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Fig.4 Response surface models of force

x2 FEANIINEERTSZESHT(ANOVA)
Table 2 Analysis of variance(ANOVA )table for resistance
response surface model

P 1 AdjSS AdjMS F P
Y 5 133.897 26.7794 19.02 0
2tk 2 71.272 35.6359 2531 0
AR £ 1 27.528 27.5284 19.55 0.002
P £y 1 43.743 43.7434 31.07 0
5 2 62.053 31.0267 22.03 0
RSA A7 < ARFATT £y 1 59.305 59.3045 42.12 0
A F61 <Dt A £ 1 2.749 2.7489 1.95 0.196
EH AN 1 0.572 0.5719 0.41 0.54
AREAR£71 < i U £ 1 0.572 0.5719 0.41 0.54
2 9 12.673 1.4081 — —
At 14 146.57 — — —

&3 FANMNEEETSEDHT(ANOVA)
Table 3 Analysis of variance(ANOVA)table for resistance
response surface model

Heils ERE1ES AdjSS AdjMS F P
Y 5 320.178 64.036 8.97 0.003
bk 2 279.392 139.696 19.56 0.001
LR LB 1 254.349 254.349 35.61 0
P £y 1 25.043 25.043 3.51 0.094
For 2 0.198 0.099 0.01 0.986
REAR T < ARHA A7y 1 0.116 0.116 0.02 0.901
AR AL A7 <A ) 1 0.082 0.082 0.01 0.917
SEH AN, 1 40.588 40.588 5.68 0.041
AT £y < R £ 1 40.588 40.588 5.68 0.041
W 9 64.275 7.142 — —
Hit 14 384.453 — — —

x4 MANIBNEREETSZEDHT(ANOVA)
Table 4 Analysis of variance(ANOVA)table for lateral
force response surface model

e A AdjSS AdjMS F P
FRAY 5 293.024 58.605 11.02 0.001
bk 2 201.908 100.954 18.98 0.001
LRLIB 1 42416 42416 7.97 0.02
i £y 1 159.492 159.492 29.98 0
Iy 2 88.849 44.424 8.35 0.009
REA 1y <ARHA £ 1 87.207 87.207 16.39 0.003
It <A A 1 1.642 1.642 0.31 0.592
SEH U 1 2267 2.267 0.43 0.53
AREAT 1y < i £ 1 2267 2267 0.43 0.53
R 9 47.877 5.32 — —
At 14 340.902 — — —
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Research on Low Speed Wind Tunnel Test Method Based on MDOE of
Polynomial Response Surface

Jiang Jiawei, Cheng Qiyou, Liu Zhengjiang, Chen Weixing

National Key Laboratory of Helicopter Aeromechanics, China Helicopter Research and Development Institute,
Jingdezhen 333001, China

Abstract: The existing modern design of experiment (MDOE) methods based on various statistical models have a
large amount of calculation and complex modeling, which leads to a decrease in the efficiency of the overall wind
tunnel test. In order to solve this problem, an optimization design method combining polynomial response surface
model with modern design of experiment is proposed in this paper. The central composite design was used to divide
the test points in the independent variable interval and the wind tunnel test was carried out to obtain the aerodynamic
force. The polynomial undetermined coefficients were determined by the least square method, and the response
surface model was constructed. The analysis of variance and significance test were carried out. Finally, five
traditional single variable (OFAT) method test points were selected to test the fitting accuracy of the response surface
model. The results show that compared with the traditional univariate wind tunnel test method, the low-speed wind
tunnel test method based on polynomial response surface MDOE proposed in this paper has the advantages of easy
modeling, small calculation amount and prediction calibration, which can reduce the test sample points by about 50%
and effectively improve the efficiency of wind tunnel test.

Key Words: polynomial response surface model; MDOE; wind tunnel test; central composite design; analysis of
variance
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