Airflow of High—-Rise Apartment with Different Types of
Box-Windows

Tae-Hwoan Choi, Mi-Sook Jeon, Jung—Hyun Lee, Taeyeon Kim, Seung—Bok Leigh
Department of Architectural Engineering, Yonser University, Seoul, Korea

ABSTRACT: High-rise apartments have a problem using natural ventilation because of the
strong outdoor wind velocity. Conventional high-rise apartments have adopted mechanical
ventilation systems to maintain the indoor air quality. However, it leads to the overuse of
electricity and the sick house syndrome. Double—skin facade is the alternative for the
high-rise building to use natural ventilation and this study is focused on the performance of
the box—window, which is a kind of double-skin facades. Indoor wind velocity and HCHO
concentrations are analyzed with three types of box—windows: the diagonal type, parallel type
and perpendicular type. The airflow is simulated by computational fluid dynamics program.
Box-windows reduce the maximum value of indoor wind velocity about 50% compared with
the single window and the HCHO concentrations do not have the big difference.
Box-windows could be the alternative to enhance the use of the natural ventilation and

indoor air quality of the high-rise apartment.
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{1-1 Square typel

=]1-1-1:square
»1-1-2:polygonal-square

[1-2 Rectangular type]

=1-2~1:rectangle with wide
width
»]-2-2rectangle with narrow
width
»]1-2-3:polygonal-rectangle
with wide width
»]1-2-4:polygonal-rectangle
with narrow width

[1-3 Unique typel
*1~3~1'mass—conjunction
=1-3-2:L-shape
21-3-3:V-shape
»]1-3-4:fan-shape
=1-3-5:mass—disjunction

»2~-1:hallway

*2-4:room
_ BAY

=3-1:2bay
«3~2:2.5bay
»3-3:3bay
=3-4:3.5bay
=3-5:4bay
*3-6:4.5bay

=4-3:middle

living room

»4-1'outer—-middle > ]
=4-2:corne——middle :{]

*2-2:hallway+ room{=l side
»2-3:room+ hallway D

»2 sides—(1i)

A

=2 sides~(ii)

=3 sides

Fig. 1 Frequency of design factors
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Fig. 2 Plan of the prototype apartment
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Table 2 Simulation case

Fig. 3 simulation area and measurement point

¥ velocity at 10m height May)
U ave: 2.6m/s v max: 10.3m/s

—69F: heioht of the highest highrise APT

| uAve 5Tm/s u max: 226m/S 264m
43F: average height of high-rise APT
LU aver4.5m/s v max: 19.0m/6s 129m
[}

" -30F least height of high-ise APT
U -ave: 4.4m/s v -max: 17.5m/s

Fig. 4 Wind velocity according to the heights
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indoor wind velocity(m/s)

0 . .
05 1 15 25 35 45
distance from outer skin{m)

—O0—single —0O~—diagonal —A—paralle] ~>— perpendicular

Fig. b Indoor air velocity—-Case 1

indoor wind velocity(m/s)

05 1 15 25 35 45
‘distance from outer skin{m)

—0—single —O— diagonal —&— parallel ——perpendicular

Fig. 6 Indoor air velocity—Case 2
Table 3 Rate of reduction-Case 1, Case 2

1|Rage of reduction’|Case2|

Casel

Rate “of reduction

1-1 44.8% 2-1 53.7%
1-2 85.5% 2-2 87.0%
1-3 68.8% 2-3 73.3%
1-4 70.8% 2-4 75.1%

#Rate of reduction=(Vuudoor—Vindoor)* 100/0gutdoor (%)
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window type
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Fig. 7 HCHO concentration-Case 2
Table 4 HCHO concentration(mg/w’ - h) and
ventilation rate(m'/h)~Case 2
Case2| area 1) area 2| area 3|area 4 ven};ltztlon
2-110.18110.25110.10710.121 | 282.2
2-3 o 2-4 2-210.13410.13210.20710.193}| 273.1
. . 2-310.0670.07010.104|0.101 | 530.2
Fig. 9 Indoor airflow-Case 2 9=4 1011010107 |0.128 [ 0.130 | 383.2
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