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Marián Slodička, Ghent University
Karel van Bockstal, Ghent University

Organising committee:

C. Geuzaine (Univ. de Liège, Belgium)
S. Pop (UHasselt, Belgium)
K. Van Bockstal (Ghent Univ., Belgium)

Scientific committee:
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(Klaus Kaiser, Jochen Schütz) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

High-order accurate implicit time integration methods applied to semidiscrete Discontinuous
Galerkin approximations for unsteady low Mach number flows
(Alessandra Nigro, Carmine De Bartolo, Andrea Crivellini, Matteo Franciolini, Alessan-
dro Colombo, Francesco Bassi) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

On the stability of IMEX methods
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Abstract

Numerical simulations of  oating bodies, heaving under wave loading, are performed

by coupling a  uid solver and a motion solver. During each time step in the transient

simulation, a converged solution is needed between the wave-induced  uid !eld 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 identi!ed

and an accelerated coupling scheme is derived for speeding up the simulations.
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1 Introduction

This paper presents a study on the coupling between a  uid solver and a motion solver by

interchanging the total force F acting on a  oating body. The two-phase  uid solver with

dynamicmesh 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  uid 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  uid and

motion solver and to derive an accelerated coupling scheme, which are explained below.

2 Governing equations

The acceleration of the bodya is derived fromNewton’s second law: F =ma and subsequently

integrated to the velocity v and position z respectively. In general, the  uid solver calculates

the total force F by a discrete sum of the pressure forces p and the viscous forces τ 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 simpli!ed 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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Fn+1 =man+1 = −maa
n − bvn − k(zn − zeq) (1)

an+1 = −
ma

m
an −

k

m
(zn − zeq) (2)

in whichma is the added mass, b the damping coe$cient, v the body’s velocity, k the spring

constant representing the hydrostatic restoring force and zn − zeq 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 ifma < m. Otherwise, an implicit

formulation is needed for a (3a) using a relaxation method with relaxation factor α (3b).

an+1i+1 = −
ma

m
an+1i −

k

m
(zn+1i − zeq) (3a)

an+1i+1 = αa
n+1
i+1 + (1 − α)a

n+1
i (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  uid solver is accelerated by using an optimal value for

α (4a). Consequently, only one sub-iteration is needed for (3b) if ma is known. However,

in general ma is unknown and varies from time to time (e.g a  oating body in an irregular

sea-state). Therefore Newton’s second law F =ma is linearised andma is estimated by (4b).

αoptimal =
1

1 +ma/m
(4a)

ma = −
Fn+1i − Fn+1i=1

an+1i − an+1i=0

(4b)

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  oating block

for whichma = 3m and compared to (3b) using α equal to 0.05 and 0.45. It is clearly shown in

Fig. 1, that (4a) accelerates the convergence signi!cantly between the  uid and motion solver.

Figure 1: Acceleration as a function of the number of iterations for di*erent values of α and

eq. (4a). During each time step, 20 iterations are performed.
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