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Accelerated numerical simulations of a heaving floating body
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Abstract

Numerical simulations of floating bodies, heaving under wave loading, are performed
by coupling a fluid solver and a motion solver. During each time step in the transient
simulation, a converged solution is needed between the wave-induced fluid field around
and the motion of the body. For some geometries in particular, a very slow converging or
unstable solution is found. The mechanism for this non-physical instability is identified
and an accelerated coupling scheme is derived for speeding up the simulations.

Key words: CFD, two-phase flow, rigid body motion, accelerated coupling scheme
MSC zo10: 65Lz0, 70E15, 76T10

1 Introduction

This paper presents a study on the coupling between a fluid solver and a motion solver by
interchanging the total force F acting on a floating body. The two-phase fluid solver with
dynamic mesh handling, interDyMFoam, is a part of the Computational Fluid Dynamics (CFD)
toolbox OpenFOAM. The incompressible Navier-Stokes (NS) equations are solved together
with a conservation equation for the Volume of Fluid (VoF). In this paper, that fluid solver is
coupled to a rigid body motion solver, restricted to the heave motion only.

We were able to identify the mechanism for a numerical instability between the fluid and
motion solver and to derive an accelerated coupling scheme, which are explained below.

2 Governing equations

The acceleration of the body a is derived from Newton’s second law: F = ma and subsequently
integrated to the velocity v and position z respectively. In general, the fluid solver calculates
the total force F by a discrete sum of the pressure forces p and the viscous forces 7 over the
faces of the body completed with body’s total weight. In order to identify the source of the
instability, the total force acting on the body is not calculated by solving the NS equations. In-
stead, a 1D simplified mass-spring-damper system is used in which the damping contribution
is neglected (b = 0). Its equation of motion is explicitly formulated in terms of a by:
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F'™ = ma™?! = —mga" — bo" — k(2" — 2°9) (1)
n+1 — _ﬂan _ E(Zn _ Zeq) (2)
m m

in which m, is the added mass, b the damping coefficient, v the body’s velocity, k the spring
constant representing the hydrostatic restoring force and z" — z°9 the distance between the
Centre of Mass (CoM) at the previous time step n and the CoM in equilibrium.

A linear stability analysis proves that (2) is only stable if m, < m. Otherwise, an implicit
formulation is needed for a (3a) using a relaxation method with relaxation factor « (3b).

. Ma p ko
iy = —-ap = (g = 2) (32)
attl = aaf! + (1 - a)al™! (3b)

in which i + 1 and i are the current and previous iteration during the same time step n + 1.

3 Accelerated coupling scheme

The coupling between motion and fluid solver is accelerated by using an optimal value for
a (4a). Consequently, only one sub-iteration is needed for (3b) if m, is known. However,
in general m, is unknown and varies from time to time (e.g a floating body in an irregular
sea-state). Therefore Newton’s second law F = ma is linearised and m, is estimated by (4b).

1
Qoptimal = m (42)
a
n+1 n+1
m __Fi - Fo (4b)
a— a'tl — gn+l 4

i i=0

As a result, the new acceleration is obtained by substituting (4b) in (4a) and apply (3b).
As an example, the accelerated scheme is applied for a free decay test of a 2D floating block
for which m, = 3m and compared to (3b) using a equal to 0.05 and 0.45. It is clearly shown in
Fig. 1, that (4a) accelerates the convergence significantly between the fluid and motion solver.

1.225

e—o o =0.05
oo o =045
e—e eq. (4a)

......

1.222f 82888800

alm/s?]

1.219 . I I I
100 110 120 130 140 150 160 170 180

Iterations

Figure 1: Acceleration as a function of the number of iterations for different values of & and
eq. (4a). During each time step, 20 iterations are performed.
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