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abstract 
The study of flexible flapping wings of natural 
flyers and micro air vehicles remains 
challenging by the problem's unsteadiness, 
nonlinearity, moving boundary, and strong 
fluid-structure interaction. In the first part of the 
talk, a fully-coupled method will be introduced 
to solve flapping-wing aerodynamics. Here, 
similar to other immersed-boundary 
approaches, the fluid motion, solid motion, and 
their interaction are solved together in a single 
set of equations of motion on a fixed Eulerian 
mesh, while the elastic-stress being computed 
on a separate Lagrangian mesh and projected 
back to the global Eulerian mesh. In the second 
part, an adjoint-based approach is applied 
for the optimization and control of the shape 
and moving trajectory of flapping wings. 
When unsteady flapping motion and 
deformation is considered, the traditional 
adjoint-based approach used commonly in 
airfoil design falls short of the definition of 
sensitivity at the unsteady moving/morphing 
boundary. Unsteady mapping function could, in 
principle, handle the moving/morphing 
boundary but is not feasible by its complexity. 
Using the idea from non-cylindrical shape 
(a.k.a tube) analysis, we are able to derive an 
adjoint-based analysis in a rigorous and simple 
manner for the optimization of 
moving/morphing objects. At the end, model 
reduction and other related work will be 
briefly discussed. 
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