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We present an application of the Vertex Morphing Method to aircraft preliminary 

design. Vertex Morphing is a node-based shape optimization technique, that unifies shape 

control, mesh-regularization and sensitivity filtering. Since it directly uses surface nodes 

of the given discrete model, it is particularly useful to explore the design space at a 

minimum modelling effort. It also allows for effective shape optimization where another 

parametrization is not obvious or even infeasible. Hence, it represents an alternative to 

the application of an experience-based shape parametrization. Particular problem of 

interest is the aerodynamic shape optimization of a flexible wing. Given this 

multidisciplinary problem, we investigate the Vertex Morphing method in terms of 

possible design improvements and quality of the final design. Furthermore, we present a 

generic implementation of the Vertex Morphing method in an established open-source 

software framework dedicated to multiphysics in general. The implementation provides a 

standalone optimizer with a python interface, that allows any interested user to 

conveniently try Vertex Morphing for own problems from different physical applications 

(e.g. structures or aerodynamics). An outlook on the shape optimization of a forward-

swept wing aircraft finally highlights capabilities of the implementation. 

I.  Introduction 

The most direct approach to modify geometry in the context of shape optimization is to use the surface nodes of 

the discrete model as design handles. Such a node-based approach does not include any physically motivated 

parameterization but sets on high design freedom with possibly great optimization potential at no additional 

parameter assumptions. Typically, however, a node-based approach suffers from mesh dependency, mesh 

irregularity and non-smooth shape derivatives. To overcome this burden, Hojjat et. al suggested a method that 

unifies shape control, mesh regularization and sensitivity filtering in a single formulation referred to as the Vertex-

Morphing Method [1]. Integral part of the Vertex Morphing method is the filtering. Different as in other node-

based approaches, though, the effect of the filter by construction is purely local and instead of smoothing either 

the sensitivities or the shape updates, we map the quantities between design and geometry space, such that the 

optimization problem is not modified. Using this approach, we may explore different local minima by a single 

parameter, i.e. the filter size. As a matter of fact, Bletzinger showed in [2], that there is a perfect transition between 

the filtering approach and other CAD-based shape parameters. Using Vertex Morphing the full potential of node-

based shape optimization may be exploited and significantly improved designs with possibly several alternatives 

may be found - even for large industrial-sized examples as e.g. discussed in [1], [3], [4].  

II. Problem formulation 

Problem of interest is the lift constrained drag minimization of a flexible ONERA M6 wing. We utilize the 

Euler equations for the primal fluid problem and the steady nonlinear structure equations for the primal structure 

problem. The present fluid-structure interaction is analyzed iteratively using the Gauss-Seidel method with Aitken 

relaxation. In terms of the sensitivity analysis, we follow a sequential single-disciplinary approach. That is, we 

compute in each optimization step the fully coupled problem, but neglect the corresponding effects on the 

sensitivities. In favor of computational efficiency and because we are given purely aerodynamic response 
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functions, we rather compute the necessary surface sensitivities from the fluid problem only, using a continuous 

adjoint approach. As design variables we chose all surface nodes of the discrete wing model (~18,000). To run 

the corresponding optimization problem, we utilize a specifically modified projection algorithm. Particular benefit 

of this algorithm is, that it maintains the simplicity of unconstraint descent methods like steepest descent or CG 

(also w.r.t. its implementation), yet provides the ability to take into account constraints sufficiently accurate.  

III. Software framework 

We present “Kratos Shape”, a standalone optimizer dedicated to shape optimization of arbitrary geometries using 

Vertex Morphing. The optimizer is implemented within the established open-source simulation framework Kratos 

[5]. Due to an existing python interface and a concept that strictly distinguishes between the involved physical 

analyses and the necessary geometry processing, the optimizer by construction is very flexible. It for example 

may be used with different simulation software, proprietary or open-source, or it may be applied to different 

physical disciplines, like for aerodynamic, structural or aero-structural shape optimization. Moreover, the 

optimizer is developed having in mind practical problems with millions of design variables. Particular focus is 

therefore on realizing a process that avoids unnecessary solver calls during the optimization. This is obtained by 

an implementation based on the interaction of three separated objects: an optimizer, a controller and an analyzer. 

IV. Results  

The results show that Vertex Morphing allows to identify optimization potential without any effort or assumption 

regarding a parametrization. For the given problem, we hence obtain a significantly improved wing design at 

satisfied constraint. The results also show that Vertex Morphing allows for an enhanced control of the wing shape. 

E.g. the wing thickness may be implicitly 

controlled by a specific choice of the filtering. 

Moreover, we are able to generate evidently C2-

continuous surfaces. This is because the originally 

noisy sensitivities are translated into consistent, 

smooth shape updates, such that no surface 

irregularities arise (see Figure 1). Still the trailing 

edge remains sharp. As a general result we 

observe, that Vertex Morphing can be successfully 

applied in an aero-structural context, where the 

position of the surface nodes additionally depends 

on the solution of the involved coupled problem.  

 

Generally, it is evident from the results, that Kratos Shape enables node-based shape optimization in a 

multidisciplinary context. To highlight its flexibility, we additionally perform a constrained aerodynamic shape 

optimization of an entire forward-swept wing aircraft. Herein drag is reduced by ~20% while satisfying the 

constraint. The resulting shape is depicted in 

Figure 2. Note that for the aircraft we linked 

Kratos to the ONERA in-house CFD solver 

elsA, whereas for the M6 above, we linked to 

Kratos to the open-source CFD code SU2. 
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Figure 2: Superposed baseline (grey) and 

optimized shape (green) 

Figure 1: Surface sensitivities (left) and 

resulting shape updates (right) 


