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Phenomena including multiphase flow are important in engineering, particularly in ocean engineering. However, numerous
phenomena have not been clarified yet. In particular, many issues with numerical simulations for the interaction between multiphase
flow and body still exist. In this study, we performed large-scale numerical simulations of gas—liquid multiphase flow and body
motion. Specifically, self-propelled fish swimming by deforming its body, and flow with gas—liquid free surfaces and restricted body
are analyzed. For the fish swimming analysis, a model of fish swimming near or through the water surface has been discussed. We
demonstrated that swimming with jumping is more efficient than swimming without jumping for large-sized fishes. On the analysis
of the restricted body, a three-dimensional analysis of the motion of a Japanese traditional rain chain gutter in multiphase flow and the
wave dissipation effect of lane rope was performed. We found that there existed values of water discharge in which chain gutter hardly

moved and that it is possible to enhance the wave dissipation effect by adjusting the strength of the tension acting on the lane rope.

Keywords: Multiphase flow, Fish swimming near the water surface, Motion of restricted body, Cartesian grid, Level set method,

Immersed boundary method

1. Introduction (CSF) model [3]), f, represents body forces obtained using the
There are many phenomena resulting from multiphase immersed boundary method, and D is the strain rate tensor. The
flow (i.e., interaction between multiple fluids, e.g., gas and aforementioned equations were solved based on the fractional
liquid) that are important in engineering, particularly in ocean step method. For time integration schemes, the total variation
engineering. However, there are many unexplained phenomena diminishing (TVD) Runge—Kutta method and the Euler explicit
as compared with single-phase flow because of the complexity. method were used for the advection and non-advection terms,
Furthermore, many issues concerning numerical simulations for respectively. The fifth-order weighted essentially non-oscillatory
the interaction between multiphase flow and body still exist. In (WENO) method and the central difference method were used
this study, large-scale numerical simulations of the gas—liquid for the advection and viscous terms, respectively.
multiphase flow and moving body were performed. In particular, The level set method [1] was used to define the interface
self-propelled fish swimming by deforming its body, and flow in between two fluids. The level set function ¢ was computed

gas—liquid free surfaces and restricted body were analyzed and using the following advection equation:

described. 0
L ivip)=0. ()
t
2. Numerical method
In the following, the incompressible continuity and the The body force-type immersed boundary method [2] was
Navier—Stokes equation were solved using the finite-difference also used for representing the moving body in the Cartesian
method based on the staggered Cartesian grid: grid.
V-v=0, (M
3. Analysis of a self-propelled fish swimming by
ov 1 1 F, ing i
N o (v-Vlv=——Vp+—V-(2uD)+ g+—tif | ?) deforming its body
ot P P P Based on the hypothesis that a fish swimming with jumping

through the water surface moves forward more efficiently than
where v is the velocity, ¢ represents time, p represents the a fish swimming without jumping, analysis of the two ways
pressure, p is the density, u is the viscosity, g is the gravity, F, is of swimming (Fig. 1) was discussed. First, we observed that

the surface tension (modeled with the continuum surface force swimming with jumping was faster than swimming without
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jumping performed by a fish with a body length of 15 cm in
contrast to swimming performed by a fish with a body length
of 5 cm, in which case swimming with jumping was slower
than swimming without jumping. Further, we analyzed that the
net power consumption required for swimming with jumping
was smaller than that required for swimming without jumping.

Overall, we observed that for a large-sized fish, swimming with

jumping was more efficient than swimming without jumping.

Fig. 1 Fishes swimming with and without jumping.

4. Analysis of the flow with gas—liquid free surfaces
and restricted body
4.1 Analysis of the movement and drainage of the
chain gutter
Numerical analysis of the motion of a Japanese traditional
rain chain gutter in multiphase flow was performed (Fig. 2). This
study primarily discussed the relationship between the motion
of the chain gutter, mass, water discharge, connecting method
(constraint condition), and the number of the connections. It was
found that motion properties depended on water discharge, that
there existed values of water discharge in which chain gutter
hardly moved. The influence of inertia was large when the water
discharge was small, and the influence of the fluid force became

large when the water discharge was large.

Fig. 2 Motion of the chain gutter (six units).

4.2 Analysis of the movement and the wave dissipation
effect of the lane rope

As shown in Fig. 3, a float representing the lane rope is
set in the pool. A three-dimensional analysis on how a wave
is influenced by the motion of the float was performed. The
tension acting on the float was considered as the restoring force
that is proportional to the distance from the initial position. The
wave dissipation effect was evaluated using the kinetic energy
of water. The result showed that the kinetic energy of water
changed depending on a constant of the restoring force. In other
words, it was possible to enhance the wave dissipation effect by

adjusting the tension acting on the lane rope.

Fig. 3 Schematic showing a moving float and water surface.

5. Conclusions

Large-scale numerical simulations of the gas—liquid
multiphase flow and body motion were performed. For the
analysis of a self-propelled fish swimming by deforming its
body, it was shown that a large-sized fish swimming with
jumping was more efficient than a fish swimming without
jumping. For the analysis of the flow with gas-liquid free
surfaces and restricted body, it was found that motion properties
of the chain gutter depended on water discharge, that there
existed values of water discharge in which chain gutter hardly
moved. It was possible to enhance the wave dissipation effect

by adjusting the strength of the tension acting on the lane rope.
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