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The Multi-level and Multiobjective Optimization Design
Method for Two Dimensional Scramjet Inlet

LUOQ Shi-bin, LUO Wen-cai, DING Meng, WANG Zhen-guo
(College of Aerospace and Material Fngineering, National Univ. of Defense Technology, Changsha 410073, China)

Ahstract: A multi-level and multichjective optimization {MLMOO} design method for two-dimensionsl scramjet inlet was estab-
lished. Total pressure recovery coefficient, static pressure rise and drag coefficient were selected as performance abjective functions to
form the multiobjective optimization problem (MOP) of the two-dimensional scramjet mixed compression irlet with 4 external compression
ramps and 2 intemnal compression ramps. The concept of multi-level design was introduced into the inlet performance analysis, one di-
mensional analysis method and computational fluid dynamics (CFD) method were used on the different stages during the optimization de-
sign process. To avoid converging to local optimal solutions and using gradient information which was hard to reach for numerical simula-
tion, a multiobjective hybrid genetic algorithm was employed to find Pareto-optimal solutions in one single run for the present MOP. Fol-
lowing the MLMOO design method, the higher performance scramjet inlet would be worked out steadily.
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Fig.1 Design model for two dimensional mixed compression inlet
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Tab.1 One dimensional optimization results

Optimization Ramp tumning angles /{°) Performance Outlet Outlet
masaflow | pressure
problem 1 2 3 4 5 a Cp P, Hkges™") /Pa

One | 1D | 4.212 | 4.212 | 4.212 | 4.792 | 8.032 | 0.8547 | 0.1662 | 40.3632| 60.000 101 352.384
objective| CFD | 4.212 | 4.212 | 4.212 | 4.792 | 8.032 | 0.4640 | 0.1640 [ 48.0355| $6.6010 [120 617.600
ID | 4.280 | 4.828 | 5.313 | 5.946 | 9.329 | 0.8120 | 0.2097 [60.7022] 60.000 149 597.518
Two | CFD | 4.280 | 4.828 | 5.313 | 5.946 | 9.329 | 0.4515 | 0.1737 [48.0767| 55.917 [120721.100
objectives| 1D | 3.859 | 4.257 | 4.679 | 5.326 | 8.469 | 0.8463 | 0.1745 | 44.1696| 60.000 [107 907.119
CFD | 3.859 | 4.257 | 4.679 | 5.326 | 8.469 | 0.4565 | 0.1601 |47.7665| 55.273 |119 942.100
ID | 4.05 | 4.787 | 4.487 | 5.982 | 9.058 | 0.8272 | 0.1957 [52.2914] 60.000 |129 214.438
Three | CFD | 4.056 | 4.787 | 4.487 | 5.982 | 9.058 | 0.4329 | 0.1661 | 48.1507] s54.672 [120 %07.000
objectives| 1D | 3.910 | 4.212 | 4.615 | 5.329 | 8.274 | 0.8472 | 0.1766 | 43.7253| 60.000 |105 666.311
CFD_{ 3.910 | 4.212 | 4.615 | 5.329 | 8.274 | 0.4553 { 0.1625 | 44.0711| 53.549 (110 663.100
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Tab.2 Two dimensional CFD optimization results

Qutlet Outlet

massflow | pressure
problem P Cp P Hkgrs™') /Pa

One objective [ 0.531| 0.145(36.726] 59.214 |92 220.550

Optimization Pedormance

Two objectives| 0.465 | 0.138 |46.360, 58.683 |116 409.800
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