MZEFERE I 2—a VEIRV VRV T L2000 45/ TE 139

BERATENRGBRRENREO M — P 78R
B ke, KA R, R A

Tradeoff Analysis of Aerodynamic Wing Design for RLV
by
Kazuhisa CHIBA®, Shigern OBAYASHI! and Kazuhiro NAKAHASHT"
Abstract

The wing shape of flyback booster for a Two-Stage-To-Orbit reusable launch vehicle has been optimized considering four objectives.
The objectives are to minimize the shift of aerodynamic center between supersonic and transonic conditions, transonic pitching moment
and transonic drag coefficient, as well as to maximize subsonic lift coefficient. The three-dimensional Reynolds-averaged Navier-Stokes
computation using the modified Spalart-Allmaras one-equation model is used in aerodynamic evaluation accounting for possible flow
separations. Adaptive range multi-objective genetic algorithm is used for the present study because tradeoff can be obtained using
a smaller number of individuals than conventional multi-objective genetic algorithms. Consequently, four-objective optimization
has produced 102 non-dominated solutions, which represent tradeoff information among four objective functions. Moreover, Self-
Organizing Maps have been used to analyze the present non-dominated solutions and to visualize tradeoffs and influence of design
variables to the four objectives. Self-Organizing Maps contoured by the four objective functions and design variables are found to
visualize tradeoffs and effects of each design variable.
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Table 1 Flow conditions for the three Navier-Stokes
computations.
| Flying Condition || Mach | AoA Re
Supersonic flight 1.2 0.0 | 6x 108
Transonic flight 0.8 8.0 | 6x 108
Subsonic flight 0.3 13.0 | 6 x 107

Sweep angle_trailing edge.

Fig. 1 Wing planform shape definition along with
some of the major design parameters.

Fig. 2 Derived non-dominated solutions plotted in
the (Fy, F3, F3) objective functions three dimensional

space.
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Fig. 3 Derived non-dominated solutions on two di- Fig. 5 Derived non-dominated solutions on two di-
mensional plane between F; and Fj. mensional plane between F3 and Fj.
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Fig. 4 Derived non-dominated solutions on two di- Fig. 6 Derived non-dominated solutions on two di-
g

mensional plane between F; and Fj.
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Fig. 8 SOM colored by the shift of the aerodynamic

center as the objective function 1.
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Fig. 9 SOM colored by the transonic pitching moment

as the objective function 2.
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Fig. 10 SOM colored by the transonic drag coefficient
as the objective function 3.
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Fig. 11 SOM colored by the subsonic lift coefficient
as the objective function 4.
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