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Development of Strong Coupling Method
Considering Non-conforming Mesh on Fluid-Structure Interface
(1st Report, Verification of Method)

Daisuke ISHIHARA*? and Tomoyoshi HORIE

*2 Department of Mechanical Information Science and Technology, Kyushu Institute of Technology,
680-4 Kawazu, Iizuka-shi, Fukuoka, 820-8502 Japan

This paper describes a strong coupling method considering non-conforming mesh on fluid-
structure interface. In the present method, a transformation matrix derived from the geometrical
relations between non-conforming fluid and structural meshes on fluid-structure interface is directly
combined with the formulation of the strong coupling method to satisfy the compatibility and
equilibirium conditions on fluid-structure interface. The conjugate gradient method is applied to
solve the derived coupled equation system by introducing the consistent pressure Poisson equation.
To verify hasic characteristics of the proposed method, it is applied for free vibration of a cylinder
in quiescent fluid. The added mass and damping coefficients derived by the present method agree well
with those by other researchers.

Key Words: Fluid-Structure Interaction, Non-conforming Mesh, Strong Coupling Method, Incom-
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(1) Pressure increment of fluid is derived by
solving Eq. (17)

(2) Interior and interface DOFs of fluid
acceleration increment are derived by using
derived pressure increment

(3) Interior DOFs of structural acceleration
increment is derived by using interface
DOFs of fluid acceleration increment

Iteration is performed N times
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Fig. 3 Example of non-conforming interface..
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Fig. 4 Free vibration of a cylinder in quiescent fluid.

Table 1 Material properties of three kinds of fluid

Fluid Silicon oil | Mineral oil Water
Mass density (g/cm’) 0956 0935 1.0
Viscosity (g/cm - sec) 145 041 0.0133
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(a) fluid domain

(¢) structural domain
(non-conforming mesh 1)

(d) structural domain
(non-conforming mesh 2)
Fig. 5 Employed finite element mesh.

(a) structural non- (a) structural non-
conforming mesh 1 conforming mesh 2
Fig. 6 Detail of non-conforming interface on fluid-structure interface.
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Fig. 7 Horizontal displacement histories of the cylinder without fluid.

Table 2 First angular frequencies using each structural mesh

Conforming mesh: Non-conforming mesh 1 | Non-conforming mesh 2
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Fig 8 Horizontal displacement histories of the cylinder center for three fluids.
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(a) the added mass coeficient Cy,
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(b) the added damping coefficient Cj

Fig. 9 Comparisons of the added mass coefficient Csand the added
damping coefficient Cy with the numerical solution of Nomura & Hughes
9 for three fluids. The kinematic Reynolds number R,, is defined as cwzd" /v,
where c, is the damped natural angular frequency, d is the diameter of the
cylinder and v is the kinematic viscosity.
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Fig.10 Pressure contours at some instants for water.
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Table 3 Summary of results

(a) conforming mesh
Fluid Silicon oil Mineral oil Water
3 0.6957 0.3219 0.05194
W 79.28 82.95 85.34
Cu 1.678 1.359 1.061
Cy 0.9947 0.4340 0.06203
R, 8431 305.1 1.035x10°
(b) non-conforming mesh 1
Fluid Silicon oil Mineral oil Water
8 0.6956 03219 0.05185
W 79.28 8295 . 85.34
Cum 1.678 1359 1.061
Cy 0.9945 0.4341 006192
Ry 8431 305.1 1.035x10°*
(c) non-conforming mesh 2
Fluid Silicon oil Mineral oil Water
) 0.6957 03221 0.05191
2% 79.01 82.67 85.05
Cu 1.709 1.387 1.087
Cy 1.002 04371 0.06240
R, 84.02 304.1 1.031x10°
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Fig. 11 Time histories of residual norms of fluid-structure interface degrees
of freedoms.
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