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Abstract

This study was carried out to: (1) visualize the installation effect of an anti-wind net; (2) evaluate structural stability of
typical anti-wind nets in Jeju; and (3) present the optimal specification of pipes in an anti-wind net for maximum instant
wind velocities of 40 m/s and 45 m/s. The analyses were done for anti-wind nets with a mesh of 4 mm and a height of
3 m by using CFX and ANSYS. The results showed that the wind went down due to flow resistance when passing through
an. anti-wind net. The anti-wind net with the supporting pipe being installed every two main columns was certainly unstable
because the main column not sustained by the supporting pipe became cantilever. With regard to the position of a fixing
point of the supporting pipe, von Mises stress on pipes was certainly increased as vertical positions of the supporting pipe
were changed to be too lower or higher than an adequate position but there was little difference according to horizontal
positions. The adequate vertical position was 2~2.5 m high from the ground. For a maximum instant wind velocity of 40
s, the optimal specification of pipes was a main column of ©48.1x2.1 t@2,000, cross beams(bottom and top) of $26.7x1.9
t, cross beams(center) of ©33.5x2.1 t/2ea and a supporting pipe of ©31.8x1.5 t@2,000. In case of a maximum instant wind
velocity of 45 m/s, the optimal specification of pipes with structural stability was a main column of (48.6x3.25 t@2,000,
cross beams(bottom and top) of ©26.7x1.9 t, cross beams(center) of ¢48.1x2.1 t/2ea and a supporting pipe of ¢31.8x1.5

t@2,000.
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Fig. 2 Pressure drop characteristics according to wind velocity
through an anti-wind net of 4 mm.
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Table 1 Descriptions and boundary conditions of the CFD model.

Classification Methods and conditions
Simulation type 3D, Steady state
Inlet : V = 40 m/s
Outlet : P =0 Pa
Boundary conditions Upper and lateral sides : Free slip
Ground : No slip
Anti-wind net : Porous media
Fluid : Air at 25 C

Domain models Reference pressure : 1 atm
Buoyancy option : Non buoyant
Advection scheme Specified blend factor = 0.75
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Fig. 3 Computational domain and boundary conditions around an anti-wind net. the domain is not drawn to scale.

432



Run CFX Windmesh gamgyulGH none L60mxH3m
$ST40.0 001
Momentum and Mass

Variablei Value

Accumulated Time Step
~— AMS P-Mass ~~ RMS U-Mom — RMS V-Mom - RMS W-Mom

J. of Biosystems Eng. Vol. 32, No. 6.

Run CFX Windmesh gamgyulGH none L60mxH3m
$ST40.0 001
Turbulence (KO)

1.0e+000

1.0e-001

1.0e-002

:
_§

Variable Vaiue

1.0e-004+

1.0e-005+

1.0e-005- ; ; — ; RS
0 10 20 30 480 50
Accumulated Time Step

== RMS K-TurbKE - RMS O-TurbFreq

Fig. 4 Convergence behavior of momentum and turbulence equations for the V = 40 my/s inlet flow.
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Table 2 Material properties used in structural analysis.

Material Modulus of elasticity (N/mm?) | Poisson’s ratio
Pipe (SGH400) 200x10° 0.30
PE 0.2x10° 0.42
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Table 3 Specification of pipes in an existing anti-wind net (4 mm
x 3 m) in Jeju.

Pipes Main column | Cross beam |Supporting pipe
Diameter X | g8 1x21 ¢ | ©267x19 t | dd8.1x2.1 t
thickness
Interval or No. 3,000 3ea, 4ea 6,000
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Fig. 5 Schematic drawing of existing anti-wind nets in Jeju.
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Fig. 6 Classification of anti-wind nets according to the interval
between pipes and the number of cross beams.
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Fig. 7 Schematic drawing represented the position of a fixing point of the supporting pipe.
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Fig. 8 Velocity vector (Left) and contour (Right) around an anti-wind net.
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Table 4 Structural stability of an existing anti-wind net (4 mm x 3 m) in Jeju for a maximum instant wind velocity of 40 m/s.

von Mises stress (N/mm?)
No. of cross beams - - -
Main column $48.1x2.1 t@3,000 Cross beam $26.7x1.9 t/4ea Supporting pipe ©48.1x2.1 t@6,000
3ea 1,730.0 1,450.0 424.0
4ea 1,620.0 1,240.0 459.0
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Fig. 9 Distribution of deflection (Left) and von Mises stress (Right) of pipes for an existing anti-wind net with cross beams of 4ea in Jeju.

Table S Structural stability of an anti-wind net (4 mm x 3 m) according to the interval of main columns and supporting pipes for a maximum

instant wind velocity of 40 m/s.

von Mises stress (N/mmz)
Interval - - ;
Model between pipes” Main column Cross beam Supporting pipe
(©48.1x2.1 1) (©26.7%1.9 1) (048.1%2.1 1)
3,000%6,000 1,730.0 1,450.0 424.0
I 2,500%5,000 1,210.0 1,170.0 329.0
2,000%4,000 763.0 841.0 236.0
3,000%3,000 380.0 963.0 205.0
1I 2,500%2,500 314.0 645.0 140.0
2,000%2,000 246.0 384.0 89.1
3,000x3,000 308.0 687.0 208.0
11 2,500%2,500 258.0 473.0 140.0
2,000x2,000 207.0 297.0 86.9
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Fig. 10 Variation of von Mises stress on pipes in an anti-wind net
(4 mm x 3 m) with the position of a fixing point of the
supporting pipe at a maximum instant wind velocity of 40 m/s.
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Table 6 The specification of pipes in an anti-wind net (4 mm x 3 m) with cross beams of 3ea and 4ea which is to be stable at a maximum

instant wind velocity of 40 mys.

Main column Cross beam Cross beam (s) Cross beam Supporting pipe 4
(bottom) (center) (top) Installationcost
‘ von Mises stress (N/mm°)
$48.1x2.1 t@2,000 $26.7x<1.9 t $33.5x2.1 t/2ea $26.7x1.9 t ®31.8x1.5 t@2,000 694 437+
209.0 137.0 170.0, 187.0 149.0 78.9
$48.6x3.25 t@2,000 $26.7x1.9 t $48.1x2.1 t/lea $26.7x1.9 t $31.8x1.5 t@2,000 778356
171.0 185.0 114.0 200.0 62.0
©60.5%3.65 t@2,500 $33.5x2.1 t D48.1x2.1 ¥/lea ®33.5%2.1 t @31.8x1.5 t@2,500 854,770
127.0 174.0 183.0 195.0 70.2
$48.6x3.25 t@2,500 ®33.SX2.1 t 048.1x2.1 t12ea $33.5x2.1 t ®31.8x1.5 t@2,500 879573
177.0 123.0 129.0, 141.0 135.0 77.5
$60.5%3.65 t@3,000 @33.5*2.1 t $48.1x2.1 t/2ea ®33.5x2.1 t $31.8x1.5 t@3,000 913.974
124.0 180.0 186.0, 199.0 202.0 87.3
®60.5%3.65 t@3,000 D48.1x2.1 t $48.6x3.25 t/lea D48.1x2.1 t $31.8x1.5 1@3,000 937,074
157.0 119.0 186.0 139.0 77.6
* expense installing pipes except for an anti-wind net. The labor costs was not included.
Anti-vind net Cross beam{center) 2,000 (Unit :mm]

{mesh dmm) / $33.5x2. 1t

l 150

[

[
T

Cross beam(bottom & top)

Hain column ¢48.1x2,1t@2,000

§ Supporting pipe
3 P
5| &l 8

S| o

$26.7x1.9t

Fig. 11 The schematic drawing represented the optimal specification of pipes with the lowest construction cost at a maximum instant wind

velocity of 40 mys.
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Table 7 The specification of pipes in an anti-wind net (4 mm x 3 m) with cross beams of 3ea and 4ea which is to be stable at a maximum

instant wind velocity of 45 my/s.

Main column Cross beam Cross beam (s) Cross beam Supporting pipe .
(bottom) (center) (top) Installationcost
von Mises stress (N/mm?)
D48.6x3.25 t@2,000 $26.7x19 t D48.1x2.1 t/2ea ®26.7x19 t $31.8x1.5 t@2,000 920,496
177.0 172.0 97.1, 112.0 181.0 74.6
D60.5x3.65 t@2,000 D33.5%2.1 t D48.1x2.1 t/lea P33.5%2.1 t D31.8x1.5 t@2,000 979,174
125.0 130.0 138.0 142.0 59.9
$60.5%3.65 t@2,500 D33.5%2.1 t $48.1x2.1 t/2ea ®33.5%2.1 t $31.8x1.5 t@2,500 996,910
130.0 154.0 159.0, 172.0 170.0 79.1
$60.5%3.65 t@3,000 D48.1x2.1 t $48.6x3.25 t/2ea D48.1x2.1 t D31.8x1.5 t@3,000 1154454
158.0 103.0 160.0, 169.0 119.0 97.0 e
Anti-vind net Cross beam(center) 2,000 [Unit :mm]
(mesh 4mm) / $48.1x2 1t |-—_’| @
/ j § Supporting pipe
/ / \ § ;g o $31.8x1.5t@2. 000
Cross beam(bottom & top) Main column ¢48.6x3.25t@2,000 1,500

$26.7x1.9t

Fig. 12 The schematic drawing represented the optimal specification of pipes with the lowest construction cost at a maximum instant wind

velocity of 45 m/s.
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o} 45 myselA] FRAHOZ QHASH| e F715S Ae
90~100 cm %9 Zo|& wjdsty Ax|Fo| L w3t U
FEOE AT A AU AR AR ER DNA FFo=
glste] Aldo] HERAY X Y5S dlofof s T3t
AAE T L 2L 048.1x2.3 t OAJollM 048.6x3.25 t9} ¢
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4. 99 % Y=
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(4) SGH400 | E A gshe 27N £ YES
40 m/sol] thet 3 A4 4 mm x 0] 3 m)9)
HE do|Z 1AL F7)%F 048.1x2.1 t@2,000, 7+
(- 3heh) 026.7x1.9 t, 7F2TN(ETD ©33.5%2.1 t/2ea
9 2] F}o] I 931.8x1.5 1@2,0000]T).

(5) SGH400 Flo|ZE ARESH= AN TS
45 nyse] gk FFT A(IH 4 mm x £0] 3 m)9)
A oI 1AL F71% 048.6x3.25 1@2,000, 715
H(7d-3hh 026.7%1.9 t, 7EZNET 048.1x2.1 2ea
g AR 5}o] L ¢31.8x1.5 1@2,00001%ch
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