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Development of parallel fluid-structure interaction solver using lattice Boltzmann method
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In this study, we developed a fluid-structure interaction solver which coupled lattice Boltzmann method with finite
element method. Immersed boundary method was used for information exchange between the fluid and solid domain at
the interface. In order to strictly implement the nonslip condition, multi direct forcing method was adopted. By
performing iterative calculation for coupling, stable analysis became possible. By simulating the benchmark problem of
flow-induced vibration of an elastic beam behind a cylinder, good agreement were obtained with the reference data [2].
Parallel implementation using GPU was carried out to shorten the calculation time. Finally the computation time was
reduced about seven times with full GPU parallel implementation.
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Fig. 1 Relation between the Eulerian grid points x and the boundary
Lagrangian points X,
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Fig.2 Configuration of the validation test case®
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Table1 Geometric parameters of the FSI test case

Parameters Values
Length of'the flow channel L 2.5m
Height of the flow channel H 0.41m
Radius of the cylinder r 0.05m
Length of'the solid bar [ 0.35m
Height of the solid bar h 0.02m
Coordinate of the point O (0.0m, 0.0m)
Coordinate of the cylinder center C (0.2m,0.2m)
Coordinate of the point A (0.6m,0.2m)
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Fig.3 Time evolution of vertical displacement

Table2 Vertical displacement and frequency

u, (X 1073m) frequency(Hz)
Present method 1.23+87.0 1.887
Turek and Hron® 1.23 + 80.6 2.0
Zhe Li and Julien Favier® 1.32 + 88.6 1.888
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Fig.4 Computational amount of each method in one time step
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