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Efficient Parallel Analysis of Shell-fluid Interaction Problem by
Monolithic Method Based on Consistent Pressure Poisson Equation
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* Department of Mechanical Information Science and Technology, Kyushu Institute of Technology,
"680-4 Kawazu, lizuka-shi, Fukuoka, 820-8502 Japan

In this paper, a parallel monolithic method for shell-fluid interaction based on the consistent
Pressure Poisson Equation (PPE) is developed and its parallel computational efficiency is demon-
strated. The previous and present studies show that iterative solvers without preconditioning work
well to solve the PPE, even though the coefficient matrix of the original linearized coupled equations
becomes to be ill-conditioned. As a consequence, combining with the iterative solvers without
preconditioning parallelized based on the mesh decomposition, the developed method can archive
efficient parallel computation. To demonstrate the performances of the developed method, it is
applied to simulate the vibration of an elastic plate situated in the wake of a rectangular cylinder and
a flapping elastic wing in fluid.
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Fig. 1 Simple finite element model. Each integer denotes
node number, each integer with round bracket denotes
clement number and each real number denotes dimension.
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Fig. 2 Transition of condition number of coefficient matrix of
PPE for R.

Fig. 3 Schematics of mesh decomposition.
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Fig. 4 Vibration of an elastic cantilever plate situated in the
wake of a rigid rectangular cylinder. 77 denotes traction force
acting on the fluid boundary. D=H=1.0x10 m are adopted.
The velocity of the inlet uniform flow V'in the x-direction is
6.9695x10" m/sec, which gives Re=400 when air (p/=1.18
kg/m®, u = 1.82x10 “kg/(m sec) is adopted.

Fig. 5 The x-y plane view of fluid domain. The fluid mesh
has 8,080 nodes and 23,352 elements.
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Fig. 6 Time histories of y-displacements of the free end of the
elastic cantilever plate.
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Fig. 7 Comparison of iteration numbers of iterative solvers
between the standard monolithic method and the present
monolithic method for R, where Young’s modulus is changed.
o, X, 0 denote the iteration numbers of the BiCGSTAB
method with diagonal scaling for the standard method, that of
the CG method for the present method, and that of the
BiCGSTAB method for the present method, respectively.
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Fig. 8 Comparison of iteration numbers of iterative solvers
between the standard monolithic method and the present
monolithic method for R, where time increment is changed.
0, %, 0 denote the iteration numbers of the BICGSTAB
method with diagonal scaling for the standard method, that of
the CG method for the present method, and that of the
BiCGSTAB method for the present method, respectively.
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Fig. 9 Comparison of iteration numbers of iterative solvers
between the standard and present monolithic methods for the
plate thickness. The standard method employs BiCGSTAB
method with diagonal scaling and the present method
employs the CG method.
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Fig. 11 Speed up for number of CPUs.
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Fig. 13 The model for the insect flight, which can express the
automatic wing rotation due to fluid-structure interaction.

Fig. 14 Mesh decomposition in the case of N=8.
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Fig. 15 Time histories of the lift. “small’ and ‘large’ denote ® present —ideal
results given by meshes with approximately 240 thousands
and 1 million DOFs in the coupled equation system (1). Fig. 18 Speed up for number of CPUs.
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