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Abstract ; Hypersonic aircraft face extremely high aerodynamic resistance and heating during flight, posing
a threat to flight safety and stability. Taguchi-gray correlation method is utilized to study the impact of size
on the resistance and heat reduction performance of hypersonic aircraft. An orthogonal test is conducted,
wherein design factors such as spike length-diameter ratio, airway diameter ratio, pneumatic disk diameter
ratio, and lateral jet angle are considered. The response targets comprise total flight resistance, peak pres-

sure coefficient, and Stanton number. Test results are obtained through numerical simulation. The find-
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ings indicate that the flight resistance is most significantly affected by the length-diameter ratio of the

spike, while the lateral jet angle has the least effect. In regard to the peak pressure coefficient and Stanton

number, the size factors exhibit a similar rank of influence. Among these factors, the length-diameter rati-

o of the pneumatic disk exerts the most significant impact. Increasing the length-diameter ratio of the spike

and the diameter ratio of the pneumatic disk can effectively improve overall resistance and heat reduction

performance. However, it should be noted that as the size increases, the lifting efficiency gradually dimin-

ishes. In comparison to the optimal group of orthogonal design, the optimized configuration demonstrates

an overall performance improvement of 4. 6% , thus indicating a favorable optimization effect.

Key words: numerical simulation ; Taguchi method ; gray correlation ; hypersonic aircraft ; reduce drag and
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Tab.2 Four factors and four levels orthogonal experimental results
R g
ES
A B C D/(°) F/ N C, St
1 0.5 0.02 0.15 45 78.697 1.009 0.022
2 0.5 0.04 0.25 75 63.808 0.645 0.014
3 0.5 0.06 0.35 105 58.756 0. 460 0.010
4 0.5 0.08 0.45 135 62.570 0.386 0.009
5 1.0 0.02 0.25 105 43.194 0.389 0.010
6 1.0 0.04 0.15 135 53.169 0.639 0.016
7 1.0 0.06 0.45 45 54.567 0.238 0.007
8 1.0 0.08 0.35 75 44.624 0.275 0.008
9 1.5 0.02 0.35 135 43.349 0.253 0.008
10 1.5 0.04 0.45 105 52.129 0.201 0.007
11 1.5 0.06 0.15 75 46.405 0.542 0.014
12 1.5 0.08 0.25 45 39.526 0. 344 0.009
13 2.0 0.02 0.45 75 56.852 0.248 0.007
14 2.0 0.04 0.35 45 44.051 0.263 0.007
15 2.0 0.06 0.25 135 33.302 0.256 0.008
16 2.0 0.08 0.15 105 41.950 0.478 0.013

B SR = B AN S R

T 2 I O

0 05 10 15 20 25 30 35 40 45
iES HR2 HR3 /7]%4 P

P4 & & &
VE S Vg NET gl TS

= @ == @ =
UEL = ﬁ%l% HEI HEI2
A-._d ‘I—.d AJ ,;‘.4/
77%13‘ HFR14 HHR15 TF16
= .;‘4(/ .é{ ’-;.4

KIS ARG AL g 1

Fig.5 Mach number cloud map of different cases

HIPEL S RN, il 7 A AL 2 3 1 4 BHL A1

Jai  BEREh A B — R AR B e S I B, —
o RGE L B B L5 O 5 A A K A i Bl oy Y B
B, — TR e TUIE I M 058 22 6 P S DA
IS H -5 D BELAT 2 T ) B U102 % A A L £ o
AR B T I A L 38 Ok Yt 5ek 2 bt , T BT R e
io BEF IR AN TR, o B 75 80 3 1 5 T 3
P IS ONZ PRI SRR s R
ZE 5%, UL R RUST 2o X QAT 4% 14 Dk BEL I AR P i )™
A S IR

3.2 HARBKRIESH

N T AR R R 5 PR RE MR A 5 R, X IR 5E
TR R T I E MR LA o e P A T AL

PR3  https -/ cjam. xjtu. edu. en  BUFAART 1222440



5 6 1]

WURA TR 1A T BB S AL 1259

BHT7 F BIARE i VAR I ) R B C, IR AR
St /B SO B VRFPE O (5 R L, HEE SOA

Rk == 101/ Loy vm] @)
ARy () 955 b AL A MR sy ()

55 ke LI I Xk IO 1) I 7 45 2 5 e 37 B AL IR
BOAPIFEI 0o =10 AREKSPR RSP F%E 0 140

IDASR AR = IR ERALE Y B S PN BUR
ZE53 M LW B — ST PR B — 0 13 H A 14 52
FEPE, AR 2245 A5 0 AT B 32 i e R B TA 1
SRR BELATRAR L 5 T 0] G AR DL T g 2% 20000 87 4
B, A X S B HERR e S A [) 52 0 fee K i) [
TR EAR N, HUCRBHAT R, T AR
ECARNISE £ Xt A S AR A0

%3 FREFKFHMRIEERLHE

Tab.3 Mean response signal-to-noise ratio at different factor levels

F c, St

KV

A B C D A B C D A B C D
1 -36.33 -34.62 -34.55 -34.37 4.69 8.04 3.89 8.31 37.85 39.58  36.06 39.93
2 -33.74 -34.46 -32.8 -34.38 8.94 8.30 8.28 8.12 40.39  39.93  40.01 39.89
3 -33.09 -33.48 -33.5 -33.72 10.11 9.09 10.37 8.82 40.99  40.51 41.75 40.25
4 -32.72  -33.33 -35.03 -33.41 10.49 8.79 11.69 8.98 41.28  40.49  42.69 40.44
W2 3.61 1.29 2.23 0.97 5.80 1.05 7.80 0.86 3.43 0.92 6.63 0.54
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Fig.6 Effect diagram of response signal-to-noise ratio
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Tab.4  Grey correlation degree of multiple response targets

S F ¢, St Rere HEF
1 0.333333 0.333333 0.333333 0.333333 16
2 0.426619 0.476563  0.515358  0.472 847 15
3 0.471373  0.609865 0.659389  0.580 209 12
4 0.436780 0.686145 0.764944  0.629 290 10
5 0.696457 0.682652 0.673446  0.684 185 9
6 0.533246 0.479641 0.453453  0.488 780 14
7 0.516294 0.916206 0.943750 0.792083 6
8 0.667 182 0.845460 0.874855 0.795832 5
9 0.693173  0.885901 0.873843 0.817639 3
10 0.546 603 1.000 000 1.000 000  0.848 868 2
11 0.634 001 0.542505 0.501 661 0.559 389 13
12 0.784807 0.738529 0.737305 0.753547 8
13 0.490784 0.897120 0.906363 0.764 756 7
14  0.678630 0.867595 0.885111 0.810445 4
15 1.000000 0.880837 0.850225 0.910354 1
16 0.724100 0.593693 0.537367 0.618 387 11
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Tab.5 Grey correlation degree of different factor levels

K- A B C D
1 0.503 92 0.649 978 0.456 454 0.672 352
2 0.690 22 0.655 235 0.705 233 0. 648 206
3 0.744 861 0.710 509 0.751 031 0.682 912
4 0.775 986 0.699 264 0.758 749 0.711 516
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