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ABSTRACT: On 2l1st century, global warming is the most serious environmental problem
threatening the existence of lives on the earth. One of the serious reasons of this nature
phenomena was due to the greenhouse effect by carbon dioxide mainly produced with the
combustion process of hydro-carben fuel. and it is mostly produced. In the high oil prices age,
intensification of energy efficiency promotion in the building sector is required. Windows are
dominating large percentage whole building loads, and are regarding as the primary target of
energy efficiency. The purpose of this research is on the obtaining of the renewable energy
source in the skyscrape buildings in the metropolitan area. The air movement is happens due
to the atmospheric pressure differences in the air. Due to this simple physical theory, it is
easily expected to obtain the useful renewable nature energy through the high-raised vertical
air stack installed in a tall building. However, there is one problem that should be resolved
which is called air-hole effect in the sky -scrape buildings.

Key words: Renewable energy(A A Aol AX]), Air-stack effect(QE&3}), Wind energy(Z#uA)),
Wind turbine(ZF#E14]), Wind-power generation system(Z#49l14]) Aerodynamics
(F7193}), Induced wind(H =83, Air-stack(H &)
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Fig. 1 Schematics of air-flow induced in a
high-raised vertical air stack installed
in a tall building.
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Table 1 Governing Equations

Continuity ol " aU; N alj,

. — =0
equation ozx; ay; 9z,

Momentum
equations 1oP 8

Turbulence
kinetic * %)
energy or, o,
equation

Dissipation i i
equation

Result G=—u U, U= CK

(C, =009, C,=144, C, =192,
0, =10, ¢=1.0)
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Fig. 5 A typical numerical grid of the model
air-stack(85 x 80 x 125).
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Table 2 Boundary for interpretation and Initial
condition

Inlet : pressure boundary condition with no wind
(Pin = Pam at the surface altitude)

QOutlet : pressure boundary condition with wind
an assumption of fully developed flow
field

(Pout = Pam at the altitude)

No -slip boundary conditions on the internal
surface of the model air stack

Periodic boundary conditions on the surrounded
surfaces of the numerical domain
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Fig. 6 Erection of the model air-stack on the

ground  inner diameter ; 0.3 m, height :
40 m.
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Fig. 7 Measuring of the inlet conditions of the

model stack at ground level.
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Table 3 Measuring devices for experiments

Parameter Maker/ Range
Model No. (Accuracy)
1 Atrr‘losphenc Isuzu 700 ~790 mmHg/
pressure (0.1 mmHg)
. . Sewma  0.04~30.0m/s
2 Air velocity /xia00  (0.01 m/s)
) . Lutron 0.2~20.0 m/s
3 Wind velocity /iyigong (0.1 m/s)
4 Humidit Extech 10.0~95.0%RH
Y /RH101 (0.19%RH)
30channel
-~ Temperature Yokogawa .
2 data logger /MV200 (In123t2,023)m v
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Table 4 Atmospheric condition at the inlet and
outlet of the model air-stack

Tair H Patm Vwind
() (%) (mmHg) (m/s)
Inlet 106 51.3 752 -
Outlet 88 51.9 747.8 441
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Fig. 8 Induced air velocity distribution at the
inlet and outlet of the erected vertically
model air-stack.
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Table 5 Numerical simulation results of the
model air-stack with 40 m in vertical

height

Upind AP, . (I (L
(m/s) (Pa) (m/s) (m/s)
0 -577.69 1.904 1.865
05 -573.74 1.873 1.833
1 -569.95 1.805 1.769

2 -561.85 1.656 1.629

3 -553.29 1.497 1.478

4 -54453 1.337 1.320
441" -541.79 1.27 1.260

Measuring position ; inlet : 0.2 m, outlet : 39.5m
" To compare with the experimental result
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Fig. 9 Variation of Atmospheric Pressure diffe

rence(AP,,) with the External wind

Speed( Vina).
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Fig. 10 Flow phenomena at the outlet of the
model air-stack with the side-wind
of 20m/s.

Velocity, m/s
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- 2.456301

= 2.210671
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- 1.47378L

H 1228150

= 0.982520
0.736830
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0.245630 5£2d-694, 6pa-2.0m/s-gl
1.223E-8

Fig. 11 Variation of the inlet and outlet air velocity
with the external wind speed.
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Table 6 Comparison of experimental outputs
to numerical simulation results

Experi. Numeri. Error Rate
Ve (m/s) 1.24 1.27 24%
Vownror(m/s) — 1.21 1.26 4.1%
P, (Pa) 5555 541.79 2.5%

atmospheric conditions : Tout = 8.8 C, ot = 51.9%
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