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Design and optimization method for two dimensional scramjet inlet
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Abstract:

An optimization model was established for three wedge external compression and two wedge internal compression

scramjet inlet. Optimum designs subject to different constraints were obtained using the method of successive quadratic programming.

The computational fluid dynamics method was employed in two dimensional inlet optimum design using the one dimensional solution as

an initial condition. The solution of two dimensional optimum design shows more performance improvements over the one dimensional

design. This method can be improved to take the 3D and real gas effects into account with only a modification of the CFD model.

Key words:
calcualtion
1 5 B

rasts /g A . EONBIR B — i, 2R
ES AT AR ETAR— R0, e R bl iR i be
Fiv it S (0 23 AU, RN X S ROREAT IR 4, i 2 I8 F
— € IR FEANE 7, LLins 2 AR R 2R . 3R
B PTE SR HARAR, 7RI 2 Bt Br 2R iR T+ Al
JETHSE AN, 8 R 4 1 A2 1O 1R RE B R /D, R
o e B O UL B R PR RONORE AR R R Y, SR A% 5t
I — 4 SR B J1 5 T AT B IR E AR K, Bk, B
VHELRAA 7124 ( CFD) J7 i B F 353 AE r At
I AR e O I AR SR S B R AR Y
A3z R et vk ket 4t e TR R Rk R
BEAT T —4EPU AL Bt AR5 38 T SRR D 0 ik

+ UrEsS HER: 2000004 10; 83T HER: 2001-06-02.
EEBN: %

Supersonic combustion ramjet engine; Hypersonic inlet; Mixed compression inlet; Optimum design; Numerical

(CFD) X HA#EAT T 4 BE . 45 REW, %771k
Al DL R A R E R W Re, I RA R
a9 k.
2 I EE

BT AR = A A1 R0 2 A o4 T B VR R 5K
HRIE . ERTPRET, HEMMNERA AN =18
RHSEATEERENEEO(C A, S E 1), XF
7 AR ) RN BEL 3 R 2, () ek S 8t 1 Nk <3 P9 3B
T 51 2 Y3 2 PRI PR THD 23 R ELAE L, 9 P R
P& T AE BRI TR m( D 2 FFRl. ©
W AT &S H = 30 km, KAT L3 Mao
= 5.5, JEFtEE p.= 30.0, TR KA E g= 30 ke/(s°
L), L NHAL

JB (1969 —), %, ML), BIEdR, WUy 5 s ah i BUE T 5T .



FnH Hoel

A e R AL — et UE AL B i T 469

WRTELSEARZ, LRI A S B
MBI SR T BRI 515 . il 45248
BEATAHSRAE i, AR SR EL AT 4 AR AR R AR
&, B abE: SRR — MM 6, B A 6, S
JREITHM 6( &+ &+ &), WEE U &, WE 1
Fin. HESHOTIE— 4 ks 1122 i v E A 3,
BB & Ho AR R e, A3
BRI R RIR N min - (pupepspups),

s.t. pi= papopapaps= 0, Sun S 8 KOy,

S S & KOs Gnin S & Sy G S 8 S
L L L, .
o™ i o B = -
[Mag> ﬁ Ma, ) g
Hy
B Ma,
3 i M HoyMo;—>

Fig. 1 Design parameters for two dimensional

mixed compression inlet
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Fig.2 Computational grids for scramjet

inlet flow calculation
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Fig. 3 Convergence history of Euler
equations for scramjet inlet calculation
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Table 1 One dimensional optimization solutions

at different design constraints

- Total
. Static Flow
Design pressur . Outlet Mach
] lemperalure deflection .
constramts recovere - Number
rise angle/ ()
! % i
External
. 2.99 64.93 35.39 2.61
COMDIESSION
L+ La+ )
2.91 71.67 17.59 2.67
L:=3.5m
Mixed
comp- b= 2.78 83. 69 17. 19 2.77
None 2.77 85.23 17. 15 2.78
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Table 2 One dimensional optimization

solutions for mixed compression inlet

Subscripts
0 1 2 3 4 5

Parameters

Mach number Ma 5.500(4.899|4.343|3.825|3.289]2.783

Shock angle Bf (%) 14. 086{15. 857|17. 956|21. 13424, 788] —

Ma-sinB 1.339(1.339(1.339]1.379| 1. 379| —

Wedge angle B/ (°) — [ 5.078(5.686(6.3907.976]9. 178
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Fig. 4 Numerical solutions of Euler equations

(a)Mach contours; ( b) Pressure contours

Fig. 5 Numerical solutions of N- S equations

(a) Mach contours; ( b) Pressure contours;

( ¢) Local pressure contours
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Fig. 6 Velocity vectors of N-S equations solution
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Fig.7 Solution of optimization N- S equations
( a) Pressure contours; ( b) Local pressure contours;

( ¢) Local velocity vectors
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Table 3 N-S equations solutions of different design methods

Statie pressure Total pressure
Desizn methods
rise recovery/ %
CFD optimization
30. 00 55.19
design
Boundary layer
37.42 49. 59
correction
One dimensional
6l1. 19 39. 14
design
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