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Optimal design of wide-speed range two-dimensional

inlet with free configuration

WANG Jianlei, MU Huan, GONG Chunlin

(Shaanxi Aerospace Flight Vehicle Design Key Laboratory, School of Astronautics,
Northwestern Polytechnical University, Xi’an 710072, China)

Abstract ; Two-dimensional air inlet is often used in wide-speed range air-breathing aircraft. Com-
pared with cruise-type aircraft,the flight speed range of wide-speed range aircraft is larger,and it is diffi-
cult for the inlet to meet the flight requirements under both high-speed and low-speed conditions. A de-
sign method for the two-dimensional inlet with free-configuration is proposed in this paper. It uses the cat-
egory shape function method to parametrically model the compression surface of the two-dimensional inlet.
The control parameters of the function as optimization variables are used to optimize the compression sur-
face directly,and there is no need to select design points during the design. In addition,according to the
matching relationship between the intake flow and the demand flow of engine,an objective function suit-
able for the optimal design of a wide-speed two-dimensional inlet is proposed. The results show that both
the flow coefficient and total pressure recovery coefficient can meet the design requirements in the range
of Mach number 2.5 to 8.
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Fig.1 Design flow chart of two-dimensional

inlet with free-configuration
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Tab.3 Calculation status in the full speed range
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Fig.7 Structure grid of aerodynamic computing
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5 #Hig

RSV Sk R AT AR A S0 4, BT 5T
T A mERN oo BRI R R LT
ghe.

1) 2 F gE R A K shBL B i i DL E G &R, R
FIH—AE 75 32 0 T — BB B9 H AR e& 2, R 22 05
Z F bR IR R AL S B — )R, XA [A] B 65 50T 1Y
@/ BERTIIAGR AN, 24 Hodge /N, A Sl BIL™ Az 1 #E



100 ko oHE Ot

2022 4E 12 A

T Ko WUE RS SRECH ¢, AR
TRECE S PEAR RS A, v A H b ol 07 35 2 4
RATEHI

2) BT — P X g e B R RAT AR 0T
PEAGE T T B A B 3y ik, BT TR AR
2 A e AGE I R 4 1w T R AR AT
it S Y R4 T A SR R, N S R
K RATER I el SRR L TR AT L

3)VWFSE T Hh s B T ik A 1 S 5 pk
Bk B e BT ER B oo i GBI &
BSR4 BRI — A 2, R 2T
R RBGEIATSHE A, 15 3 — oo < GE itk
Rl

4) X[ H B R oo s RGE I R AR AT I
SIRTICPERE . AR SCEE Y B AR R B, LRSI
AR PR 45 1 2 80 45 1 42 1, >R ] Hooke-Jeeves
ST R A 1T, 15 3] Zon i ARGE A B,
WIS BUES T IR, e IETE Ma,, =2.5 B
i RECN 41.2%; Ma,, =5.0 W SRR RECH
54.3%; Ma, =6.0 B 280 90.1%; Ma, =
8.0 Wl EVEMKE RECH 21. 02 %, Yif i TTHER

SE 3k

(U] TS, A, G 4 F . o Pk o R AT B — Ak
BRI R LT ] SR ,2021,6(4) :66-83.

[2] ESCHER W,HYDE E,ANDERSON D. A user’s primer for
comparative assessments of all-rocket and rocket-based com-
bined-cycle propulsion systems for advanced Earth-to-orbit
space transport applications[ C]//31st Joint Propulsion Con-
ference and Exhibit. Reston, Virigina; ATAA, 1995.

[3] DAMM K A,GOLLAN R J,JACOBS P A, et al. Discrete
adjoint optimization of a hypersonic inlet[ J ]. ATAA Jour-
nal ,2020,58(6) :2621-2634.

[4] TEKASLAN H E,IMRAK R,NIKBAY M. Reliability based
design optimization of a supersonic engine inlet[ C]//ATAA
Propulsion and Energy 2021 Forum. Reston, Virginia:
ATAA ,2021.

[5] SMART M K. Optimization of two-dimensional scramjet in-
lets[ J]. Journal of Aircraft,1999,36(2) :430433.

[6] SHUKLA V,GELSEY A,SCHWABACHER M, et al. Auto-
mated design optimization for the P2 and P8 hypersonic in-
lets[ J]. Journal of Aircraft,1997,34(2) :228-235.

[7] MARKELL K C. Exergy methods for the generic analysis

and optimization of hypersonic vehicle concepts| EB/OL].

https : //www. semanticscholar. org/paper/Exergy-Methods-
for-the-Generic-Analysis-and-of-Markell/e587b0{5bac7431
bb870a366681023530d70892,2005.

[8] Jimem, 2oMe, 2RIE T, 45, e 3 i UE S8

B IERIR )] 2 80 12441, 2007,22(1) :66-72.

(9] skwess, RAmnr 2=, 45, LR oo s b R IE I

WOk w52 (1], it 25 8h J1 “# 4, 2007, 22 (8):
1290-1296.

[10] Emks, B R%E. Ykl s sk OB LA it 75
EFELT]. AT J1%%,2009,27 (4) :25-27.

[11] M 3E T8 Ml g SE 2 Hanfife[J]. &
ARG AR ,2014(5) .76-81.

[12] T3, i n, A0, 48 2 HARS & T il A o it
AR ARSI S 0 [T]. s 244, 2022,
43.125698.

[13] TR0, BRIS PR R, iR R Sh LS e B R [ M. b
B AUR S TR OR Ay i e, 2014,

[14] BOLES J A,THOMAS C E,SALAZAR G,et al. Flow dis-
tortion computational modeling and design optimization for
supersonic inlet [ C]//AIAA Scitech 2021 Forum. Re-
ston, Virginia: ATAA ,2021.

[15] j™iel. RBCC ®AT AR/ #E Ul — R b il B %
LD At s AR R, 2014.

[16] ZEAERE, 2510, ARl SORAE T 55 B 28 Bk Re Al
BTt Cl//p AR — R AU L sh 12 518
P2 GRS 4R < [s. . ],2006.

[17] KULFAN B, BUSSOLETTI J. “Fundamental” parame-
teric geometry representations for aircraft component
shapes [ C ]//11th AIAA/ISSMO Multidisciplinary
Analysis and Optimization Conference. Reston, Virginia:
ATAA ,2006.

(18] XtEd, Bekihs , 435 A 2RI R ek B £ H oz
EIMEARAC BT [T ], AR BE,2016,1(2) :37-46.

[19] LI P,CHEN W,GUO W. “CST” parametric geometry
representations for waveriders [ EB/OL ]. http://cpfd.
cnki. com. en/Article/ CPFDTOTAL-ZGHU201009001006.
him ,2010.

[20] SChews, 2= R RER. CST EhIME S AL T7 ikt
FEL)]. iz 24 ,2012,33 (4) :625-633.

[21] TYAN M, PARK J H,KIM S, et al. Subsonic airfoil and
flap hybrid optimization using multi-fidelity aerodynamic
analysis [ C ]//12th ATAA Aviation Technology, Integra-
tion,and Operations ( ATIO) Conference and 14th ATAA/
ISSMO Multidisciplinary Analysis and Optimization Con-
ference. Reston, Virigina: AIAA,2012.

[22] BFFH, 2K, T ohr, 5. Tsight 2R (L HIE 5 52
PR M. Jbat AUt Zs AL RO Rk, 2012.



