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Adjoint optimization is an exciting and fast growing field that has many applications in the automotive 

industry. We focus on the usage of adjoint for the optimization of aerodynamic performance. While 

adjoint methods have come to the attention of mainstream CFD through inclusion in prominent 

commercial codes, most of the available tools are severely limited, precluding productive use in this 

field. We detail a methodology that is based on the continuous adjoint method and is implemented in 

an Open Source framework. While more mathematically demanding in terms of its derivation, the 

continuous adjoint method requires orders of magnitude fewer resources. 

 

Continuous adjoint methods are used for calculating gradients of user-defined objective functions 

(drag, power losses, uniformity etc.) in applications with a huge number of design variables. In this 

paper we focus on optimization of external aerodynamics. The primal flow equations are the steady-

state RANS or DES. Adjoint equations for RANS primal flows have already been developed and 

published in various papers [1][2][3].  For DES primal flow, a new method (Tensorial Viscosity) 

which includes the averaged Reynolds stresses, is implemented and presented. 
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