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Adjoint Optimization for Direct and Inverse Design of Cascade Blade Profiles

ZHU Yujie, JU Yaping, ZHANG Chuhua

(School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: To overcome the problem that the calculation cost drastically increases with the design
variable number in Navier-Stokes equations based design optimization for direct and inverse
design of cascade blade profiles, an optimization system, including blade geometry
parameterization, grid generation, flow solving, adjoint field solving and optimization, is
established by means of the adjoint method. In view of the problem that the target control
parameter distribution in the design of inverse problem is difficult to be defined, the target
pressure distribution of the present inverse design is given by analyzing the optimization result of
the direct design. An in-house code is used to solve both direct and inverse problems of the
cascade blade profile design for the purposes of reducing or eliminating the flow separation and
improving the aerodynamic performance. After optimization, the total pressure loss coefficients
of the cascades for the direct and inverse problems are reduced by 5.69% and 4.50%,
respectively. The results show that the curvature of the blade suction surface profile is reduced,
the blade is front-loaded and the pressure gradient after the blade middle chord is reduced, which
effectively inhibits the flow separation near the blade trailing edge. This work provides a
reference for the design of cascade blade profiles with high efficiency.

Keywords: cascade blade profile; adjoint method; direct problem; inverse problem; optimization
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