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Fish swimming: hydrodynamics, control and optimization

Chuijie WU

School of Aeronautics and Astronautics,

Dalian University of Technology, CHINA

Abstract

In this talk, we will address following issues:

Firstly, the hydrodynamics principles of fish swimming, such as the vortex dynamics principles of speed control,
direction control and energy-saving of maneuver swimming of fish school will be discussed.

Secondly, we will discuss the technique of flow control with moving wavy wall, and the application of this
technique to the fish swimming, in order to completely eliminate vortical wakes of fish swimming.

Thirdly, we will show the result of topology optimization of caudal fin, which is much better than the lunate caudal
fin of shark, and discuss the physics behind the optimization process and results.

These results are applicable in the design of bionic fish.
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In the past 25 years, we developed an unique theory of optimal dynamical systems, which includes POD method,
and applied the theory in the characteristic analysis of fluid dynamics and the studies of low-dimensional dynamical
systems. The theory includes three generations of results, i.e., the optimal dynamical systems with reminder
minimization, residual minimization and weighted residual minimization.

The third generation of the theory provides a perfect mathematical framework. The results include the construction
of optimal systems of one-dimensional heat transform equation, non-linear Burgers equation and three-dimensional
unsteady Navier-Stokes equations, and the helical wave decomposed Navier-Stokes equations, and the analysis of the
dynamical properties of the coupled optimal dynamical system of the helical wave decomposed Navier-Stokes
equations。

Numerical simulations of moving boundaries problems: Flexible Supersonic

Parachute, Space Station Fragment Group Falling Trajectory Prediction and

Control, bird flying
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This talk report some new progress of applying CFD methods in the studies of complicated moving boundary
problems.

First, the free motion of the fluid-structure interactions of Flexible Supersonic Parachute used in the exploration of
Mars is studied. Results show that the parachute has very severe breathing effect, and the turbulence and small shock
waves in the wake of canopy have important influence to the breathing motion of parachute.

Second, some results of numerical simulations of space station fragment group falling trajectory prediction and
rope control are discussed.

Thirdly, we report the progress of numerical simulation of self-propelled bird flying. After 5 years hard working,
the numerical simulations of the self-propelled flying of a bird, with the density ratio of bird/air up to 1000, in take-off,
cruising and turning are achieved.
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