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Adjoint Optimization Design of Nozzle Considering Uncertainty
Quantification of Turbulence Model
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Abstract: In order to improve the reliability and robustness of design optimization based on the
Reynolds-averaged Navier-Stokes (RANS) models, which are widely used in engineering, this
paper addresses the structural uncertainties present in RANS models. By using centroidal diagrams and
the feasibility of Reynolds stresses, these uncertainties are reasonably quantified. An adaptive
non-uniform perturbation method is employed to apply disturbances to the eigenvalues and
eigenspaces of the turbulence anisotropy tensor, and a numerical estimation of the uncertainty
interval predicted by the model is conducted. This paper proposes a method for adjoint design
optimization under the uncertainty quantification framework of the RANS model and explores its
application in the optimization design of a Laval nozzle. Through six simulations, optimized
geometric shapes under different perturbations are obtained, and the areas enclosed by different
shapes (confidence intervals) reflect the geometric optimization differences caused by structural

uncertainties in the model. The results indicate that after optimization under different perturbations, the
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total pressure loss of the nozzle is reduced by 6. 7% to 19. 2%, achieving a robust improvement in nozzle

performance. The resulting confidence intervals reduce sensitivity to manufacturing tolerances, thus

lowering precision requirements and manufacturing costs to some extent. The findings demonstrate the

potential value and guiding role of optimization design considering the uncertainty quantification of

the RANS model in aerospace engineering applications.
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Fig. 2 Schematic diagram of the nozzle
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