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Basic Study on Wind Force Coefficients of Air-Supported Structures
Consisting of Semi-Cylinder with Quarter Spheres Attached to Ends
-Wind Pressure Characteristics Obtained from Wind Tunnel Tests and Computational Fluid Dynamics Analysis-
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Abstract: In the design of air-supported structures, it is important to understand wind pressure characteristics and set

internal pressure to ensure safety and stability under strong winds. Previous research has reported on wind pressure

responses using both rigid and flexible models, but the majority of these studies have focused on dome shapes. Taking

the above points into consideration, this report conducts wind tunnel experiments and CFD analysis on an air-supported

structure consisting of a semi-cylinder with quarter spheres attached to both ends to understand the wind pressure

characteristics. Furthermore, by comparing the results of both, the validity of the CFD analysis method is verified.
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Table 1 Conditions of Wind Tunnel Test

a)Plan View c)Long Side Elevation

Wind tunnel device Eiffel type wind tunnel device (1.2m*0.9m)

Air flow Boundary layer turbulence (Category of surface roughness IIT)

Wind velocity 6.00m/s at z=80mm

Velocity gradient o 0=0.2

Sampling frequency / time | 500Hz/25.8sec

Model scale model / full = 1/ 100

Table 2 Conditions of CFD analysis
Turbulence model LES[Smagorinsky model (Cs=0.15)]
Air flow Boundary layer turbulence (0=0.2)

Ground+Model surface no - slip

Boundary condition
i Upper-Side surface free - slip

Time step 2.1x107sec

Model
Roughness block
Barrier

Wind

a)Analysis Area b)Cputational Meshes
Figure 2 Outline of CFD Analysis
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a) Plan view b) Long side cross section
Figure 3 Outline of model and measurement point
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M :Experimental Value Vz,Lx =:Theoretical Value
W:Analysis Value Vz, Lx =:Model height
A:Experimental Value Ir =:Experimental Value
A:Analysis Value Ir =:Analysis Value
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Figure 4 Wind flow conditions in the wind tunnel tests and CFD analysis

1.5! - 7 2
Wind " ~Z
Co0 Ny \d’—v
f —_—
| /e o o 1é§§)
— —— —
15 2 wind

i) Average wind force coefficient
distribution in CFD analysis

iii)Power Spectral Density

ii ) Mean wind force coefficient definition
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iii-e) EE” section wind force coefficient iii-f) FF* section wind force coefficient
iii) Comparison of wind force coefficients
Figure 5 Wind force coefficient for each cross section
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