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Abstract: The osculating cone waverider is studied in order to improve its wide area performance,
five parameters, including the leading edge curve function coefficients a and /, shock wave curve function
coefficients b and ¢, and the semi-cone Angle ¢, of the reference flow field, were selected as the design
variables, and the sensitivity analysis of the design parameters was carried out in the range of Ma=4~7.

The second generation of non-dominated sorting genetic algorithm is used to optimize the volume ratio,
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design point Ma6 and non-design point Ma=4 lift-drag ratio as the target variables. The results show a

significant nonlinear relationship between the design parameters and the performance parameters, wherein

the semi-cone angle of the reference flow field plays a crucial role in determining both the geometric and

aerodynamic performance of the waverider. Compared with the reference model, the volume ratio of the

optimized waverider is increased by 7.1%. At the design point of Ma=6 and the non-design point of Ma=4,

the lift-drag ratio is increased by 3.4% and 10.7%. The optimized waverider over a wide Mach number

range shows higher aerodynamic efficiency and lower total pressure loss, with a lift to drag ratio of 4.88 at

Ma=7, which can be maintained at 3.90 even after leading edge bluntness. The optimized design

significantly enhances the aerodynamic performance of both the design and non-design points of the

waverider, and possesses good wide range adaptability.

Keywords: osculating cone waverider; sensitivity analysis; multi-objective optimization;

wide Mach number range; aerodynamic performance

AP KA AR B A R R BRI A
Ji@ AR B B il AR LA R Sl gl A 25 Oy S SR
AR Ao i BT e, L 8 56 R i TR U PR
i 7 AT e B A, AT ARG g TR LM Y
THRELE, B WA 2 5 i T BH L 7 e (9 A R0
e, A e PR AT AR BT A BA AL Y . i
Fe P A NI HE TR P AREH Ty 1)
b3 A NN /71 7 4 NSRS T -9 e LR
et 0} o e P AR FIWI L S T WAR T, #1981 Tk
PREBETT 2 R, IO I8 5 e i A — Ak
BT AE A SC R SR AL T R S0 . AR AR
PRt T — PR 2k AL ] ] 5 A Sfe i AR R Bh
ERBLIJ7 ik, HE— R T AR PR B AT A
B RG MR HAT, FRBRBTH S BR A Bk
P BB A [7] Ao T I — A 25 9 [ A, B AR B3 a5
FAFTYERE T REMI R . XA R 2R BN TR
PR R RN Bl 20 B 4%, 1R S PR RATAE 55
FEE AR E MM B A TR RE . DA, anfer g T
el A AE B3 RAT 26 AF T BB R RE, BN T4
HIPBIFSE r 8 5C SR w2 — 11,

DR T e S SR R P AT N Y B e
RE Ty, ZE R AE 1 B T IO HE = AR B He
Bt TR IR S e B AT AR, X
J7 i AR BT ELRERS R RO XA R RATAE S5,
{H A — Ay 2 TAE SR PR BT Tr ik o Li 1)
&t — Bl A4S Eh R e b kAT AR BT Ik, N
7] B 758 50 DX [ P4, 36 0 T 98 /AT, (HR A AE
RIMACH AR, X2 TR, 1645
ANWIUIF- PN 25 58 AN [R) BT S BT Je 1) 6 B i
oA, S T RMOCH R . SO 25 =
24 45 i B0, SR Bezier M 1A #E — 25 $2 FHEOMOE

ARG E R BE . Ry Tl R TR AR A S R AT
BE T AR R, Rodit™*"™ $2 3 1T 98 7+ J1 e B AR 1)
WEE . TERICA AT ST, FIHTE I S Il s
PERE o 22K PN AP0 45 5 I 238 i R F % D) T
TR PREER D T — BT S AT $ 52 T 45 1 e i A
Wtk AL E SR HACE R, Kkt 5 R
Re il il ) B B ik . BOR SRR T
W )4 R 0] A8 S 4 AR R AR I AR T A AT T
5T . XIMEHRGEP g — 203 T BUS F kR
PR S, 4 T Sk A A Al N S 4 XS TR
SIERE T

B T bR it or ik, KA R A A T LA
2024 e U A s FEBEL L A . Kim 451 %6
HE S B ARSI T TR LA I 5T, SR AR 431545 )
TCRETEBE LU ) s AR 2, (B2 2% IR RE PR IS FHBE LG
T F%HA 2 . Bowecutt £ 1 Corda 25128 2 fE &6 4
A5CNE ) R, 3 3k A 2 B TR o s 1k o) 3fe i {4
AT, AT T = FHRE SR e 1A, 2R 4 R AT
FIER BT IR W R E X, 565 S% R E
B SRERE TN R B SRR T A AR AR
L5 o Takashima®*>" 45 ] [a] 3 7 3fe i 14 119 %
Ke—RAAT SR IF R T AR ST, 25 S 3R I R A
Jei LB S AR A A R AE LA 2 AR Ak

AR W) ) A P AR v i O T R T, (H 2
HBOt 280 2, HAM S AT 2% 1Y PR BE,
i H e =Z 0 22 BAE A RA 3 AL
N, BLHEC R B RATATEART RITAM TR R I,
SR, A% G2 1 S EAL I 58 T A% B & S 8O R
Sl Pk RE Bk Sy 52, E DA ME R S S8 8] 1Y A2
HAEM. 55, AR ZE T ER TR TR
e P AR B ARPERE A OLAR™, IRt 2 e i AR kIt

20240804-2



9

RIBULAE: SRRV A S KR o A 5 0 A B

FAFT BB ERE

MBI AT BT R A, e AR BT AL
RAEBTE MR 7, B ZRAEBEA T HEA
WEA BRI TERER . X EWE TR
Ao i R B A T S RO SR e MR T e AR ST
R AR BT B 5 R R R AR A, O 78 1 il
AT AL . R, AR SC L2 i i W) ) Sfe
PR WEFERT G2, B X e Y MR 19 B3+ 2 itk Ay
BEORRAE 23 A, 52 R NS 3fe R 1 RE Y 5 R A
AR IR G G o S Bt AT AR R B T
IR [R5 TR el (A (Y 2R B A | BT A Ma=6 5
ARV K Ma=4 BB THRLLE, 18 A i 2 FH AR
P it AR AR A5 3 R S8R AT B MERE O R E JL AR 3fe
WA T7 %

1 MIYIsR R B ER BT

h T WG SIS R WA I A 1 < B 1
AR SRR T ARy S B 4~7, HARSk I
e 1 B, Horh HON @B, T, i, po N
HIE, po WS, SEHCSBRECH 6 V8 it ik AT
W)U P AR . TR AT 2 i 2k (FCC) 2R H
T PR RIS [ 26 A 21 A LA T o R e e S
BNk RE, PR LR (ICC) 1k FH % R 25N 28 L
TR 003 07 AN I 3 A v, ELPR LR 1, X
(D) F(2) o PP R T ik T3 1 PU B Runge-
Kutta % 3K f# Taylor-Maccoll J5 & 3k 15 3 fE i &7,

F£1 AR UTOHETRER
Table 1 Incoming flow conditions at different flight

Mach numbers

Ma H/km TyK po/Pa po/(kg/m*)
4 20 216.7 55293 8.9x 107
5 23 219.5 3466.9 55%107
6 25 221.8 25492 4.0x107
7 27 223.5 1880.0 29%x107
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Fig. 1 Curve of osculating cone waverider in the exit plane

PERCIE SRR BUR/ S $158 T AL TR N a2
1S SR [30], LARTECR A A I, KL,
VSR BT 5 Ma, 2EHEA 6., FCC H1ZE ok
Boh iy 250 a F 1 DL ICC Rk sR B i) 250 b
Ml co 5 3 3fe P R iy MEfig DL R 5 il — Rk
Bl T R R Z M A bR B T R 8 C,.
FH 1 25K Cp FHRLLL L/D 5B np, A S &
B Cyy VA BAE T A RS T AR 1 B EWK R R B o 5
e LR (3) ~3(7) .

az?,0<z<1
y= 5
bc— VRc— (z—ac) " ,z>1

Horfta, A1 b, R iz A il 2R 5[50 AL AR, R, R z=1 4k
R, Hida f1 1 RB

(D

y=bZ+c @)
Horb, b Al e 9 R HL

n=V"/A (3)

1 2
CL = L/Ep()VOA (4)

1 2
Cp= D/EPOVOA (5)

1 2
CM = M/EpOVOALW (6)
O—:PtC/Pt() (7)

Ho vy MR, LTS, D o B, M
AR T3 56, T35 S5 5k o e ik ik b R 5
Xof AR T 38 2k A R S o VO IR IR IR, 2%
1A A4 WO I R K R g A, 2% K Ly I
Te P AR B 42K 1000 mm. p AR ETE, P R
3 Y A RS ThT TR T AL R, RS T T R T e X
Shy JES AT R 2% B00% 5 5 2k R 2k B0 X, A
WA W B 5 2, 1 TS 258 ASBUK 265 %
WAL o

M52 2 o R i S T S 508 20 T )
T AR FEAEFY T, JE/E WRI, WLIE 2, 3X — A4 7l
NGB Z B3R At T — > R A0 £, AE
A SR UE BTy ik B R AT M AR AR T o

F2 FHEEERLTSH

Table 2 Reference design parameters of waverider

0. A a b c
8.5 0.40 0.275 0.45 -0.59
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Fig.2 Axonometry of the reference osculating cone waverider
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Table 3 Calculation results of different mesh size
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Table 4 Wind tunnel experiment incoming flow conditions

Ma Re T,/K poJ/MPa a/(°)

4.96 3.1x 107 376 1.5 —5~25
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Fig. 6 Comparison between numerical calculation and

experimental schlieren of 0° angle of attack
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Fig. 13 Pareto front of the three objectives optimization
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Table 7 Design parameters values of multi-objective

optimization waverider
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Fig. 14 Multi-objective optimized osculating cone waverider
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Fig. 15 Performance variation curves between reference
configuration and optimized configuration of waverider with

different inflow Mach numbers
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Fig. 16 Contour of the bottom Mach number of the waverider
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Table 8 Performance parameters of waverider before and

after bluntness at different incoming Mach numbers

Ma  R/mm L/D C, Cp Cy o
4 0 590  0.059 0.010 0.037  0.97
3 4.54  0.059 0.013 0.038 096
5 0 547 0.052 0.0095 0.032 0.95
3 433 0.052 0.012 0.033 094
6 0 517 0.046 0.0089 0.029 0.92
3 4.09 0.045 0.011 0.029  0.90
7 0 4.88 0.041 0.0084 0.027 0.88
3 390 0.039 0.010 0.026 0.86
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