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ABSTRACT

A Design of Experiments(DOE) approach to an experimental study of fuselage drag
and stability characteristics of a helicopter configuration was applied to achieve an
accuracy improvement in the wind tunnel testing. The impact of blocking the test was
assessed by comparing the ANOVA table for the blocked and unblocked cases. For a
second-order response model, the role of blocking resulted in a substantial increase in
the accuracy of test results. These accuracy improvement could be achieved through
randomization, blocking, and replication of the data points ie. a re-ordering of the
test sequence where the data were acquired.
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Fig. 1. Experimental designs for 3 factor
second-order regression RSM[20]
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Fig. 2. Fuselage drag-stability model test
set-up[21]
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Table 1. CCD test matrix and measured aerodynamic coefficient data

Set Point Value Coded Value
Block (dgg-) (d/(epg-) Block | z, Co Cy CL C, Cnm Ca
1 0 0 -1 0 0 +0.3710 -0.0177 +0.1161 +0.0005 +0.0013 -0.0092
1 +4 +4 -1 +1 +1 +0.3765 +0.2330 +0.3150 +0.0067 +0.0179 +0.0042
1 0 0 -1 0 0 +0.3698 -0.0181 +0.1133 +0.0005 +0.0013 -0.0089
1 -4 +4 -1 -1 +1 +0.3593 +0.3000 -0.0679 +0.0087 -0.0030 -0.0175
1 0 0 -1 0 0 +0.3711 -0.0132 +0.1142 +0.0005 +0.0016 -0.0090
1 +4 -4 -1 +1 -1 +0.3771 -0.2844 +0.3051 -0.0066 +0.0218 -0.0121
1 -4 -4 -1 -1 -1 +0.3581 -0.2836 -0.0751 -0.0029 +0.0016 -0.0082
1 0 0 -1 0 0 +0.3717 -0.0087 +0.1129 +0.0006 +0.0016 -0.0092
2 -5.66 0 +1 |-1.414] 0 +0.3760 +0.0224 -0.1696 +0.0043 -0.0019 -0.0185
2 0 0 +1 0 0 +0.3725 -0.0103 +0.1131 +0.0006 +0.0014 -0.0094
2 0 +5.66 | +1 0 |+1.414| +0.3519 +0.3823 +0.1521 +0.0078 -0.0043 +0.0021
2 0 0 +1 0 0 +0.3725 -0.0075 +0.1104 +0.0005 +0.0017 -0.0086
2 +5.66 0 +1 [+1.414| 0 +0.3953 -0.0062 +0.3649 +0.0002 +0.0255 -0.0069
2 0 0 +1 0 0 +0.3725 -0.0057 +0.1090 +0.0006 +0.0013 -0.0088
2 0 -566 | +1 0 |-1.414] +0.3591 -0.4144 +0.1224 -0.0071 +0.0055 -0.0087
2 0 0 +1 0 0 +0.3719 -0.0055 +0.1096 +0.0006 +0.0012 -0.0083
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Table 2. Regression coefficients for
unblocked Cp model

t for Ho

Factor |Coefficient]  d.f. E:-rl(:))f Coeff. = o|P~Value
Intercept| +0.3716 1 0.00077
T, +0.0079 1 0.00077| 10.379 | 0.000
Ty -0.0012 1 0.00077| -1.566 | 0.148
T2y | =0.0005 1 0.00108| -0.416 | 0.686
z? +0.0063 1 0.00077| 8.247 | 0.000
3 -0.0088 1 0.00077| -11.467 | 0.000
R? 96.87 %

Table 3. Regression coefficients for
blocked Cp model

STD. | t for Ho

Factor |Coefficient|  d.f. Error | Coeff. = o|P~Value

Intercept| +0.3716 1 0.00063

Block 1] +0.0011

Block 2 | -0.0011
T, +0.0079 1 0.00063| 12.614 | 0.000
Ty -0.0012 1 0.00063| -1.904 | 0.089
12,5 | —0.0005 1 0.00089| -0.506 | 0.625
azf +0.0063 1 0.00063| 10.022 | 0.000
x% -0.0088 1 0.00063 | -13.936 | 0.000
R? 98.09 %

Table 3] £%3} %8 Cpo] 3ARIA G
3t #2179 (significance) HAAZHAZHEH F &
EAPANZ Az LA A 2" QA9
W% (bias shif) oz Qs L= BE2a79
dgL +0.00110]91oH 7} 9] 774 (hypothesis
test)[19] Aol wet 22, F(FTER)e] o aFo]
dUAHo R wmstng A-3 A2 5FE(level of
confidence)ol|l we} FARFAA A L7} 713
S ¢ F ok ol2g EF5aHY IR
S EUZ 23)S 2@ 2ol AT & Uk

Cp = By + Bz +Byxy + Bz T, +ﬁ11x% +522x§ tz
= (BU +72) + 81y + Byxy + B1oTy Ty +ﬁ11m? +ﬁ22$§ (4)
= (0.3716 £0.0011) + 83,2, + B,xy + B1oT, Ty + ...

A@e) RGN BFAA A= whx AR
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3] HP%E‘?_) 7J'°ﬂ %—XH’ETLTV_ 0022(22 counts)Tt 05
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o2t} 7|9 AuE 4 Qe oA A Table 4. Block effects of response surfaces
AE Atelel vehdes AAAQ W], wheHSs
= =3 A “ 9= 0 3 = A& o CD CY CL C/ Cm C/7
S #5219 AVl #5eA, s AP G
Block 1|-0.0011{-0.0030|+0.0014{+0.0000|+0.0009|-0.0002
) s Block 2[+0.0011|+0.0030|-0.0014|-0.0000|-0.0009|+0.0002
i Eles 0.0022 | 0.0060 | 0.0028 | 0.0000 | 0.0018 | 0.0004
04 * Effect | - : : : : :
[9)Error
038 » Budget 0.0001 | 0.0010 | 0.0010 | 0.0010 | 0.0010 | 0.0001
0.38
el A52g, 2w AFAT} JEHow A
036 AT F gle AHAFIF F) T o T4
035l ste AR AE Tk
2
\1\0\ S " 33 ¥dx & EMZAT
A - —
275 Table 4= 64% AT oS Wil o
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g E5ads Hlug ddeld. 544 A&
Fig. 3. Cp response surface : second-order HSEAHARS B 98 £ U FEAFe
regression AWE A oF 4~60 counts (0.0004~0.0060)°]
O Factorial Block %6}93\1:} %%5} x—]%o% Toﬂ [q—% 'E‘}L’E‘}:}
A (ANOVA) F-774 Z23}HF-value)[19]<] H]ﬂir?_a
0s Cpel 7% oF 147(91.53/61.97)w1e] #HEH ZF7}
e 2 AL F At ol BRI Z—*.% ey
o3 o el 57 AUE[SIE 471 HAsid e E53) vl
02 - —
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