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Fluid Shape Recognition and Optimization by Combining
Level Set Method with Sensitivity Analysis
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(School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: An improved level set optimization method for shape recognition of fluid was developed
by combining the improved level set method with the sensitivity analysis since the fluid topology
optimization was difficult to obtain accurate results. To achieve the accurate extension of level set
normal velocity from the fluid/solid interface to the entire level set solving domain, the normal
velocity was extended firstly from fluid domain to solid domain by the fast marching method, and
then it was extended to the whole design domain by solving the partial differential equation. In
the optimization process, to improve the solving accuracy of the physical field equations, the
interface was obtained by solving the system of binary quadratic equations, and the meshes in the
fluid domain were remeshed by using a spline-free parameterization remeshing method. Through
investigating an example on the shape recognition of Navier-Stokes and Stokes flows, the results
show that the developed method can directly obtain an accurate normal velocity on the fluid/solid
interface and precisely extend the normal velocity to the whole level set solving domain along the
normal direction of the interface, and the method can also effectively handle the topology change

in the shape-topology optimization procedure and achieve the recognition of the target shape.
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