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Aerodynamic-propulsion coupled optimization high-speed vehicles

based on discrete adjoint method
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Abstract: The aerodynamic configuration and propulsion performance of vehicles exhibit strong nonlinear coupling
effects. To improve the physical fidelity and optimization efficiency of the aerodynamic—propulsion integrated de-
sign, a physically self-consistent and high—precision multidisciplinary coupled optimization system is established.
Firstly, a flow solver based on the upwind scheme is constructed on unstructured grids, and a strictly consistent dis-
crete adjoint solver is developed using automatic differentiation technology for efficient sensitivity analysis. Second-
ly, a quasi-one-dimensional ramjet/scramjet model is introduced. Through the dimensionality reduction integration
of "dual conservation of mass and momentum" and dimensionless reconstruction, a bidirectional coupled calculation
framework for three-dimensional external flow and one-dimensional internal flow is established. Finally, taking a
waverider as the object, a multi—constraint drag reduction optimization design is carried out at a cruise Mach num-
ber of 6. The results show that under the strict constraints of non—decreasing lift and constant wing volume, the op-
timized configuration achieves a net reduction of 3.23% in the cruise drag coefficient. The non-uniform shaping
strategy of "spanwise volume redistribution" explored by the optimizer effectively weakens the strong shock intensi-
ty in the outboard stagnation region, achieving the global optimum of the aircraft's aerodynamic performance.
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