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Abstract The air flows in building caused by thermal buoyancy, known as the stack effect, have a pronounced influence
on both the indoor environment (thermal environment, noise, draught and contaminant diffusion) and energy needs in high-rise
buildings. Prior studies for airflow in high-rise buildings were focused on the degree of stack effect and countermeasures.
The wind pressure was neglected during the calculation of the indoor airflow in high-rise buildings to clarify the effect
of thermal buoyancy in previous studies. However, wind is an important driving force of indoor airflows in buildings with
the stack effect. In this study, the effect of wind pressure on indoor airflow in high-rise building when the stack effect
is dominant in winter was analyzed. In this paper, methods that involved considering the wind pressure in airflow network

simulation were analyzed.
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P, : Pressure difference by stack effect [Pa]
P - Pressure at Zone j [Pa]

P, : Pressure at Zone i [Pa]

g > acceleration due to gravity [9.8 m/sz]

P, : Pressure difference by wind [Pa]

Hypp : height at neutral pressure [m]

G, - local wind pressure coefficient for building
surface

P, > wind velocity pressure at roof level [Pa]

Uy - approach wind speed at upwind wall height [H]

Pa : ambient (outdoor) air density [kg/ms]

AP : Pressure difference [Pa]

P : Static Pressure at point 1 [Pa]

P, : Static Pressure at point 2 [Pa]

" : Flow rates at point 1 [m/s]

V, : Flow rates at point 2 [m/s]

21 : Height of point 1 [m]

2y : Height of point 2 [m]
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Fig. 1 Surface-averaged wall pressure coefficients.
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Fig. 2 Analyzed simple model.

Table 1 Analyzed building information

Index Contents
Building Type Square
Core Center Core
Size 30 stories(90 m)
Outdoor Temp. -10C
Indoor Temp. 24T
City Type Urban

Table 2 Analysis cases

Indoor Sheltering
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CASE CFD

. . CALCULATED CONTAMW (0]
3-2  Simulation

3o Fig. 49} 7+o] Wind Rose AnalysisZ =3l <F 40%
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Table 3 Boundary conditions for CFD

Index Contents

Turbulence model Standard k- € model

State Steady State

Pressure SIMPLE

Wind Direction NW

Inlet Wind Profile Ur :5 m/s

° Size : 268x402x270(Single)
536x804x276(Shielding)
° Inlet : Pressure Inlet
Domain Setting o Outlet : Flow-Split Outlet
> Bottom : Non-slip(Rough)
o Top : Free slip
o Side : Symmetry Plane

Mesh Type Trimmer, Prism Layer

Discretization Second-order upwind scheme

Fig. 5 Mesh of single building.

Fig. 6 Mesh system(CASE 3-2).

CASE 3-17} CASE 3-2¢| tjst CFD AlE# ol A3
Fig. 7, Fig. 8%} %t} z+7} Single Building¥} 19 A%
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Table 4 ¢, Results for Case 3-1 and Case 3-2
G
45° 135° 225° 315°

CASE CASE CASE CASE CASE CASE CASE CASE

31 32 31 32 31 32 31 32
30 -082 002 011 033 005 033 -1.01 0.02
29 -081 003 044 028 038 028 -097 0.03
28 -083 003 053 023 050 024 -097 0.03
27 -085 004 059 020 055 020 -097 0.04
26 -085 004 064 018 060 0.18 -0.96 0.04
25 -08 004 066 017 062 0.17 -095 0.04
24 -084 004 069 016 065 0.16 -0.92 0.04
. 23 -082 004 071 015 067 015 -0.89 0.04
Fig. 7 CFD result(CASE 3-1). 22 -078 004 072 014 068 015 -0.86 0.04
21 -076 004 074 014 070 014 -0.83 0.04
20 -0.73 004 076 013 071 0.14 -0.79 0.04
19 -071 0.04 077 013 072 013 -0.7 0.04
18 -068 004 078 013 073 013 -0.76 0.04
17 -065 0.04 079 012 0.74 012 -0.72 0.04
16 -062 004 080 012 075 012 -0.71 0.04
15 -059 0.04 081 011 0.76 011 -0.70 0.04
14 -056 004 082 011 076 011 -0.69 0.04
13 -054 0.04 083 011 0.77 011 -0.68 0.04
12 -051 003 084 010 0.77 011 -0.68 0.03
11 -049 003 084 010 0.77 010 -0.69 0.03
10 -047 003 085 010 0.77 010 -0.69 0.03

Floor

Velocity: Magmitude (m/5)
2.00 0.20 160 3.40 5.0 7.0

WVelocity: Magitide (m/s)

-2.00 0.20 1.60 .40 5.20 7.00 9 -045 003 085 010 0.77 0.10 -0.68 0.03
8 -044 003 086 009 078 0.10 -0.68 0.03
Fig. 8 CFD result(CASE 3-2). 7 -043 003 087 009 078 009 -069 003
o] 9 71e0] Famme wieto] B u A% FuolA 6 -042 003 088 009 078 009 -070 0.03
M- oIl o T wol e A T 5 042 003 08 009 078 009 -071 003
F71E850] AEA FAHE=A B 4 v}k CFD sl|4
o Ea upate] A%e] 4440w AeA L Fodl o) 4  -042 003 088 009 079 009 -072 0.03
NAE FWS Bla SebuA A= o s 3 -042 003 089 009 078 009 -072 0.03
Aol StEEA Z=wmaAse] os) Walg wlere] o 2 -043 003 088 008 077 009 -073 0.03
S 1edata 9tk 11 Avkel 7+ =W 7} wle] Feot 1 -044 003 088 008 076 009 -073 0.03
A S Table 49 2t}
3.2 CONTAMW SIMULATION 4, Zdap ¥ 0
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Fig. 9 Pressure difference, airflow rates at each sides of the building(low, mid, high floor).
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Table 5 Inflow and outflow rate of each side in building according to the wind pressure calculation methods
(flow rate : kg/h)

North West South East
in out in out in out in out

CASE 1 2193 2193 2193 2193 2193 2193 2193 2193

CASE 2-1/2-2 2836 1890 2836 1890 1619 3063 1619 3063

CASE 3-1 4761 993 5038 993 336 5422 901 4528

CASE 3-2 2211 2071 2234 2065 2069 2069 2059 2312
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