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Boundary layer bleeding of three-dimensional compression
hypersonic inlet

YUE Lian-jie, YE Qing, XU Xian-kun,
CHEN Li-hong, ZHANG Xin-yu
(Key Laboratory of High Temperature Gas Dynamics, Institute of Mechanics,
Chinese Academy of Sciences, Beijing 100190, China)

Abstract: Various methods of boundary layer bleeding were investigated to control the
streamwise vortices generated by shock/boundary layer interaction in the isolator of three-di-
mensional compression hypersonic scramjet inlet. The boundary layer flow patterns were
visualized by oil dot technique and numerical simulation. And the effect of different bleed-
ings on inlet performance was then analyzed. It was revealed that the streamwise vortices
were mainly attributed to the boundary layer separation on the sidewall, and the bleeding on
the sidewall separation is effective. Compared to the bleeding around the attachment line,
the bleeding on the separation zone remarkably reduced the boundary layer separation and ef-
fectively diminished the development of the vortex structure, which ultimately contributed
to higher total pressure recovery at the inlet exit. Moreover, the flow uniformity was im-

proved as the bleeding area increasing, while at the cost of more mass loss.
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Fig. 2 Oil flow patterns and numerical streamlines on the ramp and sidewall without bleeding
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and the abnormal point in Fig. 4 Streamlines of the boundary layer separation

the recirculation zone and the contour of total pressure

recovery in the isolator
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Fig. 5 Schematic of the sidewall boundary

layer bleeding
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Fig. 6 Numerical streamline with intensive bleeding on the sidewall
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Oil flow patterns under different sidewall boundary layer bleeding method
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Fig. 8 Contour of the streamwise vorticity at the inlet exit
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Fig. 9 Contour of the total pressure recovery at the inlet exit

K10 F A A A

Fig. 10  Contour of the Mach number at the inlet exit
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Table 1 Numerical performance of the inlet
Bleeding Static pressure Mass capture Total pressure Bleeding flow
model ratio ratio/ % recovery/ % ratio/ %
No bleeding 15.2 92.1 55.1 0
Bleeding a 14.1 88.2 56.5 3.9
Bleeding b 14.0 90. 6 57.2 1.5
Bleeding ¢ 14.1 90. 1 57.8 2.0
]?;E'Eﬁ:l\:gﬁ\i%% o {}ﬁj% jing: Nanjing University of Aeronautics and Astronautics,
2006. (in Chinese)
Q:l: 1 [47] Trexler C A. Performance of an inlet for an integrated
Za Tk

AR SO T = s 4 2R I SR S kS
AT 2 T 7 BR  B B E R R R T A
[Fi) 147 6 1T J2= ol B 0 0 T R 8 B 1 ey ) 410 1 A
AR TN 2

1) JC A IR I, =TT s 45 2~ Bl 8 BOAT AR A
R/ B T = PR e B B X R E R
TS H TR HE 8 R T 23 W 5 T L DR Ak ) B
WA A 2 4 2 8 i A Tl B B AT TR R T = T TR
26 HE B BT R A1 R RUEE TG 1) o BR R 7 20
PEAT 4 .

2) B il % 1 25 2R 5 e AL L A AR R S
Z . AEFE B L B 30 il 82 B 1 )2 ey T R TR E 4200
5 B B B 1 I B G ) OR8] BE
3 15 DXl RE 68 A T I R BOR S LA

3) A RE RRF i J= S v DX Ak B A A T 0
WA TR 2 ) 2 8 Bl - MR S L Al T R R B I
i BT 8 R I S5 O 1 e ) RUBEE L R R T R
H SRR

4D el B 16) e B B o 28R B BE ) 7 X
il % T B AR 4 R TR S AT 1) 36 7 98 BE T ) L
— /N TR i T ) AR AN TR il R i AR
F4 1 R o 1 B O 40 O 0 0 O R e S L
RE B9 55 ORI i 5 2 IR A IR R

S 3Hk

[1] Smart M K. Design of three-dimensional hypersonic inlets
with rectangular-to-elliptical shape transition[]]. Journal
of Propulsion and Power,1999,15(3) :408-416.

[ 2] Holland S D, Perkins J N. Internal shock interactions in
propulsion/airframe integrated three-dimensional sidewall
compression scramjet inlets| R]. ATAA 92-3099. 1992.

L3 At MR R & Sl i o i =Xk < Bty sk 5t
[DJ. B 5T« B AL %S i K K2 2006.

JIN Zhiguang. Design methodology investigation of three-

dimensional sidewall compression scramjet inlet[ D]. Nan-

L6]

7]

[8]

L9]

[10]

[11]

[12]

scramjet concept [ J]. Journal of Aircraft, 1974,11(9):
589-591.

Trexler C A. Inlet performance of the integrated langley
scramjet module (mach 2.3 to 7.6) [R] . AIAA 75-1212,
1975.

SERING. A o R s AL = 1 4 X SO T P R Y
(D b xt . i B2 B J1 25 58 7, 2008.

GONG Peng. Investigation of three-dimensional compres-
sion hypersonic inlet. [ D]. Beijing: Institute of Mechanics,
Chinese Academy of Sciences,2008. (in Chinese)

M HEM o L SR A5 =T 4 X o S R T R
SEEMWFFELT ], 25 Ak T3 ,2008,22(2) :64-67.

XIAO Yabin, YUE Lianjie, GONG Peng, et al. Research on
the flow pattern of three-dimensional compression hyper-
sonic inlet[ J]. Journal of Experiments in Fluid Mechanics,
2008,22(2) :64-67. (in Chinese)

U IR - A T = AR R P R B A PN U 3 T T 45
4 B AR LT . 1 B R R4 . 2001, 23(6) :5-8.
FAN Xiaogiang, LI Hua, DING Meng. Numerical simula-
tion of 3D turbulent vortex structures in isolator [ J]. Jour-
nal of National University of Defense Technology,2001,23
(3):5-8. (in Chinese)

o) 22 55 R AR i R R Sl LN X O3 T R v g L DL
dent . th B R BE 15 WF 58T . 2006.
XIANG Anyu. Investigation on sidewall compression
scramjet inlet[ D]. Beijing: Institute of Mechanics, Chinese
Academy of Sciences,2006. (in Chinese)

FETR AR B P S Bl A X R R A
EPERE R (], A= 3 J1 % 4R, 2009, 24 (4): 918~
924.

WANG Weixing, YUAN Huacheng, HUANG Guoping, et
al. Impact of suction position on starting of hypersonic in-
let[J]. Journal of Aerospace Power,2009,24(4):918-924,
(in Chinese)

FAIE L T XM R S O S AR T
FebELT ] i as 244, 1993,14(9) :449-454,

WANG Shifen, WANG Yu, LIU Peng. Surface feature in
hypersonic swept-shock and boundary layer Interaction
[J]. Acta Aeronautica et Astronautica Sinica,1993,14(9) .
449-454. (in Chinese)

Korkegi R H. Comparison of shock-induced two- and three-di-
mensional incipient turbulent separation[ J]. AIAA Journal,
1975,13(4) :534-535.



