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ABSTRACT
Key Words: Building Study, Numerical Simulation, Wind Tunnel Test

1. Background

In wind-related building studies, the method of wind tunnel experiments is
adopted traditionally and its execution is generally considered costly and
time-consuming. Due to recent significant progress of computer hardware and
software, on the other hand, the method of computation of fluid dynamics (CFD),
taking the advantages of the capability of high-speed computation and large-scale
data treatment, has been recognized as a second important tool by international
wind-engineering researchers for wind field analyses.

Essentially, the adoption of numerical ssmulation in wind field analysis brings
about two prevailed features: high efficiency and save in cost. Without suffering
from the scale-effect problem in wind tunnel model tests, the CFD executionor
can proceed systematic analysis to achieve whole-field time-series results of all
the related variables based on prescribed approaching-flow conditions (Reynolds
number, wind orientation) and geometric conditions (shapes and dimensions of
buildings). However, severa tasks in CFD are still needed to overcome. For
example, problems may occur when the flow around a structure with a complex
shape and/or in a complex territory is predicted. The accuracy of the numerical
results can be improved by further improvement of the adopted turbulence model.
Accordingly, in most of the internationally well-known large-scale wind-tunnel
laboratories, a CFD unit is set in the program to facilitate the research capability
beside the experimental group

2. Research Methods

In the study, a single square/rectangular building in aflat territory is set as the
benchmark problem. Wind tunnel experiments were firstly performed to measure
the wind field and the associated wind force coefficients. These fundamental data
were used as the basis for verification of the numerical results. Numerical
computations by using three CFD methods and turbulence models were then
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carried out. The numerical results were then compared to assess the accuracy and
validity of the methods. Finally, preliminary acceptable application guidelines of
CFD in dealing with practical wind engineering analyses were proposed.

3. Major Achievements
The major achievements of the study are illustrated as follows:

(1) Establishment of an experimental database for square/rectangular buildings
with an aspect ratio of 4.

(2) Acquisition of the theory, capability and applicability of three CFD software,
including Fluent, Star-CD and WCF.

(3) Exploration of the problems encountered during the applications of the three
CFD software.

(4) Assessment of the accuracy of the predicted wind load results based on
various turbulence models.

(5) Accomplishment of verifications and eval uations of numerical results.

(6) Suggestions of numerical simulations in the aspects of the spatial domain,
computational mesh and minimum grid size.

(7) Preliminary proposition of acceptable application guidelines of CFD in dealing
with practical wind engineering analyses.

4. Major Suggestions
The major suggestions of the study are illustrated as follows:

(1) Encouragement of additional funding to similar projects regarding the
application of CFD.
It has been emphasized by the members of the consulting committee meeting
that in order to promote the benefits from the applications of CFD, future
funding to similar projects regarding the application of CFD is encouraging.

(2) Development of CFD program in ABRI wind tunnel laboratory
In most of the internationally-well-known wind tunnel laboratories, there is
always a CFD program responsible for numerical analyses. The ABRI wind
tunnel laboratory should further develop a CFD group to promote its research
capability and service level.
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(Cp') 1 ( 4-6 4-7)
/ /
4-11 (Cp) (C.)
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(Cpeq =) (CLe )
)
4-11
1( 520%x396x346 0.025D)
4-11
1 2 3 4
Cp | 1.09| 1.17 | 1.14 | 1.09 | 1.06
Cp' | 0.16 | 0.17 | 0.16 | 0.10 | 0.08
C, |-0.06|-0.004 |-0.002|0.009 | 0.028
C.' 1031 ] 031 | 030 | 0.28 | 0.26
Coeq | 2.56 | 2.88 | 2.74 | 2.63 | 2.58
Cow | 038 | 0.47 | 0.44 | 0.42 | 0.48
Cieg | 0.05 | 0.06 | 0.08 | 0.06 | 0.09
Cieo | 077 ] 076 | 073 | 0.67 | 0.55
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2H

76

6H)

WCF

4-1 4-2

1 3H 2H

4-12

2H
2H 1.5H
4-12

1.5H | 2H 3H
¢l 1.09 | 1.19 | 1.14 | 1.12
C,' [0.16 | 0.12 | 0.16 | 0.16
C, [-0.06|-0.04 |-0.0020.001
C.' |031] 036 | 030 | 0.30
Cpe | 2.56 | 2.81 | 2.74 | 2.70
Che | 0.38 | 0.52 | 0.44 | 0.43
CLe | 0.05 | 0.06 | 0.08 | 0.03
Leg | 0.77 | 0.85 | 0.73 | 0.74




3H
1.5H

6H

4-13

1.5H | 2H 3H

N 1.09 | 1.26 | 1.14 | 1.08
Cy,' |0.16 | 0.23 | 0.16 | 0.14
C, |-0.06|-0.09 |-0.002 | 0.002
C.' |031| 042 | 030 | 0.30
Cpe | 2.56 | 2.88 | 2.74 | 2.70
Che | 0.38 | 0.54 | 0.44 | 0.43
C.. |005]0.11 | 0.08 | 0.08
0.77 | 0.91 | 0.73 | 0.78
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4-14

3H 4H 5H 6H
C, 1.09 | 1.37 | 1.31 | 1.20 1.14
C,' |0.16 | 0.08 | 0.12 | 0.19 | 0.16
C, [-0.06]0.010 | 0.03 | 0.01 |-0.002
C.' |031] 022 024 | 029 | 030
Cpe | 256 | 3.03 | 296 | 281 | 2.74
Che | 038 | 027 | 031 | 045 | 0.44
CLo | 0.05 | 0.04 | 0.04 | 0.09 | 0.08
Leg | 0771 056 | 0.54 | 0.69 | 0.73




Murakami

[23]

/
(Fluent  Star-CD)

[2] Murakami M

WCF

LES

ochida[5]

3H 6H 2H 2HH

0.025D
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Star-CD Fluent

Star-CD Fluent

STAR-CD
STAR-CD PROSTAR
STAR  PROSTAR

STAR STAR-Design( 5-1)
10cm
(B) 40cm(H) 3H(120cm)
6H(240cm) 2H(80cm)

2H(80cm) STAR-Design

5-1 STAR-Design
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pro-STAR/suf ( 5-2)
.iges 3D 3D

.dbs

5-2 pro-STAR/suf

3.
pro-STAR/amm automesh
(1) .dbs
(2) STAR-CD
subsurface
(3)

4) pro-STAR/amm
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(1) (steady state) (transient)
(2) pro-STAR
(3) inlet( )
outlet( ) wall no
slip( ) symmetry
(4) k-Eposilon\high reynolds
k-Eposilon\RNG k-Eposilon\high reynolds
c, C

n el

C, C,
C., K 0.09 1.44 192 1.44 -0.33 0.419
k-Eposilon\RNG
¢, C, C, C; C, k P 0.085 1.42

1.68 1.42 -0.387 0.4 0.012 standard wall

function
(5)

k(turbulence kinetic energy) ¢ (dissipation rate)

( 5-5)
(6) AIR

(7) differencing scheme STAR-CD

UD(upwind differencing)

(8) turbulence

kinetic energy dissipation rate turbulence viscosity

Star-CD

83



EEE[E e

LG

g

HEEAL

s

AL
SIEELRERE i

IHE[E 82

e

5-5 Star-CD

Fluent

GAMBIT

Fluent

FLUENT 5/6

GAMBIT

Fluent

3D

Star-CD

3D

5-6)

GAMBIT

(symmetry)
.msh

wall

outflow

wall
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FLUENT 5/6
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5-6 GAMBIT
GAMBIT
FLUENT 5/6
FLUENT 5/6
FLUENT 5/6 .msh
2. 3D
GAMBIT
3. (solver)
Fluent (

(1) steady state  unsteady

GAMBIT

wall

Fluent

5-7)
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(2) (k-&¢ model)
Fluent k-Eposilon\ Standard
k-Eposilon\RNG k-Eposilon\ Standard  Fluent
C,. C C, 0.09 1.44 1.92 k-Eposilon\RNG
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FORTRAN
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5-9 Fluent
(4)
AIR
(5)
Fluent
(6)
Fluent (
turbulence kinetic energy dissipation rate turbulence
viscosity)
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WCF

WCF (source code)
8 (PC cluster)
LES
20
1. (explicit) (implicit)

(time increment)

(iteration)
2.
3. (vectorization) (parallel treatment)

. Fluent Star-CD

Fluent  Star-CD k-¢
WCF Fluent
Star-CD
1.
HP ProLiant BL460c
(mesh size)

2.

(default)

88



(divergence)
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1. CFD

CFD
2.
Mochida[5])
LES
LES
3.

90

(Reynolds number)

CFD
CFD

(Murakami [2] Murakami
(bluff body flows)
k-¢

CFD



3H 6H 2H 2H(H )

CFD

) LES
0.025D

CFD

LES

(time increment)

(real time)
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CFD

LES)

Fluent

Fluent

Star-CD

Star-CD

WCF

WCF

(standard k-¢

RNG k-¢
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CFD

CFD
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CFD

Star-CD
WCF

Fluent

CFD

WCF

Star-CD Fluent

(Level)
CFD
Star-
CD Fluent
WCF

Star-CD)

Star-CD
(source code)

WCF

WCF

(Fluent

Fluent
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CFD

CFD

CD

WCF

Fluent

Star-
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CFD

CFD

CFD

CFD

CFD
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2. CFD

3-16

CFD

p.27

3-12

p.31

3-13 3-16

3117 B\2

3-17

4-1

4-9

3-12
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CFD
CFD
CFD
CFD
CFD

CFD

CFD

CFD

CFD

CFD
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PC Cluster
Core 2 Quad
OMP
WCF

CFD

CPU

PC Cluster

CFD

MPI
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CFD
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