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Fig.1 Overall design scheme of wind tunnel
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Fig.2 Contraction segment velocity cloud graph
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Table 1 Level table of key site parameters

in the wind tunnel

_ ABBKE/mm BREEBKE/mm  CHUZRE
KF . . .
Level Length of shrinkage  Settling chamber Damping net

v

section length position

1 600 600 0.50L,,

2 700 800 0.65L,,

3 800 1000 0.80L,,

F2 EXHAER
Table 2 Orthogonal test table

ESa

Scenario serial number A B ¢
1 1 1 1
2 1 2 2
3 1 3 3
4 2 1 2
5 2 2 3
6 2 3 1
7 3 1 3
8 3 2 1
9 3 3 2

Y R 14.9~22.6.12.8~22.5.12.9~22.6, 13.2~
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BN I 1 R 22 Ak LIS T A KT e 46 B, S
TR . AN, 4 Bl R BT R U XA - 24 R
43 514 17.62.16.96 ,17.19.17.09 m/s, fL 600 mm
Wz 45 B e 7 1) XU S 244 328 380 XU R 13 1 H b
17.2~20.7 m/s Ji .,

Velocity

A B c D
A:600 mm;B:800 mm;C:1 000 mm;D:1 200 mm.
7 ARG Rt e X KE 5T A E
Fig.7 Cloud map of wind speed corresponding
to different shrinkage sections in the test area
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Fig.8 Cloud map of wind speed corresponding
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Fig.9 Cloud map of wind speed corresponding
to different damping nets in the test area
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JEE X WA 25 R =0.137 , o B X Bl 2% Rop=
0.130, BHJE P 37 & XF W # 28 Rs=0.102, Bl R\
R Reco B, 7652 M R 056 X803 it 3t 7 3
Fofr PR v 25 W A B HE P AR U W 4 B >R
FEBRK B FHJE A B RIses B B AR b2 52
DRG] 3 56 DX 3000 i ot R ZE DR 22, BHLJE I o7 2 52
M A it L ) e R L R 2R

Velocity
2.4

2.16e+01
1.91e+01
1.67e+01
1.42e+01
1.18e+01
9.33e4+00
6.89¢4+00
4.44e+00
2.00e4+00

R3 RELEZRHEMEDT

Table 3 Analysis of the coefficient of variation of wind speed

Sy HTeE bR AW B JE /mm BFE BLCE/mm CRHJE ML
Analyze metrics Shrink segment length Stable segment length Damping net position
Iy 0.504 0.572 0.624L,,
s 0.641 0.500 0.522L,,
s 0.557 0.630 0.556L,,
R 0.137 0.130 0.102L,,
O Fh 77 5 (9 AL 5+ R HTT 2203 T R A o, O 3.682, PAH/INT 0.05, 7% 1.3.4.5.7.8.9 i i

A T7 ARG XA Rl B A G 22 57 3, Horp F{E

A5 S Z K0 ) R 0.189.,0.181.,0.196.,0.188.,0.187 .
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0.178.0.192, FHR/NICHI i 22 5], 77 58 2.6 I KU A2
SR M 0.134.,0.257, Hoh )y 2 2 193 56 XX
PRAR 5 RFCRAR, I T HAth 8 Ry 52 10 G A8 5
B, T %8 6 1 RGH AR S R Bl g, KRR e M I 22
BCAE O Fh  Ze b, 5 8 2 MR B0 IX A0 dh B B A, R
oA I S) W AR o AP IR T 24E R
YGRS BT R
R4 ETRBHRFTENN

Table 4 Analysis of variance for orthogonal test protocols

WGHAR 5 2254 Coefficient of variation of wind speed

TR )
Scheme 100 mm 400 mm 700 mm
Overall area
1 0.152 0.208 0.188 0.189
2 0.028 0.123 0.139 0.134
3 0.143 0.191 0.183 0.181
4 0.162 0.217 0.206 0.196
5 0.149 0.214 0.189 0.188
6 0.212 0.280 0.259 0.257
7 0.144 0.203 0.188 0.187
8 0.139 0.191 0.186 0.178
9 0.145 0.219 0.191 0.192
F 3.682
P <0.05
25 IGIEIRLE

S CED 45 2045 S B9 ATV, A i %) 7 56
2 KA B0 3 ST R I , 76 %3 1 450 r/min
TR T e T X ST LT S 56 X
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5 3.

1 4 7

®e o e

2 5 8 —

®e o o =
=]

3 6 9

® O ¢

0.3 m
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Simulation and testing of key components of wind tunnel
for rapeseed lodging resistance testing

WANG Haojie, REN Yilin, XING Boyuan, HUANG Qiuhang, WANG Qilong, WANG Jiansong

College of Engineering/Ministry of Agricultural and Rural Affairs Key Laboratory of Agricultural
Equipment in Mid-1Lower Yangtze River, Huazhong Agricultural University, Wuhan 430070, China

Abstract Wind tunnel devices play an important role in studying the lodging resistance of rapeseed in
strong wind environments. The wind tunnel model of rapeseed lodging resistance test was established based
on computational fluid dynamics software Fluent. The design of parameter and simulation tests on key parts
of the wind tunnel including diffusion section, stabilization section and contraction section were conducted.
The effects of key parts of the wind tunnel on the quality of the wind tunnel flow field were analyzed. The op-
timal design scheme was selected with orthogonal experiments. The results showed that the variation coeffi-
cient of wind velocity at the outlet of the wind tunnel increased when the length of the shrinkage section L, in-
creased, and the quality of airflow decreased in the single factor experiment. As the length of the stable sec-
tion L, increased, the coefficient of variation of wind tunnel outlet wind speed first decreased and then in-
creased. When L, was 1 000 mm, the coefficient of wind speed variation was the lowest and the airflow quali-
ty was the best. The wind speed variation coefficient of wind tunnel outlet first decreased and then increased
with the increase of the outlet length of the stabilization section of the damping net distance. When the damp-
ing net was 0.65L,, away from the wind tunnel outlet, the variation coefficient of wind speed was the small-
est. Among the 9 orthogonal experimental schemes, when the shrinkage section length was 600 mm, the sta-
bilization section was 800 mm, and the damping net was 0.65L,, away from the wind tunnel outlet, the aver-
age variation coefficient of wind speed in the corresponding wind tunnel test area was 0.139. The wind speed
was more stable than other schemes, and the airflow quality was the best. It is indicated that there is no signif~
icant difference between the measured wind speed and the simulation value in scheme 2 wind tunnel. It will
provide data support and proof for the design of wind tunnel.

Keywords rapeseed ; lodging; wind tunnel test; virtual simulation; wind speed variation coefficient;

airflow quality
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