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Investigation of Leading Edge Bluntness Effects on the Performance of
Two-dimensional Supersonic Inlet
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(1. China Academy of Aerospace Aerodynamics, Beijing, 100074; 2. China Academy of Launch Vehicle Technology, Beijing, 100076)

Abstract: Numerical investigation on the characteristics of a two-dimensional, mixed-compression inlet with various leading
edge bluntness is presented. Effects of leading edge bluntness on the self-starting ability, aerodynamic performance of the inlet at
design and off design operations are acquired. Results indicate that, with the increase of blunted radius, the self-starting ability and
mass flow capture of the inlet are deteriorated, the backpressure tolerance capability and critical total pressure recovery coefficient
goes down, while the drag coefficient rises obviously. 5% decrease of mass flow ratio is observed while the backpressure tolerance and
critical total pressure recovery coefficient drop off at least 8.5% for the design operating point. Complex shock wave interference
pattern forms due to the oblique shock waves from the external compression of the inlet intersecting the bow shock wave produced in
front of the leading edge with the variation of freestream Mach number and the angle of attack. Diminution of flow separation in the
inner side of the inlet lip is observed with the increase of blunted radius at a high Mach number condition. As the angle of attack rises,
the influence of the bow shock wave induced by the blunted leading edge on the performance of the inlet is found to be weaken.
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Fig.7 Variation of self-starting Mach number of the inlet with

different blunted radius

42 REhMtERE
42.1 HibAR

KIS H T Bt DB Ma=3.0 i, HE< T8 114 R
¥ GRERED. pJp, CHHIGHRKIELED . 0, (H
s F e SRS RBD BRIttt 2. B
JEGELE G R, S IEMTBIERE TR MEZ4l
42 1 0 mm 38 K% 3 mm i, BIERRERECT
F%5.3%, e RPLERE R G Fa B IR R 2500
BT B 9.1% F1 8.6%. X B2 i Tk < IE wy & sk
Ja, TEIR4ETH AT ME AT r=4 T 5 - Bk
B, % TR S SIE B PR TE A RHBOR B S NG
BB ATV, SBT3 0E i sh M e K A&
A

0.99 204 40.59
098} 1200 Jo.s8
097} 196 |y
0.96} {192 ¢ .
~ o9} ] 18.8\25_0'56 ©
0.94+ liga 19
093} ¥ 1180 1054
09350 05 10 15 20 25 30 330 0%

R, /mm
8 HSERURENERERE P H R AL (Ma=3.0)
Fig.8 Variation curves of the flow performance of the inlet with

different blunted radius (Ma=3.0)

BOZH 1 Ma=3.00F, ANFEIBEALTT SRt IEN S
i E NS

2025 4F

| |
Ma: 0 04 0.8 1.1 1.5 1.9 2.2 2.6 3.0

-0.05 0 0.050.10 0.15 0.20 0.25 0.30 0.35
x/L
a) TEL, R, =0mm

1L AN

Ma: 0 04 081.1151922263.0

x/L
b) Jr%4, R, =1.5mm

Ma: 0 04 08 1.1151922263.0

-0.05 0 0.050.10 0.15 0.20 0.25 0.30 0.35
x/L

c) Ji%e, Rlip=3.0 mm
B9 ARARHARENDHEEFERE(Ma=3.0)
Fig.9 Contour plots of Mach number for different models (Ma=
3.0)

ML 9 Hh e 448 THT AT 25 16 = 3 ORI T LAE Bl
ARG K, ARy 1A A7 B KR HH AR 4 IR T
BHERIE —RART, B — R T AR 0 RRECR A
AUk 5 TR RS0 5w R m AMmAHIREL, - i -5 2
T AR A JE T BT NS A B R S
HAEM GRS, IR E . SFER, B
P ) RO 52 T8 AT 27 AR 1 5 TR B e e, BB
FABEEAL AR B BB IO, AT R SOE B )
SRl B IR HT TS o

K10 45 1 AN [R) B  J7 2 1 o /<0 B T 1 2 7
JEAi. HE10am LG, B BGEAIER,
J& 0N SR IS8 T8 T 5 R DR T3 K, 386 7 S T ik
N, BPE T JE VNS0 B S S BT R R L R B
FLORFEDRTS, AT 30T ILAE N I 1 s S 5
W2 DTS, RGO T B A0E R B I A7 B AR
WiRGA% (B10b o x/1=0.30~0.36 JE D . HEARIESE



541 SKRPLIEE B SEIARHE A oRESE T RS AT 5 85
HIJE N SR S FLAE PN AL TE 1) I SR o B A ek 1.05
59, {HHTE48H /2 A S 1 5 T AR SR B0 5 B AR 1.00F »\\‘
Ko LS80 T HEAOBTE S I ARG 10T 8RB 0937
. N " . s D 090
SN, HEARGE R SRR R, PR R RE S0 > el
55, I E R R T ol
| [
7.0¢ 0.75F | 2 a3 's
6.5H —— &1 R, =0mm 070 ——
6oll %2, le=0.5 it -05 0 05 10 15 20 25 30 35
55l %3, R,=1.0mm R, /mm
5ok ——TJ7 %4, R, =1.5 mm
< 45} +7‘77§5»th=2.0mm Bl ARRASHBETHIENRERBMEHELERN
& A4dl ——J7%6, R, =3.0 mm T4
3(5): Fig.11 Variation of the mass flow rate ratio of the inlet with
25+ different blunted radius for different Mach numbers
2.01
1504 0,08 0.12 0.16 020 024 0.28 032 0.36 Bl 1245 7RIS HECN 2.5 3.00 3SHTHER
xIL T8 J& TR 2% T 1) i e S5 I i A 46 o0 A o X Lk
a) [EEMmE R
1o e a) M Ma=2.5 I, SRV AR HR T B AL
9t —+§%§%%ml AT AN R4 T A (P AR 3T 7E B L AMI, &
— > llp: U mm T TN YA = M )
8t ——J7%4. R, =1.5 mm U UL A, R RO B, A
g o, AT 14 0.85. WA BUL ISR IR, I P A O S
3 ) CUNR, SmER A, HERERNTHRYE.

x/L
b) NEET
E10 AERRESIEHEEMBIEFRES T (Ma=3.0)
Fig.10 Wall pressure distributions for different models (Ma=3.0)

422 i

B8 T A FRIE S AR N 3 i & R 2L
BEATAL AR AL B2 . 24 Ma<3.01, HESIERIT R
REBEEL AR AL, YRR A EL AR
H 38 KR B, Bl A2 M0 mm 3 K & 3.0 mm
B, MERBNELNS%; 4 Ma=3.51, FHER
R BE AL R KA A I, R R BA
ZF (R,>2.0mm) BEA T, A0 mmBg K
3.0 mm i, JiERETENCN0.4%. FEIXMZE
M EEREGE: ARSHECT, BEEEARRY
K, HESE SR GETH T B RS R R RS R O R
AN

b) M Ma=3.00F, BIGABLE, HEAIE R E
HMRHBIBARAS T I &AM, AAAE /NI ER, TiE R
M 0.983; BEE RIS LRI, 3 B RN
NS B AR, (5 — 18 RHS 52 46 T T
SRR, ZEmEED, HREERER, i
BEAHCHIHE R, 4R, =3.0 mm i, HERIEMG
HRBNEE0.93.

o) M Ma=3.50F, RS ECE T SRR
A ANEIALIS, k= P9 3 SRR AE & 10 )
WA ST il 1 —TE B R, , 2R T fE
FOEFEEAM, HEH THBERRBRES S E. R
MM, F T ah o3 85 X A s e 21 A0k 0 i 4
P, F#EMRE RO 1. WA TR T
(R38R, S S 3 5 — 3 RO ) SO A A AN
AR, ARS8 RV S R 4 T AT 2% 5 TR IR0 1) 5
M, LI ARG, WA E D T S, IE RN
WAL RIS BT AR K ML . M R,=3.0 mm B,
FERNRE R ZRE 24, 5805 BRI
EIFPRTAAS, SECT ERE R I/MEE R, R
REWSA TR, B BT E SRR ACE 5 R
NS, LR W RS, DRI S B X KR ) -



86 SO 5 R g B RO 2025 4F

I 7T [ [
PPy 1.0 2.6 42 5.8 7.3 8.910.5 12.113.6

T T T 77 A T [T [ [
PPi1.0 1.6 2.1 2.6 3.1 3.7 42 47 53 | NPPy 1.1 2.6 42 58 7.3 89105 12.113.6

~
3

a) R =0 mm, Ma=2.5 b) R =1.5mm, Ma=2.5 ¢) R =3.0 mm, Ma=2.5
lip lip lip

B T T T 7 A B T 7T 7 [ T 77
PPy 1.0 1.8 2.6 3.3 4.1 4.9 5.6 64 72| BPPy 1.1 4.0689.612515318221.023.90 B P/Py1.1 3.3 55 7.79.912.114316.5 18.7

d) R, =0 mm, Ma=3.0 e) R, =1.5 mm, Ma=3.0 f) R, =3.0 mm, Ma=3.0

—
PPy 0.5 1.7 2.8 3.9 5.0 62 7.3 84 9.5 PIpi1.1 3.0 4.9 6.8 8.710.712.614.516.4 PPy 1.1 3354 7.6 9.812.014.216.318.5

’ >

g) th:O mm, Ma=3.5 h) R1 =1.5 mm, Ma=3.5 i) R, :3.0 mm, Ma=3.5
E12 ARAFRIFES#HE THSERE ORSGHHENERESFERIEFRE ST

Fig.12 Contour plots of static pressure and streamline distributions near the cowl-lip for different Mach numbers for different models
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