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Abstract: In order to further study the flow characteristics of the geometrically asymmetric hypersonic inter-
nal—turning inlet, a basic flowfield contained multiple shocks and isentropic compression waves are designed by
the method of characteristics, bi—-module inward—turning inlets are then designed. Through the combination of nu-
merical simulation and wind tunnel test, the internal and external flow characteristics of the internal turning inlet
are obtained. The research results show that there is a large amount of boundary layer accumulated at the corner
area corresponding to the maximum radius of the inner turning inlet, which is driven by the second shock wave/
boundary layer, rolling up a conical-shaped vortex at the foot of the shock wave. In the internal duct, the lip
shock / boundary layer interaction is fairly strong. A circumferential pressure gradient pointed from the cowl lip

to the compression surface is formed, which induces the internal boundary layer to converge and roll up large-
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scale vortices. Simulation and test results show that under the condition of incoming flow Mach number of 5.74

and angle of attack of 0°, the inlet aerodynamic performance is excellent, among which the outlet total pressure

recovery coefficient reaches 0.58, and the maximum sustainable back-pressure is 112 times.

Key words: Scramjet; Inlet; Shock wave; Boundary layer interaction; Streamwise vortices; Basic flow-

field
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Fig. 1 Basic flowfield of inward turning inlet
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Fig. 2 Illustration of the forward captured shape of the inlet
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Fig. 3 Designed inward turning inlet configuration
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Table 1 Experimental conditions

Parameter Value
Nominal Mach number 6.0
Actual Mach number 5.74
Total pressure/MPa 0.86
Total temperature/K 672
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Fig.4 Test model of the bimodule inward turning inlet
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Fig. 6 Numerical and experimental surface pressure distributions
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Fig. 9 Numerical and experimental transverse pressure

distribution comparison
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Fig. 10 Pressure contour on the external compression part of the inlet
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B, MR Y — 3%, HERGESN RS R E R
TE P D RN — TE A A AL X AR —
T3 WO 1) D R 3%, 33 RN A STk
BELR N HE B A OG0 X T I D RN A R T 6
e, L P AV R A S B AR R — 1A R
o B A AR I R B AL E . N R LLE F
Hh T R O A B O O R B R A 0 Bh 4
B G X EER W TTERE HREK B AT A RO
55 5 SOk s B2 TR s AR REA AT
e B, T LB S B 1 A2 I B R T A — R B
YIZ o SR, X Fh i il /s L2+ P B4 A8 53T A X
DS R AEF 28 .

N T EARBLG, E 13 LI AR RS T
x=430mm K T 4 8 N 1Y JE 0] 7R 7 43 A (OB A b rh s
W TR Z AR O B o R AT LUE 2 JE 1)
JE S35y i ARAS I 57 A6 1 1K C AR A7 AE— A R TR A
AL TE C s AN X A7 AE — AN AR KA J8 1 R B 3, A
F I FRENE 14 8 R T s K aeE R . Bk
T JE] )R T 3 A R AE 2RO A X C B o R R
PO S OB R D R e R R
TE A AE AD T 18 3 R 0 A0 A0 5 )2 T
Pe G, 55— J5 I, & S sl RN BE BT CD - i B
=313 A g IR S KR @5 =t R V3 E S e
HEFR A RO 0 T T M A S A A5 I P T RE GRAA Y
ia AR AR AR H A 4400 TE R A0 )2 TR
L BRAE D b i B2 1 AD IS, I A A X

1200 plp, 80

180°

210° : 330°

240° - . 300°
270°

Fig. 13 Circumferential pressure distribution on the inlet

surface at x=430mm

L I .
plp, 682 856 1085 1746 2979 3947

r’/
Separation line

Fig. 14 Shear stress lines adjacent to the throat of the duct

D B 3 HE BB B IR BE W AR OF r B o 0 B 2 A B
PR BE— 25 ] AB T 7 1) 32 B, 9 4 16 23 1 A0 n 14
14 T 7R B 23 B4R o 24 0k SE IR RE il 1R B8 £ X A T
Ui, kS B sh. BS54 T A CD Tk

210106-6



$a3E W e Uk

#HoR

2022 4

W — R0, R honl DR B 8 b CD T
BE R AE 5 S 0 VR F R Az shita 34 it T BC i
B I RE R R, ER T AR A ) R B A AR A L
faX crfixX B mizsl, MK 14 iR, X H CDiz
ot K MR RE R AR R B C— BT B 3K B Wi AR 7E AB i
HH B 2 J5 A — A KRB B U 1) 105, a0 &1 14,15 BF
TR o A I 3R A ASE B R R L AT X R B P 2 R T
7 F 8 3 P E AN — R X RN R A B
X PRI G . R, % T % 2R 0ERGE | TR B
FIAE I8 RE 1R 3 B2 VR 3K 3 A I i B2 A 1)
S ) 1 B A2 7 A AL I A T B A
33 MWERNEBEXHSENSEERE

T TAT 2 2 25 A S U B iy 7 X 3 <3 7 3 3

Fig. 15 Three-dimensional streamlines originated from the

line near the side wall

140 ¢
120F Ma=5.74, 0=0°
100 F

- 80:- ——o— Unthrottled

< 80Ff

S F —e— AR=1.00
60

—a—— AR=0.88
—e— AR=0.78

R W sh ke | I A T R BB 0 xRS
RAHPILFaE TAERMERAEEZE L., 164 T
AN T) 3 S B A% AR 0 S PN YV AR AR S R 4 A il
2o IWEIHAT LA 2], HE67 1(AR=1.0) IR Bk &
v F a=510mm £ 47 o B, 35 2E BN — S 2 )5, 3%
W E KT E 4=385mm, X MR R T EER
T U0k H RS TE N R ST O A S B T
J 4 17— 0 Y i B2 AR S AT DL Rk 2% vh ok ER
DAL IR 30 A B, EL R S 0 A S L 3
i X T B — ), an sk, e R B EAIX B
D I iz gy, Ak i 2 AR S0 H P I S
i U 7E T B — ) s S, DA A A5 LV AR R ) 2 B
PR RURRAE . M ARSI NS E N E
HE— L3I WO R R BLRT A% o 7EHE A 4 (AR=0.68)
RSB, s IR R Sk U R R T O R E R
T B, DO T8 P B R 3k B T B KA, gkt
TR NG S 2 IR B ARRSIRE . £ 241
T 3% U e AT R Ma,=5.74, T HA a=0" IR SR
(< B e 2 80, HorP o = A R BE S RO R T
75 JEL AR AT 0 30 R A TR HE A A I R
280, 0 DUE 23 AGE B RE KA, R R
ZRBOTES] 0.58, K 5 AR AT e RSt R A E] T
V25 ki e . o T iR B HER AL 8 ST
FUEC AR O B8 ME H 01 300 38 17 BLRD 1 AT T R Y
R

200 300

400 500
x/mm

(a) Ramp side

140
120F  Ma,=5.74, a=0°

100
- 80F — 7 Unthrottled
S b T AR=100

F —— AR=088
40r —e— 4r=078
20F T v AR=068

200 300

400 500
x/mm

(b) Cowl side
Fig. 16 Surface pressure distribution with different throttling ratios
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Table 2 Aerodynamic performance of the inward turning
inlet under Ma=5.74, a=0°

Parameter Value

Numerical total-pressure recovery coefficient 0.58
Numerical exit Mach number 2.74
Numerical static pressure ratio 21.75
Experimental maximum sustainable pressure ratio 112
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