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Abstract: The rectangular and circular shape intake hypersonic inlets and rectangular to

elliptical shape transition hypersonic inlet have been designed with the technologies of stre-

amline tracing and varying section using an optimized two-dimensional (2-D) curved surface

basic flowfield with controlled pressure gradient. It proved that hypersonic inlets with vari-

ous entrance and exit shapes can be designed based on 2-D curved surface basic flowfield. U-

tilizing this design method, three hypersonic inlets with different entrance and exit shapes

have been generated and compared with typical 2-D inlets under the same constraints. The

numerical simulation shows that Mach number distributions and general performance for un-

conventional inlets approximate the basic flowfield at design point under the inviscid condi-

tion, which has the characteristics of 2-D basic flowfield that shock structure is simple and

exit distortion is low. This kind of inlet has the roughly equivalent general performance.

Comparison with typical 2-D inlet indicates that they significantly reduce the length of exter-

nal compression portion, have greater flow ability to capture and demonstrate better per-

formance at off design points. In conclusion, this design method is feasible and is worth be-
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ing investigated further.

Key words: hypersonic inlet; basic flowfield; curved shock; streamline tracing;

numerical simulation
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Fig.1 Sketch of internal compression portion
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Fig. 2 Mach isolines of an optimized two-dimensional curved surface basic flowfield
1 (Model C) 5) ,
Table 1 Performance parameters of basic flowfield 7 ’
5. 0.
Ma o M p/p R. R
¢ ' , Model A ;
6 1. 00 0.78 3.25 27.37 6.8 1. 84 . .
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Fig.4 Model B the configuration of circular shape

intake (without isolator)
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Fig. 3 Model A the configuration of rectangular
Fig. 5 Model C the configuration of rectangular to

shape intake (without isolator) o . . .
elliptical shape transition (without isolator)
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Table 2 Geometric parameters of inlets ’
Model R, R, L/ H.
A 8. 80 2.65 2.22 . , H
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Fig. 8 Mach isolines of symmetry.throat and exit plane at design point on inviscid condition
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Fig. 9 Mach isolines of each cross sections along the flow direction at design point on inviscid condition
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Table 3 General performance parameters of inlets at design point on inviscid condition
Model ¢
o Ma P/Po o Ma P/Po D
A 1. 00 0.78 3.09 30.4 0.76 3.07 29.1 0.04
B 1. 00 0.78 3.09 30.4 0.75 3.07 29.3 0. 05
C 1. 00 0.78 3.27 25.7 0.70 3. 20 22.6 0.11
D 1. 00 0. 81 3.16 27.9 0. 80 3.15 27.6 0.03
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Fig. 10 Mach isolines of symmetry,throat and exit plane at design point on viscous condition
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Table 4 General performance parameters of inlets at design point on viscous condition

Model ¢
o Ma P/ b o Ma P/ bo D
A 0.92 0.53 2. 40 45.8 0.38 2.15 50. 4 0. 29
B 0. 94 0.56 2.47 44, 4 0.43 2.21 50. 7 0. 32
C 0.96 0.57 2.63 35.5 0.43 2.41 36. 1 0.31
D 0. 80 0.56 2.57 36.6 0.43 2.31 40.7 0.37

Madel A Madel B Madel C
11

Fig. 11 Mach isolines of each cross sections along the flow direction at design point

on viscous condition
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Fig. 12 Surface limit streamlines on inlet wall
b
at design point
41% 30%
,Model D s R
31%  47%, . s

32%.,50% ; Model D

5

Table 5 General performance parameters of inlets at translation point on inviscid condition

Model @
o Ma P/ po o Ma P/ po D
A 0.70 0.93 1.95 19.5 0.92 1.94 19.7 0. 030
B 0.72 0.93 1.92 20. 8 0. 92 1.91 20. 6 0.039
C 0.73 0.93 2.13 15.2 0.92 2.12 14.7 0. 029
D 0.59 0.91 2.12 14.6 0. 90 2.12 14.6 0.041
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