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ABSTRACT

The multi-disciplinary design is an important technique for the efficient design of the supersonic transport (SST), because the designer of
SST has to consider the aerodynamics, the structure, and the sonic-boom reduction. High-fidelity flow solver is desirable to solve
aerodynamic performance and the sonic boom intensity, however, the employment of the hi-fidelity flow solver is time consuming for the
preliminary design. In addition, engine nacelle integration should change the optimality of the airframe in view of the acrodynamics and the
sonic boom. Thus, it is ideal that engine nacelle integration and the airframe design are considered, simultaneously. In this study, the
expanded multi-fidelity design technique is proposed and investigates the difference among the solution. Here, two fidelities are
considered: one is the solver fidelity. That is the flow solver whose governing equation is the full-potential equation and the Euler equation.
The other is the geometrical fidelity. That is the simple geometry which only has the fuselage, the wing, the stabilizer and the vertical tail
and the complex geometry of integrated the engine nacelle. The final goal of this study is to design under consideration of the design
knowledge from these fidelities, seamlessly. To evaluate the result estimated by different fidelities, the Kriging model is used. To visualize
the knowledge regarding differences Kriging model based analysis of variance (ANOVA) is also employed. Through these investigations,
the similar trend can be observed in view of the aerodynamic performance comparing two solvers. On the other hand, geometries which
show low sonic boom by the low fidelity solver do not always show low sonic boom in the high-fidelity solver. It suggests that the design
knowledge discovery using initial samples is important before the correction of the optimum designs. Comparing with and without engine
nacelle configuration evaluated by the high fidelity solver, it is found that the lift is reduced on the inboard wing of the airframe with
integrated the engine nacelle. As this result, the cruise angle of attack is different from the airframe without engine nacelle. In addition,
pressure centers are different between the airframe with and without engine nacelles, while the pressure center should be agreed with the
gravity of the center. This disagreement should be estimated through the geometrical multi-fidelity design process.
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