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Optimization design of hypersonic axisymmetric inlet with

controllable law of wall pressure rise

XIANG You-zhi, ZHANG Kun-yuan, WANG Lei, GAO Xiong

(College of Energy and Power Engineering,
Nanjing University Aeronautics and Astronautics, Nanjihg 210016% China)

Abstract: The design method of axisymmetric wall boundary“with a controllable law of
wall pressure-tise was investigated using the theory of rotational characteristics. With this
design method, multi-objective optimization of thé compression surface was carried out on
the basis of surrogate madels, and then a-hypersonic axisymmetric inlet was designed using
the optimal solutions. The inlet-was investigated through numerical simulation, and was
compared with the/normal double-cone and triple-cone inlet. The results show that the
length of new'inlet isreduced by 32.5% of the radius than the double-cone inlet; under the
design point, the performance of the new inlet lies between the double-cone and triple-cone
inlet; under the start point, the flow capture ratio is improved by 8. 24% and 12. 60%, and
the total pressure recovery is improved by 4. 06% and 2.50% than the double-cone and tri-

ple-cone inlet, respectively.

Key words: hypersonic axisymmetric inlet; law of wall pressure rise; curved shock;

curved compression surface; optimization design

[ NEBLSri A Pl G Woa £y NG TR 8 S S o RS LN s 1 b N U W T DS R 0 W o

Z— BT R AE AR B AR RE O R A e
AIEBATE AR S H AT, st R £
A ZInHEAE b AR A L = R R
18 L R AR 0t RCTE A il xR R B A 4

i B A 2010-11-02; f&ITHEI:2011-03-31
EE£WMB :FEARESTERELING0916029)

PO AT AR AR R A A2 B T O B A
20 T S AR AT PN A A X R T B E
HEAT T T IZ MR O U TR a0 6 B
. AT AR B T MLEOR I AR L o R T Al

TEB A 104 21986 —) . 5, WIRE 25 BH A BT+ 28 , 5 55 M S P9 MR 31 A7 2% 7 T (9 1R 5T



2194 Wi 2 @

Ji % 526 %

X AR HESCE 19 WF TS A T — ST I R R4
T IS G T R AT B0l AR G B Y
B (X T AN T Be i B 75 98 R T 2 o
e e

7K WL 22 9 4 Bl oS R E <l Bt v Bl R
PRUE S sl R 4 B 3 22 T IR 101 AR T 10 JE —
Ao D1 U/ N P 40 T A0 s D D82 D T 4 A K L
B XA AN A A5 O DR T EL T O s e
1o o AR S 5 | S Jmy 0 A RS TR J2= 0 T 45 0 T
26 0 B A PR UIE R BT B R R A AR B R Bl
PERE RLAF s BBy B AR AR O R (E S 4 i K
Koo P AT 0 AR Y — Ao B B O T —
Mol A B B R RE L 1y U

AR SCAE LAAE % 25 g 3808 f) A0F 5 ey
R A @R IE 2R BRAE B9 1 I A e T AL T 4%
P Al X6 gy BB T 5O v L R T RO L AR R
AT 2 H b A A 3% e 4 1w, i T O Ak 25
BEIE T — i e AR e AT T
EAT ST I 15 AL U | = Bl X A 3k <0 9 AT
TR

1 SE8MXRHESEIMNERMLNL

it
L1 JEFH R AR I 7 8 A X AR 1 48 AT
CRD

JE.45 TR B T AR R« 45 BE A TS AR AR
R IURFIE 22 7% (MOC) 8 3 i Wy 2 BE 1, I
fift HIZ UL A5G . BT A5 20 1Y Py SR T A 5 A G
9578 1 R TR 7R RN b, mTR  H RLER
B HM AR RS

AR SCHE BTl 0T R T 4 T 1, T RS 4R B —
KER & B 5, % ] Taylor-Maccoll (T-M) J5
FERIFIZAL T 2 80, Z J5 AR i 70 46 45 7 B T
F155 A0 R R A T AR i 26 B0 780 o5 K A5 47y 350 BE 1
BT B 2800 R Ui B kA 1T % TR 4 fR 6., BE
RSB dp/da AR KB L. % 1 5]
TARSCHERY RIS EL

®1 &itsH
Table 1 Design parameters
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Table 2 Values of design parameters

Ks K K; K; K
3 0 0 0 0
4 5) B 5 17
5 10 10 10 34
6 15 15 15 50
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2-objective optimization
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3-objective optimization
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Fig. 9 Aerodynamic_configuration of inlet 1
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Fig. 10 Contour of symmetry plane Mach number of

inlet 1 under different inflow Mach numbers
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Table 3 Computation parameters under different fly conditions

Ma H/km p-/Pa T./K p" /MPa T /K Q/kPa
4 17 8850 216. 65 1.344 909. 9 99.1
5 21 4729 217.58 2.502 1305.5 82.8
6 25 2549 221.55 4.024 1816.7 64.3
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Ma ® o May, - G Mo Tous
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6 1. 000 0.596 3.02 23.67 0. 488 2.88 22.34
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