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Incremental Formulation of Pressure Based Method for Fluid-rigid Body
Interaction Using Intermediate Variable and Its Verification

Daisuke ISHIHARA*? and Junichi MATSUMOTO

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

In this paper, an incremental formulation of pressure based method for fluid-rigid body interac-
tion using intermediate variable is presented. The present method is based on the method proposed
by Matsumoto and Kawahara in previous studies. In their method, the pressure Poisson equation
equivalent to the incompressibility constraint is derived by using the intermediate fluid velocity and
the approximation of enough small error between the intermediate fluid velocity and the fluid
velocity. In the present method, all terms appear in the coupled equation system are evaluated in the
same time instant, and unknown variables are solved incrementally by iterative solution procedure
in each time step so as to satisfy the coupled equation system defined in the time instant. The present
formulation is required when structural nonlinearity such as large deformation should be considered.
The present method is applied for the free vibration of a rigid circular cylinder in a quiescent fluid
to verify its performance.
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Fig. 1 Analysis flow of the present method.
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Fig. 2 Problem setup.
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Fig. 3 Time histories of horizontal displacement of rigid
body for three kinds of fluid.

Fig. 4 Pressure contour of fluid domain in the case of water.
t=0.093 sec, instant, when approximately local maximum
displacement is taken.
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Fig. 5 The relation between the iteration number N and the
logarithmic damping ration &.
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Fig. 6 The relation between the iteration number N and the
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Table 1 Summary of the present results.

Fluid Silicon oil Mineral oil Water
R, 83.42 301.9 10220
Re 0.8342 3.019 102.2
Cu 1.832 1.451 1.238
Cy 0.8623 0.4013 0.06035
@d 78.44 82.08 84.26
5 0.5752 0.2913 0.04607
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Q
&3 X
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S 01t
0.01 L L e
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B,

Fig. 9 Relation between R, and Cy or Ci. o and x
indicate present Cu, Ci-, respectively. o and + indicate
Cum, Ci- given in Ref.(2), respectively.

Table 2 Transition of the residual norm.

k Residual norm Y@

1 4.25%10 2 8.36x10 3
2 3.55%10 4 2.32x10 !
3 8.23x10 5 2.30x10 !
4 1.89x10 5 4.01x10 !
5 7.58x10 6 5.54x10 !
6 4.21x10 6 6.29%10 !
7 2.64x10 6 6.73x10 !
8 1.78%10 ¢ 7.04x10 !
9 1.25%10 6 7.39%x10 !
10 9.24%10 7
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