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Abstract By taking a Blend-Wing-Body configuration with dual flanking inlets layout as the baseline, an aerodynamic
shape optimization study for the leading edge of the vehicle is carried out. An increment-based method is developed tc
parameterize the leading edge, and the uniform design method is taken as the optimization driver. Totally 31 configuration:
with different leading edge shapes are generated, and then the aerodynamic performance of all configurations are evaluat
by computational fluid dynamic simulation in the cruising conditions of Mach 6, flight altitude 26 km, and flight angle of
attack 4. Numerical results show that the relative variations of the lift and the dratjceats in whole design space are
21.3% and 31.8%, respectively. Consequently, the relative variation of the lift-to-drag ratio is about 10.63%. In contrast,
the maximal value of the relative position transition for the longitudinal pressure center is only 3.87%. Besides, the results
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also indicate that there is a proportional relationship between the vertical project area and the lift or @ieigruise

Finally, the dfect of the leading edge deformation on the aerodynamic characteristics is analyzed on the basis of the
results, and some primary rules are concluded. A concave shape of the leading edge is benefit to the improvement of th
lift-to-drag ratio, while a convex one leads to a large lift fiméent.

Key words hypersonic airplane, air-breathing vehicle, shape optimization, parameterization, uniform design

E1=

WA e RAT AR R AN R 2 R
RE, WA k. $H] . MRl A % 2
B e A R, — R MU RS R 45—
AT 7 %6, AR ©AT A8 BB T, i
JEAEPHUCHC R R B 3 21 tHh4t Lok, 6 X-43A0
I X-51A80 HORIGIE CATAR IR &, s b
BB O TR, TS Bt it SR-72
P P KL & HSSW il 4T i i 88 25— R A 5T
THRI BY, 31— 30 3R B AT 38 0 TFUR 41 43 T 1) 5
FACTIFFCHERE. A SC T AR T B 0] w75l LA
SRR S BRI

e 68 T ML A AT L T IR B 4 20 4D 80
AL E 2K KHL (NASP) -8 12 [ 19874 %)
PEOL Ak 181 2 HH 2 5, TR Mk I R 1 S A )R
FRUAIRAT G, X IR R[]I ) T e o i T B
FE RIS ) R 4E A I AN A, AT S C AT 28 AR
SINLII T K. O IS5 1 AR Y (W k5 g
T, AT — B2 B EA, JF7E 20 40 90 AR —
JERCARE 3 B4, B AR A AN WA 0T 5T R
7/%%% [18-22]_

E T FRiE IR AR i >F, ARG, AT
FERZ K FIN R ST B 5 1R ARAE P 28 F, g7
AT ERK)E ) 60 m~ 110 M6, (HIX SEL kAT 8% K
R BN HE LY RIE I . Bbab, 76 Fei i &
B RAWUIEFE LR 8l MRk kg, T
TRAT RSP 30 B T B L FRAR, B ik i) 5, A2
o RO HR K /AT AR LRI A MU FINL 3 B 5 53
MVt CLE—D SeE AR R A2
PR R T — R R SR T 5 AR e )
#], AT TR AR M B BRI v oy
1y AR P2 SR R e v, AP R A
RGNS pr AR BEAT AR A v, BT e FERE bk
AN RE.

LGRS AT SR AR B, S5O EE S A K 3R
AN FBCE T RAT A O s RS, R BIHLAN IE ¢

AT AR NS, 70058 [E “FALCON” X T
P2 H 1 R A KA T A (HCV) 31 [ R 4
TP HTA S “Busemann B i — AL BT 1 5541
B MEREWT ST TAE R 3 B4, SCHR [25] $2 T — Rl
e AR TE e T PRI T AR BT 7, ARl Bk
2% L8 N ER ARG ORI I, SR FH 3R B R A 1)
a1 L VDI B LY IV vy (AR W R R T R )
WOHT T AT 2 AT G A et Ho gl M R . 3¢
Mk [26] BB TaxX ik, T8k ok e i A IR It
Z e RPINIIE BT, 4T — R HA sk
SO,

A SCLASCHR [26] 25 H 1R SR A4 55 ik < — 44k
R R FEUE AT B8 AME . LA HT TR AT AT #
FEBE Iy Be By F B H bR, SR BAT R R
HAEIE I PRI S  S H e, RIS
S BTV RO AR S M N AR R RV AN
[F) i % R 4 1) RAT i 1) B el ook B AU R 1 LS
NBH, wlaE T ES RN &I S 8 24
RO RT3 HT. 5 R, RATER AT SR I
TR 1 S ey R, werk S Il Iy, BR
FATHBA L AR AR S FE 23591 49 21.3%, 31.8%F1 10.63%.
FEZ R, Ghm He O AR FEAY y 3.87. 45 ik 3k
B, RAT S BOE T AR DA K AR R S 4
Ee L EAiNER PSS

1 BB I R I REIT A

1.1 FEEMBIE I

WA VT BT FH RS A 2R 452 R A SCR [26]
O ANEBURE, AR TR, UM k. L
SRR E R = L TR, KT T ARSE T
KT A e 8 Xo F Al HE v TRl A Ay B v E R AL
h 6 IAHE I AR, AT SRSl B N H L, LA
WU BT S B2 2, 955 A 2 00 A B 52 . e g
VR IR TR 1) 2 £11 A 90° , A5/l A i 4 00 43 31 v
300, TP AR PFHE IR i 2 &L, LAy MRH
1. B I RGER P G R R B R & 10 Bk v



292 Vi =2

2 EiCd 2016 4 5 48 &

by
_\'LZ
el :
B ¢
s

Y

A

B 1 S AR IR (Je) =R ()
Fig.1 The éfect drawing (left) and the three-view (right) of

the baseline vehicle
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Table 1 Size parameters of the baseline vehicle

L/mm Lp/mm W/mm H/mm Hp/mm
7225 1400 2936 570 10
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attack (continued)
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Table 2 Boundary values of design space

Variable Lower bound Upper bound
A/Aw -01 0.3
P1 0.1 0.4
P> 0.0 0.1
P3 0.2 0.8
Py P3 0.8
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Fig. 13 Relationship between geometrical and aerodynamic parameters
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