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ganisation, the CFD code adjusts the time
steps internally to reach a solution, but
since the two codes are combined the in-
ternal clock is consistent.

All methods have been partially validated
against experimental data (Bass & Cumming,
2000; van Daalen et al., 2000; Woodburn et
al., 2001).

The two replies, also studying Ro-Ro fer-
ries, took a different approach, which was out-
side the classical definition of CFD. In one case
a 6DOF non-linear time domain motions code
has been expanded to 9DOF by considering the
fluid as a lump mass. Hydrodynamic coeffi-
cients related to ship-wave interaction are cal-
culated externally with a frequency domain
panel method. Calculated quantities are then
transferred to the time domain by the Impulse
Response Function technique. Flooding and
draining of compartments can be modelled.
The method has been validated against experi-
ment data (Papanikolaou et al., 2000).

In the other case, the underlying equations
of the ship are derived from conservation of
linear and angular momentum applied to rigid
bodies, extended to include the internal fluid
mass in six degrees of freedom. The Froude-
Krylov and restoring forces and moments are
integrated up to the instantaneous wave eleva-
tion, the radiation and diffraction forces and
moments are derived from linear potential
flow theory and expressed in time domain
based on convolution and spectral techniques,
respectively. The hull asymmetry due to ship
flooding is taken into account by a “database”
approach, whereby the hydrodynamic coeffi-
cients are predicted beforehand, and then in-
terpolated during the simulation. The correc-
tion for viscous effects on roll and yaw modes
of motion is applied based on empirical meth-
ods. The second order drift and current effects
are also catered for, based on parametric for-
mulations. Fluid sloshing has been modelled
by a free mass point moving due to the
acceleration field and restrained geometrically
by predetermined potential surfaces of centre
of buoyancy for given amount of floodwater.

This model is derived from simple rigid body
motion consideration. Finally, an artificial co-
efficient is introduced to represent damping of
floodwater motion. An ad hoc value of 0.15 is
adopted for this coefficient derived for simple
box-shaped compartment from comparisons
with experimental data. With the geometric
information about the tank stored in a data-
base, the model is complete. The method has
been validated against experiment data
(Jasionowski & Vassalos, 2001).

The major advantage of the lumped mass
approach is that it is computationally more
efficient than the traditional CFD methods,
and provided that there is not a significant
amount of sloshing of the fluid, the prediction
of ship motions, including the dynamics of
floodwater is of acceptable accuracy. Flood-
ing and draining issues are handled with em-
pirical methods.

Using CFD for predicting water motion on
the deck and its effect on ship motions was
the focus of the survey. Other approaches that
have been used in the past are to use either
lumped mass (as one survey respondent did)
or to use potential flow but for non-linear
waves (Huang & Hsiung, 1996). In this case,
Euler’s equations were used for non-linear
shallow water flow on the deck, with a flux
split based on the characteristic directions of
motion. The method was employed for two
and three-dimensional decks. Whilst this is
not CFD in the classical sense, it is a valid
approach for tackling the problem, provided
that the volume of water on the deck is con-
stant or changing very slowly with time.

An area that is similar to the extreme mo-
tions and capsize problem is sloshing of fluid
within tanks on a ship. Related to this, Cariou
& Cassela (1999) give a comparison of nu-
merical results for 11 different CFD codes.
This paper summarizes the time and space do-
mains, viscosity, compressibility free surface
and wall condition for each of the codes, and
compares results for specified cases. The first
was a simple two-dimensional problem, and
compared the surface elevation of the fluid in
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an oscillating rectangular tank for a range of
amplitudes and periods. The second case was a
3D problem, consisting of an LNG cargo tank,
excited for a combination of pitch and roll,
again for a range of amplitudes and periods.

An alternative to the grid based CFD ap-
proaches is Smoothed Particle Hydrodynam-
ics (SPH). In this method the fluid is idealised
as elemental particles, and the tracks of these
particles are followed during the computation.
The method was originally developed for as-
trophysics problems, but has since been ap-
plied to free surface problems. The method
can give a good prediction of breaking waves,
but according to Beck & Reed (2001), de-
tailed comparisons of pressures and fluid ve-
locities for simplified problems are not avail-
able. The method has been used to obtain
some interesting results for the sloshing prob-
lem and post-breaking behaviour of waves.
Naito & Sueyoshi (2001) presented results for
an SPH prediction of water moving on the
deck of a flooded Ro-Ro ferry.

6. SYMBOLS AND TERMINOLOGY

A number of international organisations
have been involved in ship stability for many
years and have developed their own symbols
and terminology for the field.

As these organisations have been using
their symbols and terminology for a number
of years, it is felt that it is now not practical to
develop a single set of symbols and terminol-
ogy to be used by all working in this field.
However, the need has been identified, fol-
lowing a comprehensive review by Frances-
cutto (2002), for taking immediate action on
some items that are directly linked to stability
and recommendations to this effect are put
forward. Moreover, a table comparing the
symbols used by ITTC; ISO 12217; HSC
2000; and IMO has also been prepared and
submitted to the Symbols & Terminology
Group (Francescutto, 2002). This report is
also posted in the web site of the committee.

7. CONCLUSIONS AND
RECOMMENDATIONS

7.1. General Technical Conclusions

As the maritime industry progressively
moves towards performance based criteria to
address safety issues, there is wide scope and
a major opportunity for member organisations
to benefit from these developments.

However, the severe limitations identified
in the existing numerical models for predict-
ing ship capsizing and extreme motions needs
to be addressed as summarised below:

7.1.1 Prediction of Intact Ship Capsizing
and Extreme Motions

At this stage there is a limited number of
numerical models for predicting intact ship
capsizing and extreme motions with a range
of different levels of sophistication and pa-
rameters. Only a few of these models consis-
tently agree qualitatively with all the extreme
motions and modes of capsize identified in
free running model experiments. None of the
models does so quantitatively.

More work is required to improve the
agreement between physical and numerical
model tests results.

7.1.2  Prediction of Damaged Ship Capsizing

At this stage there is a limited number of
numerical models for predicting damaged ship
capsizing. Unlike the case for intact ships,
most models can consistently predict the cap-
size boundaries obtained from model experi-
ments in realistic sea conditions, albeit for the
specific damage scenario and mode of capsize
considered in the benchmark tests.

There are, however, fundamental differ-
ences in the way these models handle flood-
water/ship dynamics, none of the models giv-
ing good agreement, either qualitatively or
quantitatively, with results from physical
model experiments.
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Before confidence can be gained in these
models, wider application to different damage
scenarios and ship types is required.

7.1.3  Guidelines and Procedures

Those member organisations involved
with experimental testing of intact and dam-
age stability generally follow the guidelines
recommended by the 22nd ITTC as appropri-
ate, justifying the adoption of procedures
based on these guidelines as refined by the
work undertaken by this committee.

7.1.4 Symbols and Terminology

The rationalisation of symbols and termi-
nology for stability has not been made possi-
ble, as international organisations directly
dealing with the subject are too ingrained in
the use of symbols different to those adopted
by the ITTC. Notwithstanding this, it is rec-
ommended that steps are taken to communi-
cate widely the use and encourage the adop-
tion of the Greek symbol “p” to denote
heel/list/roll angle.

7.2. Recommendations to the Conference

Adopt the Procedure “Seakeeping — Model
Tests on Intact Stability” 7.5-02-07-02.5.

Adopt the Procedure “Seakeeping — Model
Tests on Damage Stability” 7.5-02-07-02.6.
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