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AbstractIn adjoint-based sensitivity simulations based on the continuous adjoint equa-
tions on industrial geometries two main problems arise. Firstly, the formulation of the
continuous adjoint equation set must be consistent with the physics of the problem in or-
der to reliably capture the shape gradient for further use in optimisation. Giannakoglou
and co-workers have recently shown that for Reynolds Averaged Navier-Stokes equations
this should involve the solution of the adjoint turbulence model, since the established
practice of “frozen turbulence” in adjoint equations leads to inaccurate shape derivative.
Secondly, for accurate shape derivative both the forward and adjoint equation set need
to be solved to a high tolerance and typically require meshes of very high quality: a
local numerical error or lack of convergence in parts of domain may seriously pollute the
adjoint model solution and the shape derivative. To make the problem more difficult,
adjoint equation sets, have proven difficult to solve to high accuracy, bringing into doubt
the usefulness of the method in shape optimisation. In this paper we shall present the
implementation of the turbulent incompressible steady equation set for the continuous ad-
joint using the adjoint k-epsilon turbulence model with wall function near-wall treatment
in OpenFOAM. Shape derivative results for the adjoint k-epsilon model will be compared
with the frozen turbulence approach on a series of complex geometries. Particular atten-
tion is given to the stability of implementation of the adjoint flow boundary conditions,
which have proven to be the main factor for poor stability and rate of convergence of
early simulations. Stabilised implementation of adjoint boundary conditions for the flow
uniformity and minimum dissipation objective will be presented in detail.
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