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Aerodynamic layout of spanwise truncated curved

waverider-compression inlet

WU.Ying-chuan, HE Yuan-yuan, YU An-yuan, LE Jia-ling

(Science and~Technology-on Scramjet Laboratory,
Hypervelocity Aerodynamics Institute , China Aerodynamics Research and

Development Center, Sichuan Mianyang 621000, China)

Abstract: A new, osculating curved cone (OCC) method for streamlining tracing axi-
symmetric flew fields of isentropic compressing waves was used to design the waverider low-
er surface ‘and inlet lip inner surface. The waverider surface was spanwisely truncated ac-
cording to the constraint of the vehicle’s and engine’s width. The numerical and experimental
analyses show that OCC waverider inlet has some advantages compared with the same com-
pression ratio four-stage ramp inlet. At Mach number is 4.5, the new inlet’s capture mass
flow rate increases by 12% and total pressure recovery coefficient increases by 39%. At
Mach number is 6, the new inlet’s capture mass flow rate increases by 4% and total pressure
recovery coefficient increase by 50%. The supersonic combustion ramjet engine’s perform-

ance is efficiently increased too.

Key words: inlet; waverider; OCC; streamline tracing; aerodynamic layout;

aerodynamic performance
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Fig. 1 Basic flow field of curved cone waverider

compression inlet
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Fig. 3 Osculating curved cone method
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curved waverider compression inlet
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Table 1 Incoming flow condition

R BIR/ O BIE/ O ERR/ IR/

k% K MPa K Pa Ak

4.5 1000 2.0 212.37 6267.3 1.389

6 1500 4.53 202 1906.88 1.3845
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Fig. 7 Flow field comparison of unstart and start inlet
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Table 2 Performance of four-stage ramp inlet and curved waverider compression inlet
R it L i £
4.5 6
4 A1 158 B VUi 7 ity T 3fe 5 VU i 7 iy T 3fe 35
i 2l 1 fE FAEsh FAEsh FAEsh Az
H 1T Ma 2.256 2.319 2.654 2.83
A 0.627 0.707 0. 885 0.922
BEWKE R 0. 483 0.671 0.363 0.544
H O #fE/Pa 77400 97 340 76042 62216.7
H R /K 534 529 730 662.478
Bl ES 0.848 0. 887 0.935 0.949
I 1t 229 149 341 292
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Table 4 Performance of engines of two different inlets

KRR/ BB T/ AR T/
MPa N N

AL L

N 1.2 1. 40
Mhimsd 1.2 1. 34

—3611 —1147

—2335 0.02

3 & i

Xof T T 3R U 4 i KT L B TR U0 P
TET 118 55000 T2 R R 4 2 AT 9 . AR T i I
A B IRE A4 S0 DA T A A A A K Y Al AR
i AR T

B -5 XU 12X g 5 5 3 W . ity T Sfe Uk
QFELWJE'3*@“%174&?H35’]@032?V*TL1L
AR EL A RBE 7 L R R &L U R

R

S % 3k

[1] McClinton C R, Rausch V L, Sitz J, et al. Hyper-X pro-
gram status[ R]. ATAA-2001-0828,2001.

[ 2] Delma C F,Reubush D E,Mclinton C R, et al. The NASA
hyper-X program[ R]. IAF97V407,1997.

[ 3] Ferlemann S,McClinton C,Rock K,et al. Hyper-X Mach 7
scramjet design,ground test and flight results[R]. ATAA-
2005-3322,2005.

[ 4] Bahm C,Baumann E. The X-43A hyper-X Mach 7 flight 2
guidance, navigation, and control overview and flight test
results R]. ATAA-2005-3275,2005.

[5] Joseph M H.,James S M,Richard C M. The X-51A scram-
jet engine flight demonstration program[ R]. AIAA-2008-
2540,2008.

[ 6] Tamar A M. Air force world. second X-51 test cut short
[J7]. Air Force Magazine. 2011,94(8) :17-20.

[7] Graham W. First X-51A hypersonic flight deemed success
[EB/OL]. [2010-05-26]. http: / www. aviationweek. com.

[ 8] Duveau R H,Novelli T E. Aerodynamic performance anal-
ysis of the hypersonic airbreathing vehicle JAPHAR[R].
ISABE 99-7286,1999.

[ 9] Jones K D,Sobieczky H.Seebass A R, et al. Waverider de-
sign for generalized shock geometries[J]. Journal of Space-
craft and Rockets,1995,32(6):957-963.

[10] HE Xuzhao, LE Jialing, WU Yingchuan. Design of a
curved cone derived waverider forebody[ R]. ATAA-2009-
7423.,2009.



E SR R0 A5« J i 48 DT it i 3fe I8¢ R 4 A RUE KB A R 1575
[11] HE Xuzhao, LE Jialing,ZHOU Zheng, et al. Osculating in- HE Xuzhao, NI Hongli. Osculating inward turning cone

[12]

[13]

ward turning cone waverider/inlet (OICWI) design meth-
ods and experimental study[ R]. AIAA-2012-5810,2012.
BB AR A5 AL 2 0 b 10 SR Dl Ak < B T vk AN R 43 B
[J0. J1%23]% ,2011,43(6) : 1077-1082.

HE Xuzhao, NI Hongli. Osculating curved cone (OCC)
waverider: design methods and performance analysis[]].
Chinese Joumal of Theoretical and Applied Mechanics,
2011,43(6):1077-1082. (in Chinese)

B B A5 AL, B D) P R D A T O ik R R 43 B
[J0. J1%F2%4# ,2011,43(5) : 803-808.

[14]

[15]

(OIC) waverider design methods and performance analysis
[J]. Chinese Joumal of Theoretical and Applied Mechan-
ics»2011,43(5):803-808. (in Chinese)

Sobieczky H,Zores B, Wang Z, et al. High speed flow de-
sign using osculating axisymmetric flows[]J]. Cinese Jour-
nal of Aeronautics. 1999,12(1):1-5.

B VIS R N ) Biiaa B E | R a2 oY - R N
FEBFFELC /7 55 - L0 4 O 5 i s = AR 1 AT
12242 ,2012:82-86.



