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ABSTRACT

The AIAA prediction workshop series, such as the Drag Prediction Workshop [1], the High Lift
Prediction Workshop [2], and the Aeroelastic Prediction Workshop [3], have been invaluable
for assessing and advancing the state of the art for simulation tools. These workshops focus on
a common suite of cases, often with wind tunnel data, with participants from many organiza-
tions providing results using their different simulation tools. An in-depth comparison between
results can be used to identify strengths and shortcomings of the various computational methods
involved. The AIAA Aerodynamic Design Optimization Discussion Group (ADODG) [4] sim-
ilarly provided a common suite of aerodynamic optimization problems that allowed participants
to compare methods specifically geared towards aerodynamic shape optimization.

At AIAA SciTech 2024, a special session kicked off the beginning of another workshop, the
High-Fidelity Aeroelastic Optimization Benchmark Working Group, which seeks to achieve
similar goals as ADODG but for aeroelastic optimization problems. The session established
a set of specific aeroelastic design problems proposed by Gray and Martins [5] with a few
modifications based on group discussions. At AIAA SciTech 2025, the three established design
problems were tackled by several groups [6–9]. These optimization problems are based on
a well-established MACH framework tutorial wing, shown in Fig. 1, which is based on the
Boeing 717 wing geometry. The first of these optimization cases minimizes the mass of the
MACH tutorial wingbox subject to structural failure constraints and trim constraints computed
during 2.5g pull-up and -1.0g push-down maneuvers. The design variables include structural
parameters with the addition of the angle of attack of the two maneuver conditions. The second
and third cases build on this first case; their objective is to minimize the fuel burn based on an
additional transonic cruise condition. The second case adds geometric design freedom while
maintaining a fixed planform, and the third case allows the planform to be optimized as well.
The addition of the geometric design variables introduces the need for additional constraints
such as having sufficient volume for fuel in the wingbox and minimum leading edge radius and
trailing edge thickness constraints.

At the previous workshop at SciTech 2025, the current authors presented results for the first
case [6]. This paper will therefore extend our previous results to cover those of the second
and third optimization cases using the same toolset developed at NASA Langley Research
Center. This toolset, in particular, includes the Stabilized Finite Element (SFE) solver in the
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Figure 1: The MACH tutorial wing’s outer mold line and wingbox.

FUN3D CFD suite [10, 11], in-house Vortex Lattice Method (VLM) and structural solvers, and
the Matching-based Extrapolation of Loads and Displacements (MELD) [12] transfer scheme.
The framework is implemented with the help of the MPhys [13] library for OpenMDAO [14].
The geometry parameterization will be implemented using Free Form Deformation (FFD) con-
trol points within the pyGeo [15] python package.
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