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Abstract. This study was carried out to evaluate the structural safety for both the attached wind-protect-
ing wall in greenhouse and the detached one installed outside. Regarding the attached wind-protecting wall
in greenhouse, the analysis was conducted by doing a fluid-structure coupled field analysis using both CFX-
5.7 and ANSYS 8.1 and also under the design condition of an instantaneous maximum wind velocity of
30.9 m+s!. Three kinds of the width ranged from 30 to 90cm were considered in this study. With regard to
the detached wind-protecting wall, the structural safety was analyzed under the pressure difference of
1,117 Pa which corresponded to a wind velocity of 50 m+s™' and the analytical results were also compared
with theoretical ones. The result showed that there was little difference in the distribution of velocity overall
and total pressure on the lateral side according to the width of the attached wind-protecting wall, but green-
house with wind-protecting widths of 30 to 60cm has been reinforced to the extent of about 11% when com-
pared with the case of being without the wall. The result also showed that the detached wind-protecting wall
with a main-column interval of 3m was not stable so that it was necessary for the detached wind-protecting
wall to be adequately reinforced to secure structural stability. Finally, there was great difference between
analytical results and theoretical studies. The difference meant that there was some possibility of including
errors when a theoretical study was done in three dimensional structure.

Key words : ANSYS, CFX, fluid-structure, greenhouse, maximum stress, structural analysis, wind-pro-
tecting wall, wind-screening mesh
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(a) Without wind-protecting wall (b) Typical wind-protecting wall

Fig. 1. General shape of the attached wind-protecting wall in greenhouse.

(a) For outside (b) For greenhouse

Fig. 2. General shape of detached wind-protecting walls.
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Fig. 3. General shape of the attached wind-protecting wall
in greenhouse for grapevine cultivation.
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Table 1. Specification of pipes in greenhouse for grapevine cultivation.
Classification  Gutter beam Main column Cross beam  Supp. cross beam  Main rafter Sub. rafter
Specification $48.1 x 2.1t 048.1 x 2.1t $48.1x 2.1t - 025.4x 1.5t $25.4 x 1.5t
Interval & No. - 2m 2m - 2m 66.7cm
. . Floor Side main Side sub. . Front/Back Front/Back
Classification Side beam
beam rafter rafter column cross beam
Specification  $25.4x 12t  $31.8x 1.5t  $254x 1.5t  $254x12t  $254x1.5t  $25.4x1.5¢
Interval & No. 5P/house 2m 66.7cm 3P/side 3P/house 3P/house
Total length, L=48m N
Interval between main columns, L, =3m 1
Vi | cl c
7\ L&
// e bl
3 3 3 \\ \ | g
| | ; \ ! T
A\ /‘.‘ /\‘ fl ¥ 2 A‘ E" H
A \ \ \‘ Y =]
,3\ ,)\ g \\ ,)\ ,)\ %0
SN N S/ ‘\\ s \‘ | T
) a
’ L 4

Fig. 4. Configuration and dimensions of a detached wind-protecting wall.
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Table 2. Specification and dimensions of pipes of detached wind-protecting walls (unit:).

Classification Main column Side beam Supporting pipe  Sub. supp. pipe I  Sub. supp. pipe 2
Specification $48.1x3.2t $25.4x 1.5t $48.1 x2.1t 048.1 x 2.1t $48.1x 2.1t
Interval L. a=1,000 Ln | L.
Case 1
Length H L Ls=3,354.1 L,=1,000 L,=500
Interval L a L - -
Case 2 " "
Length H Ly Ls - -
Interval Ln a - - -
Case 3
Length H L, - - -
Interval The same as Case 1 2L 2L, 2L,
Case 4
Length The same as Case 1
[Unit:mm]
Free slip Free slip
Inlet Outlet
v e e Jsooo
ooy ey T p
Wall No slip) Walll No dlip)
96,400 3.600x8=28,800 194,800 80,000 40,000 80,000
T T* e

Fig. 5. Schematic of computation domain for flow over

Table 3. Descriptions and boundary conditions of the CFD mode

greenhouse. The greenhouse is not drawn to scale.

1.

Classification

Methods and conditions

Simulation type

3D, Steady state

Inlet : Vi,=30.9m-s’!, Turbulence intensity = 5%(Default)
Qutlet : P=0Pa, Turbulence intensity = 5%(Default)

Boundary conditions
(Greenhousel

Top and lateral side : Free slip condition

(Plastic film) : No slip condition

Ground : No slip condition

Fluid : Air at 25°C

Reference p
Buoyancy o

Domain models

ressure : latm
ption : Non Buoyant

Turbulence model

SST(Shear Stress Transport) turbulence model

Advection scheme

Specified Blend Factor=0.75

Convergence control

Physical Timescale=0.1s
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Table 4. Information on grid and iteration effort in CFX according to the variation of width of a wind-protecting wall in
greenhouse for an inlet velocity of 30.9m-s™.

. No. of Min. angle of Dimensionleis d+istanc+e Iterations Totél

Width | b edrons hexahedrons from the wall, y'(y min~y " max) converged CPU
(Mesh quality) Greenhouse Ground
Ocm 1,083,648 23.6° 4.6~407.9 16.2~397.8 1,115 -
30cm 1,083,648 15.1° 5.4~373.5 12.2~386.3 589 -
60cm 1,083,648 11.0° 1.5~420.7 6.9~445.6 421 15.4h
90cm 1,083,648 10.7° 6.5~1,668.5 17.7~452.8 451 16.3h
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(a) Main column (b) Supporting pipe (c) Side beam

Fig. 7. Free body diagrams of the pipes in a detached wind-protecting wall (Case 1).
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Table 5. Maximum bending moment and maximum stress on each of the pipes.

Values Main column Side beam Supporting pipe
2 2
. qL . L . 2L
Max. bending moment (M) -% Tm -Rsina x TS - R,sina x TS
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Fig. 8. Distribution of velocity contour(m-s™', left) and total pressure(Pa, right) on the surface of the wind-protecting wall
according to the variation of width in greenhouse for an inlet velocity of 30.9m-s™".
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Fig. 9. Distribution of deflection(mm, left) and von Mises stress(N mm™2, right) of pipes according to the variation of width
in greenhouse for an inlet velocity of 30.9m-s™'.

Table 6. Results of flow and structural analysis according 1o the variation of width of a wind-protecting wall in greenhouse
for an inlet velocity of 30.9m-s™".

Result Flow analysis Structural analysis
Width Max. velocity (m's™) Total pressure (Pa) Max. deflection (mm) Max. stress (N-mm™)
Ocm 53.7 -1,522.3~415.9 26.8 178.0
30cm 54.6 -1,477.7~405.6 14.6 161.0
60cm 54.3 -1,519.3~398.7 154 161.0
90cm 53.1 -1,461.1~387.7 17.3 168.0

Table 7. Von-mises stress on each of pipes according to the variation of width of a wind-protecting wall in greenhouse for an

inlet velocity of 30.9m-s™".

Max. stress(N-mm™2)

Pipe
Guter Main Cross Main  Su.  Floor S Sde gy gy PP
Width beam col. beam  rafter  rafter  beam rafter  ra fte.r beam col. beam
Ocm 23.5 - 49.4 70.0 699 111.0  178.0° 173.0 89.1 54.7 713
30cm 425 92.1 36.7 76.8 792 136.0 161.0 150.0 55.8 22.0 28.4
60cm 50.0 88.9 333 78.6 812 139.0 161.0 156.0 57.0 18.0 33.2
90cm 60.0 91.9 326 80.9 79.5 135.0 168.0 166.0 57.3 14.9 41.1

*Main column included.
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Table 8. Maximum stress of pipes resulted from structural analysis using ANSYS.

Maximum stress(N-mm2)

Classification

Main column Side beam Supporting pipe ~ Sub. supp. pipe 1 Sub. supp. pipe 2
Case 1 193.0 679.0 223.0 135.0 136.0
50.0mes") Case 2 303.0 712.0 253.0 - -
Case 3 4,620.0 821.0 - - -
Case 4 1,800.0 1,830.0 572.0 302.0 350.0
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Fig. 10. Distribution of deflection(mm, left) and von-Mises stress(N - mm™, right) of pipes in a detached wind-protecting

wall for an inlet velocity of S0m - s™'(casel).

Table 9. Maximum stress of pipes resulted from theoretical studies.

Maximum stress(qN-mm™2)

Classification

Main column Side beam Supporting pipe Sub. supp. pipe 1  Sub. supp. pipe 2
Case 1 176.7 991.0 953.6 17.7 49
50.0ms™  Case2 333.6 991.0 29.3 - -
Case 3 2,827.3 991.0 - - -
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