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Multiphase flow phenomena are important in engineering, especially in marine field. However, numerous
phenomena have yet to be clarified. In particular, there remain many issues associated with numerical
simulations of the interaction between multiphase flow and bodies. In this study, we performed large-scale
numerical simulations of gas—liquid multiphase flow and body motions. We analyzed the wave dissipation of
lane ropes (connected floats) that divided the lanes in a large swimming pool. We also numerically-simulated a
swimming fish with consideration to spine and muscular force and analyzed the motion of a traditional Japanese

rain chain in multiphase flow.
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1. Introduction

Multiphase flow (i.e., interactions between multiple fluids,
such as gases and liquids) is important in various fields of
engineering, especially marine engineering. Many more
phenomena remain unexplained, however, in multiphase flow
than in single-phase flow, due to the fact that multiphase flow
is highly complex. Moreover, numerical simulations of the
interactions between multiphase flow and bodies continue to
face numerous difficulties. We have previously performed
large-scale numerical simulations of gas-liquid multiphase
flow and the motion of moving bodies [1]. This study presents
an analysis of the relationship between connected floats and
wave dissipation, a simulation of a swimming fish, and an
analysis of the movement and drainage of a rain chain.

2. Numerical method

The incompressible continuity and the Navier—Stokes
equation were solved by means of the finite—difference
method on a staggered Cartesian grid. The velocity—pressure
coupling was solved using the fractional step method,
whereas the time integration was carried out using the Euler
explicit method. The fifth-order weighted essentially
non-oscillatory (WENO) and central difference methods were
applied, respectively, to the advection and the viscous terms.
The interface between the two fluids was defined by means of
the level set method [2]. The level set function was then
computed via the advection equation.

In the Cartesian grid, the moving body was modeled using
the body force-type immersed boundary method [3]. A
multigrid preconditioned bi-conjugate gradient stabilized
(BICGSTAB) method was employed to solve the pressure

Poisson equation. In turn, the surface tension was modeled by
the continuum surface force (CSF) model [4].

3. Relationship between connected floats and wave
dissipation

As is shown in Fig. 1, a lane rope formed from the
connected floats was placed in the pool. The way in which the
wave was influenced by the motion of the connected floats
was investigated by means of a three-dimensional analysis.
The waves were generated by a flat plate (hereinafter referred
to as the wave source) that was immersed in the pool.

The shapes of the floats were varied, as is shown in Fig. 2,
and the floats were shifted and rotated by the waves. During
rotation, the blade reciprocated at each point of contact with
the water surface. The angle at which each blade contacted the
water surface (i.e., the stable angle) is shown in Fig. 3.

We found that floats with an odd number of blades (Fig. 2
(@), (d), and (f)) were rotated more easily by the generated
wave than those with an even number of blades (Fig. 2 (b), (e),
and (g)). We examined the effect of the number of float blades
on the rotational motion, and the relationship between the
rotational motion and kinetic energy of the water within the
measurement area. It was suggested in a previous report that
the float’s rotation had a substantial effect on wave dissipation
[1]. The numerical results revealed that there was a significant
difference in the contribution of the float’s rotation to wave
dissipation between floats with an odd number of blades and
those with an even number. Moreover, a large-scale numerical
simulation of the interaction between nine connected floats
(Float 5) and the generated wave was carried out as shown in
Fig. 4.

-25-4



0.3m

o o15'fvz|il

(a) Top view (orange: wave
source; blue and yellow:
connected floats; pale yellow:
measurement area)

Fig. 1 Computational model

(b) Side view

12.5cm

N N\ N\
(a) Float 5 (b) Float 4 (c) Float 5° (d) Float 3
A\
(e) Float 6 (f) Float 7 (g) Float 8

Fig. 2 Float models

(@t=1.00s

1.50s
|

(b)t=1.255

1.50s
L

(d)t=1.50s
Fig. 4 Motions of nine connected floats (Float 5) and the wave

(e)t=1.75s

- Earth Simulator Proposed Research Project -

4. Motion of a swimming fish considering spine
and muscular force

This section describes a numerical simulation that was
performed of a swimming fish with spine and muscular force
taken into account. The fish was modeled using connected
bodies, as is shown in Fig. 5. Three cases of the torque
distribution as muscular force are shown in Fig. 6. The
vorticity around the fish model and its motions are shown in
Fig. 7. It was found that the fish model with the
head-weighted distribution of torque could swim faster than
the one with the middle-weighted distribution. The swimming
speed of the fish model with the tail-weighted distribution of
torque was also much lower than the fish models with the
head- and middle-weighted distributions.

5. Interaction between running water and rain
chain

A numerical analysis of the motion of a traditional Japanese
rain chain in multiphase flow was also performed. A rain
chain was modeled using connected cups, as is shown in Fig.
8. This study discussed the relationship between the motion of
the rain chain and the flow of running water from the top of
the chain. Figure 8 shows the motions of the rain chain and
flow of the running water in the case of a rain chain that
comprised 10 cups. The displacement of the motion gradually
increased and twisting motion was observed.

6. Conclusions

In this study, we performed a three-dimensional analysis of
gas-liquid multiphase flow in a system with moving bodies,
and report on: (1) the relationship between a pool lane rope
composed of connected floats and the wave dissipation profile
in the system; (2) a numerical simulation of a swimming fish
considering spine and muscular force; and (3) an analysis of
the interaction between running water and a rain chain.
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yellow: the middle-weighted distribution;
green: the tail-weighted distribution)
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