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Executive Summary

This report describes experiments carried out on a model TLP in the Offshore Wave Basin
at the Danish Hydraulic Institute. The main objective of the experiments was to obtain data
that could be used to increase the understanding of the phenomena of flow separation and
vortex shedding from the TLP hull and its contribution to determining the response of the
TLP in waves. The investigators have proposed theoretical models for the phenomena
involved and the project has been set in the context of validating numerical codes in which
the models have been implemented. - :

The part of the overall programme uniquely associated with the project is the design of the
bilge edges of the TLP pontoons, which are square in section. The model has been
constructed so that the rounded bilge edges can be removed and exchanged sharp rectangular
edges. In previous studies into the viscous damping of bodies floating on the surface, sharp-
edged bodies were found to have smaller responses at the wave frequency than otherwise
identical bodies with rounded edges. This is consistent with the theoretical models and is a
significant piece of evidence in favour of their realism.

The aim of the project was to build on this previous work and to extend its scope to tethered
bodies floating in waves. Most of the numerical work has concentrated on predicting
responses at the wave frequency, but work is under development to extend the approach to
large amplitude low frequency responses. The experimental programme was set out with a
view to providing data that would be of benefit to the numerical work under development.

This report is divided into three main sections. In the first, the underlying rationale of the
experiments is introduced and the subsequent design of the model and the facilities used are
described. In the second part, the experiments themselves are described. In the third part
examples of the data are presented and results from some of the preliminary analysis
discussed.

The tests undertaken include the measurement of the wave environment and the model
responses in regular and irregular seas at various headings. Some forced motion tests and
some decay tests were also carried out. All the tests were performed for both rounded-edged
and sharp-edged models.

Preliminary analysis of the results have indicated that viscous effects (ie those associated with
flow separation) are important in the frequency range in which large amplitude low frequency
responses occur. Over most of the sea states investigated the rounded-edged model behaved
in a similar manner to the sharp-edged one, although where differences existed the latter
tended to be more heavily damped. An explanation for this has been proposed.
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INTRODUCTION

1.1 = The Project

The original proposal to carry out the project was put forward under the Access to Large
Scale Facilities Activity of the EU Human Capital and Mobility Programme. It was concerned
with the measurement of both the wave frequency and the slow drift frequency responses of
a floating body in both regular and irregular waves. The proposal had elements in common
with proposals put forward by Société d’Ingénierie de Recherches et d’Frudes En
Hydrodynamique Navale (SIREHNA) and a group of researchers from the St Petersburg State
Technical University and the Moscow State University of Civil Engineering. It was
subsequently agreed that the three groups, the University of Newcastle and Imperial College
(UNT & IC), SIREHNA and the Russian group, carry out a modified set of tests on a TLP
“in DHI’s Offshore Wave Basin and share rights of access to each other’s data in stipulated
areas of mutual interest.

The objective of that part of the programme carried out by UNT & IC, and described in this
report, was to measure the responses and other parameters of interest of the TLP subjected
to a regular and an irregular wave environment with a view to validating existing computer
code and code under development. The particular aspect of interest in both the experiments
and the codes is the contribution of viscous phenomena in determining the response of the
body.

1.2 Background

Viscous flow phenomena are of importance to many problems relating to the fluid loading
of offshore vessels and fixed or floating offshore structures. The common factor in the
solution of problems involving viscous effects, in so far as they are capable of solution, is that
the analysis techniques employed rely heavily on empiricism. The data required is obtained
through experiment, where possible, and on the basis of best estimates where it is unavailable.
Viscous damping in many cases can be attributed largely to flow separation and vortex
shedding from the surface and appendages of the body in question. A complete theoretical
description of such phenomena entails the use of the Navier Stokes equations, which become
prohibitively expensive for numerical solution for practical three dimensional cases involving
investigation of a range of frequencies.

One group of theoretically based methods that have shown promise in the solution of
separated viscous flow problems are those based on vortex methods (Graham, 1980, Graham
and Djanhansouzi, 1991). This report describes the latest in a series of experiments aimed at
validating theoretical techniques involving the application of vortex based methods matched
to potential flow solutions for structures floating in waves with a view to predicting the
viscous damping and response of the structure. Most of the numerical work that has been
carried out to date deals with responses at the wave frequency. Work under development
involves the application of related techniques to predict low frequency responses also.



1.3 Associated Numerical Work

IC & UNT have been collaborating for several years on a research programme investigating
the viscous damping of floating bodies. The programme has been carried out in phases with
projects being. undertaken alternately at the two institutions. In the first, undertaken at IC, the -
problem of the roll damping of barges was investigated. The prediction of the roll motion of
offshore transport barges using unseparated potential flow theory can grossly overpredict the
amplitude of the motion when the incident waves are at the natural frequency of the barge.
During the project a method was developéd for matching a local discrete vortex analysis for
flow about an isolated edge, with a global potential flow strip theory solution for flow about
the actual bilge edges of the moving barge (Downie, Bearman & Graham, 1988). The method
enabled the prediction of the roll motion of a barge floating in waves by a purely theoretical
approach carried out in the frequency domain.

In a subsequent project, carried out at UNT, the matching procedure was developed further
so that it could be used in conjunction with a fully three dimensional boundary element
solution for the global motion of floating bodies with viscous damping included for all six
degrees of freedom. The method was found to give results that agreed well with experiment
(Downie, Graham and Zheng, 1990a). A second approach was also developed in which the
viscous separation effects were modelled by a viscous edge panel, represented by a dipole
whose strength was determined by equating it with the far field behaviour of the vortices shed
from an isolated edge, in combination with the satisfaction of the Kutta condition at the bilge
edge (Downie, Graham, and Zheng, 1990b).

More recently, in a project carried out at IC, the boundary integral analysis was extended to
allow for a small mean flow and the viscous forces were calculated using a modified version
of original matching procedure which incorporated the effects of a mean flow. In the initial
work the problem was limited to slender bodies and used a linearised wave panel method in
which only the frequency of encounter was changed. The method was developed further by
adopting the approach of Nossen et al. (1991) for the potential flow calculation of the exterior
flow (Al-Hukail et al. 1994).

1.4 Experimental Validation

The numerical work described in the previous section has been validated by experiments
carried out by IC and UNT, and by comparing predicted results with the experimental and
numerical results of other authors. The initial projects were concerned with simple body
geometries such as seagoing transport barges. Flow visualisation experiments were carried out
by IC and UNT for such bodies (Downie, Bearman and Graham, 1988) which demonstrated
that the vortices predicted by the theory occurred and were of a similar scale to those
calculated.

Calculated damping coefficients of barges undergoing forced roll were compared with
experimental results from a series of experiments carried out by Noble Denton Ltd (1985) for
an Industrial Consortium and with the results of Vugts (1970). The predicted responses of a
barge floating freely in regular waves were compared with the results from experiments



carried out by Brown et al. (1983). Two otherwise identical models, one with sharp-edged
bilges and one with rounded bilges, were used in these experiments. The model with rounded
edges exhibited much larger roll responses in beam waves at resonance than did the sharp-
edged model. This behaviour is consistent with damping arising from flow separation and
vortex shedding, as predicted by vortex shedding theory (Graham, 1980).

In addition to these experiments, which were largely carried out by other investigators, a
series of experiments were conducted in the 18x9.5x2 m wave basin of the Fluid Mechanics
Laboratory of the Ecole Centrale, Nantes (Downie et al., 1994). A 0.38x0.38x1.6 m
rectangular model, of similar geometry to a pontoon of the Snorre TLP, was forced to
undergo planar motions using a large digitally controlled motor driven mechanism, named the
Generateur de Mouvements Plans (GMP). The model and the experiments were designed by
_1C and UNT and were carried out through, and with backup from, SIREHNA, who are located
at Ecole Centrale. The experiments had three main components, variation of the model
geometry, variation of the motion prescribed by the GMP and the superposition of an overall
translation through towing the GMP and model bodily. The model geometry was varied by
testing with sharp edges and with rounded edges of 0.066 m radius. In addition three sets of
experiments were carried out at different depths of submergence. In the first set, the centreline
of the model was 1 m below the mean water level in a configuration corresponding to flow
about a TLP pontoon. In the second, the depth of the submergence was 0.4 m, in a
configuration more appropriate to flow about a semi-submersible pontoon. The third set of
experiments were carried out with the centreline of the model coinciding with the mean free
surface, simulating the flow around the hull of a barge. As well as load cells, the model was
fitted with an array of pressure transducers located on the surface in a line along the girth at
the mid-section of the model and encompassing one of its edges. Transducers were also fitted
at one end of the model to monitor the two dimensionality of the flow. The experiments
yielded a number of interesting results that have been reported by Downie et al. (1994) and
Graham et al. (1995). ‘ )

The experiments described in this report are intended to provide results to complement those
of previous experiments and to extend their scope to the case of floating bodies so as to
provide material that can be used to validate numerical models to predict viscous damping
effects influencing wave frequency and also low frequency responses. Particular emphasis has
been placed on the effects of pontoon bilge radius. The effect of changing bilge radius is
expected to be mainly in the viscous damping since the changes in overall body shape are
small implying only small effects on the wave damping. TLP response at both wave
frequency and at low sway resonance frequency can involve separation. Therefore comparison
with the results of theoretical models which attempt to include this component of the force
are useful in their validation.

The DHI offshore wave basin has the capability to generate three-dimensional irregular waves.
A set of experiments was carried out for the model with both rounded and sharp-edged
pontoon bilges for model orientations of 0° and 45° in three dimensional irregular seas.
Although these tests are not directly relevant to the validation of the current numerical work
they were undertaken in the interest of future research projects.



THE EXPERIMENTS

2.1 The Objectives

The objective of the experiment is to obtain data relating to a tethered floating body for the
following purposes;

o to provide information concerning the nature of flow separation and vortex shedding
from the body, through the use of rounded and sharp edged pontoons on the model,

o to provide further information for validating current models concerned with viscous
effects at the wave frequency, obtained through forced motion tests, and tests in
regular waves,

o to provide information for validating models under development concerned with the

influence of viscous effects on wave frequency and low frequency responses of the
body, obtained through tests in both regular and irregular waves.

2.2 The Model

2.2.1 General Characteristics

The model used in the experiments is built of plywood and PEH tubing. In configuration it
resembles a 1:50 scale simplified version of the Snorre TLP, as shown in Figure 1.
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Figure 1 : Schematic of TLP model. Model dimensions in mm.

It was tethered in 6 m of water by four very thin tethers, one at each corner. The tethers were



made of stainless steel, and were lead through small diameter tubes in each column and
connected to small electro-motors mounted on deck, so as to allow their pre-tensioning.

The main characteristics of the model are listed below.

Displacement A=0751 m’
Centre of buoyancy KB =0.316 m
Waterplane moment of inertia I, =1,=0454 m*
Location of metacentre KM =1.533 m
Mass of model M =570 kg
Centre of gravity KG =1.036 m
Mass moment of inertia L, =1, =363 kg m?
' L, =451 kg m’
Pretension : F, =445 N

2.2.2 Pontoon Geometry

The pontoons of the model, which are rectangular in section, were designed and built so that
the bilge edges are removable. The pontoons can thus be adjusted at will to have either sharp
or rounded edges with a radius of curvature of 0.035 m.

2.2.3 Pressure Transducers

In the experiments carried out at Ecole Centrale (Downie et al., 1994) mentioned in Section
1.3 the model was fitted with pressure transducers, the objective being to gain further insights
into the vortex shedding process. In the event some difficulties were experienced in
maintaining the integrity of all of the transducers, and the results were difficult to interpret.
It was thought that the present project provided the opportunity to obtain. further data in this
area, although the pontoon hulls are smaller and the resolution therefore more difficult to
obtain. It was originally proposed to arrange a total of fourteen pressure transducers, eight of
which were to be distributed along a transverse centreline around one of the pontoon bilge
edges, and the remainder close to and parallel with one of the edges.

In the configuration finally adopted for the tests, some of the transducers were required at
locations specified by SIREHNA for the purposes of their tests, and the pressure transducers
themselves were of a larger diameter (0.5 inch OD) than originally envisaged. Eight
transducers were distributed along the transverse centreline of one of the pontoons, four on
either side of one of the lower outward facing edges, at a spacing of 1 inch between their
centres.



2.3 Forced Motion Generator

A bridge spans the smallest dimension of the wave basin alongside the 6 m pit in which the
wave rtesponse tests were carried out. A computer controlled hydraulically operated
mechanism was constructed on the bridge. It was designed to propel a cradle in harmonic
motion at preselected amplitudes and frequencies. The mechanism has a swoke of 1.3 m and
is subject to the constraints shown below.

Velocity (mys) 036 0.73 1l 1.47
Force (kN) 5.23 4.96 4,52 3.90

.The model was detached from its tethers, moved under the bridge and attached to the cradle.

The bridge provided the reactive force to counter the excess buoyancy. The apparatus was
designed and built specifically for the test within the time constraints imposed by the
programme. Some difficulties were experienced with regard to noise that were never
satisfactorily resolved.

2.4 The DHI Offshore Wave Basin
The tests were carried out in the DHI 3-D offshore wave basin which has been described by

Sterndorff and Skourup (1992) who refer to Aage and Sand (1984) for a more detailed
description. The principle dimensions of the basin are 30 x 20 x 3 m as shown in Figure 2.
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Figure 2 : DHI offshore wave basin, plan and cross-section

In the centre of the tank there is a 6 x 4 x 3 m deep pit with a removable cover, which in
turn contains a 6 m deep 2.5 m diameter shaft. The model tethers were terminated at the level
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of the bottom of the pit, 6 m below the mean free surface.

Sixty independent flap type wave makers generate waves originating along the widest side
of the basin. They are absorbed on the opposite side by a 6 m wide parabolic wave absorber.
Absorbers are also located along the side walls of the basin to remove cross waves. The wave
makers, which can be operated individually by a computer controlled hydraulic system, are
capable of generating regular and irregular long-crested and short-crested sea states. In some
of the present experiments they were used to generate waves inclined to the side of the basin
at an angle of 15°. In these tests, the model was. itself inclined at 45° so that it was inclined
at an angle of 30°.

2.5 The Data Acquisition System

A schematic of .the data acquisition systemis shown in Figure 4. It comprises three main
components; sensors collecting data relating to the environmental conditions, the forces to
which the model is subjected, and its responses, which are relayed to the data processing and
logging system located on the bridge over the basin, which-is in turn connected by ethernet
to the computer where the data is analysed and stored. The different types of sensor used
include wave gauges, force transducers, pressure cells, displacement potentiometers and
accelerometers. Detailed descriptions of these devices are given in the specifications provided
by DHI and contained in Appendix I

2.5.1 Wave measurements

Wave gauges were placed at the following locations (x,y) in the basin; (13,38), (17.5,38),
(19.5,38), (19.5,36) and (19.5,39.6). The coordinate reference system is illustrated in Figure
3 which also shows the basin’s facilities for generating currents, although they were not used
in this project. The gauges were arranged in two intersecting mutually
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Figure 3 : Coordinate reference system for wave gauges
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perpendicular lines of three gauges, each line parallel to one of the sides of the basin. The
gauges were conductivity type wave gauges, further details of which are given in Appendix
L

2.5.2 Force and pressure measurements

The tension in each tether was measured using stainless steel tension "S” cells, whose
specification is also given in Appendix L

Pressures were measured at eight locations on one of the pontoons as described in section
2.2.3. The pressure transducers comprised semiconductor straingauges mounted on and
measuring the deflection of a diaphragm at the centre of the sensor, which was mounted flush
with the surface of the pontoon. The specifications of the pressure transducers are also given
in Appendix L : : ’

During the experiments the sensor nearest the bilge corner on the outer face of the pontoon
(No. 5) was found to give erratic readings. Rather than cause long delays to the programme
through its replacement, it was interchanged with the sensor on the bottom of the pontoon
furthest from the shedding edge (No. 1), a much quicker operation. Reliable readings were
therefore only obtained from seven of the eight transducers used for this part of the
experiments.

2.5.3 Model responses

The model responses were measured using accelerometers and ship movement meters
mounted on and connected to the model, respectively. The latier comprise potentiometer type
transducers which measure translatory movements as angular displacements of the
poientiometer, and which are connected by light strings to appropriate points on the model.
Full details of the system are given in Appendix L.

2.5.4 Data monitoring and presentation

As the experiments ran, hard copy of the time series for the various measurements were
printed out for visual inspection. Any problems with the experiments or the data retrieval
system were detected almost as they occurred. The format of the logfiles can be found in

Appendix III which contains examples of logfiles for each type of test.

The data was transferred to IC and UNT on DAT tapes and 3.5" floppy discs.



2.6 The Experimental Programme

2.6.1 Overview

The experimental programme Telating to that part of the project involving IC and UNT
included the following types of tests;

o Tests in irregular waves at different headings,

‘O Tests in regular waves at different wave headings,
o - Decay tests,

©  Forced motion tests.

The tests are listed more or less as they were carried out chronologically in the tests. The
order of importance of the tests with regard to the project objectives would be as follows; the
tests in regular waves, the forced motion and decay tests, the tests in irregular waves.

Part of the programme, involving testing in irregular waves, overlapped with SIREHNA’s
interests and tests in these areas were carried out collaboratively with both parties having
access 1o the data. Two representatives from IC and UNT participated in the tests during the
period 16/1/95 - 31/1/95. The first part of that period was concerned with completing the joint
tests in irregular waves. The remainder of the tests were completed by the end of January -
with the exception of the forced motion and the wave calibration tests, due to unanticipated
problems with the forced motion mechanism that delayed the project. These tests were carried
out later in the overall programme and the data was sent to IC and UNT at the end of March.

2.6.2 Test Nomenclature

A system of labelling the tests by number was developed so that each test could be referred
to by a unique number that indicated the type of test that had been carried out. The
numbering system and the details of the file naming standard are given in Figure 5.

2.6.3 Irregular Wave Tests

The irregular wave tests were carried out jointly by SIREHNA and IC and UNT. The tests
carried out by IC and UNT followed on chronologically from those of SIREHNA. They
consisted of eight tests on the rounded-edged model in two dimensional waves with the wave
height ranging from 0.08 m to 0.22 m and the period from 1.5 s to 2.2 s with wave directions
of 0° and 45°. The duration of each test was one hour. The series was then repeated with a
sharp-edged model. The test details are given in Appendix IL
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Final version (6 Dec 94) pg.1

Project 8077 "EU-LSF, TLP Model Tests” FT/B0TT/060ee34
Test mumdering system:
1 0000-0199 Calibration Rune: descriptions 1o be entered in log
0200-0799 Resarved for definition later . -
0Shxx Fixed hull tests, O degres incidance, regular 20 waves of x< e haight
09xx Fixed hull tests, 45 degres incidencs, requiar 20 waves of xx cm height

1s¢ digit, Model configuration:

1200 Tests with rounded pontoon edges and no damping systoms

2x0¢ Tests with rounded pontoon edges and “risers” &5

3 Teste with rounded pontoon edges and “keel™ dampers

4y Tests with rounded pontoon edges and “barrier net na. 17 damping system
-Sxox Tests with rounded pontosn edges. end “barrier net no.2° demping system
' Tasts with rounded pontoon edges snd “dynamic cyfinder® demping system.
x| Tasts with sherp pontoon edges and na other dsmgping system

S Tests with forced motions, roundad edges and na demping systems

Sy Tests with forced motions, sharp edges and no damping systems

then the second digit is tha csclilation period divided by 0.25
amplitude incm. As en axsmple, test 8813
Far the remasining tests, numbering is &3

_Nate: When the first digitisanBora$ (and only then), La. forced mation tests,
soconds lexcept *0° which maane T 10 seconds}, and the thind and fourth digite are the (nesrest)
s a forced motion test with 4 1,50 second period end an amplitude of 13 cm (approximately).
described bolow: .

2nd digit, wave field type and direction of incidence:

xOnex Tests in xtill watar with O degree incidence (two legs hit simultansously)

x13¢ Tests with regular 20 waves and O degres incidence

X2xX Tests with irregular 20 waves and O degree incidence

x3xx Tesis with 30 waves and 0 degree incidence

xSxex Tests in still water with 45 degree.incidonce {one leg further upstresm than others)
x5xx¢ Tests with regular 2D waves and 45 degree incidence

x7xx Tests with iregular 20 waves and 45 degroe incidence

x9xx. Tests with 30 waves and 45 degroa incidence

Note that with regular 20 waves, tasts sre slways

“Docay tests”, whaoreas with irrsgular 20 waves (and with 30 waves) the mqdel is initially
in the still water equilbrum condition. . ’

3rd_and 4th digits, wave height in centimeters:

(8 Tests with 8 ¢m wave height xxt9 Tests with 19 cm wave height
xx10 Tests with 10 cm wave height ™22 Teoste with 22 em wave height
xx11 Tests with 11 cm wavs height 025 Tests with 25 cm wave height
x13 Tests with 13 ¢m wava height *xx30 Tests with 30 cm wave height
xx14 Tests with 14 cm wave height xx33 Tests with 33 cm wave height
xx18 Tests with 18 cm wave height xx40 Tests with 40 ¢cm wave height

Note that, due to the psrameters selocted in the test matrix, the wave period (whether T 0t T) is unanimously determined ance the wave
ity the wave period as part of the 4-digit

height (whether H ar H) and the wava tield type is known. Thera is consaquently no need to speci
numbering system.

File naming standard:
Each data file is uniquely identified by a namea coneicting of eight charscters. The firet four must be numbers, and they ace the test numbers

oxplained sbove. The lest four can be eelected freely, but are mostly letters, LOG1 normaily spacifies the rew data, FILT could ba a fitered
varsion, CALI a special calibration, MERG i often used for combinetions of channels, etc etc,

Figure 5 : Experiment number labelling system
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2.64 Regular Wave Tests

Regular wave tests were carried out for wave heights that ranged between 0.13 and 030 m
and periods that ranged between 0.95 and 2.2 s. The specifications for one complete set of
tests, usually fifteen in all, is given in Appendix II. Each set was carried out for wave
headings of 0°, 30° and 45°. And the three sets were carried out for both the rounded-edged
and the sharp-edged models.

Two extra tests were carried out for the sharp-edged body at a wave height of 0.19 m and a
period of 1.5 s, and a wave height of 0.30 m and a period of 2.0 s, for each wave heading.
They were designated tests xx16 and xx17.

All the regular wave tests had a duration of ten minutes.

2.6.5 Decay Tests

The decay tests were part of the joint SIREHNA/IC and UNT tests and were mainly carried
out during the SIREHNA test period. They comprised tests in still water at 0° and 45°
displacement angles, and the same tests repeated in waves with wave heights varying from
0 to 0.4 m and wave periods varying from 1.25 to 2.2 s. The test numbers were 1000, 1500,
1110 - 1140 and 1610 - 1640 respectively.

In addition IC and UNT carried out a yaw decay test, referenced as 0077.

2.6.6 Forced Motion Tests

Forced motion tests were carried out in the surge mode with Keulegan Carpenter numbers
ranging from 1 to 20, where the Keulegan Carpenter number is defined as

2
xC =212
™D

where § is the displacement and D is the pontoon diameter.

The details of the forced motion test programme are given in Appendix II.
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RESULTS

3.1 Presentation of Results

During the tests, logfiles were produced for diagnostic purposes. The logfiles list the
parameters associated with each data channel and give basic statistics, such as mean values,
standard deviations etc., for each channel. They also give hard copy of the time series for
each channel for the test duration. ' '

The logfile header pages and the first page of the time trace for each channel for each type
of test undertaken are given in Appendix III. The regular wave data for the round edged
mode! at headings of 0°, 30° and 45°are given in logfiles 0202, 1415 and 0315, and for the
sharp-edged data, 0408, 7418 and 0517.

The irregular wave data for two-dimensional and three dimensional waves at headings of 0°
and then 45° are given for the round-edged tests in logfiles 1208, 1308, 1708 and 1808, and
for the sharp-edged tests in logfiles 7208, 7308, 7708 and 7808.

Other results arising from the preliminary analysis of the data are given in the following
section.

3.2 Discussion of Results

The tests of the most direct interest to the IC and UNT project are the regular wave tests and
the forced motion tests. The main tests in regular waves were conducted for 0° heading so
that the response of the platform was, with a few exceptions, effectively entirely in surge. The -
wave heights were measured in the absence of the platform and monitored at five stations
around the platform during the tests. The waves were started impulsively causing an initial
offset followed by damped or sometimes undamped slow drift oscillations at the natural
frequency of the platform on its tethers in surge, together with a surge response at the wave
frequency, as shown in Figures 6 and 8.

Wave frequency responses were calculated from these time histories and have been compared
with the predictions of theory. These predictions are obtained from a source panel code for
the potential flow about the structure in which is incorporated a viscous component to model
the effect of vortex shedding from the pontoons of the TLP. This theory which involves
matching an inner vortex shedding computation to the flow field generated by the outer
inviscid panel code is described in detail in (Downie, Graham and Zheng, 1990a).

In the present case the TLP model was tested separately with rounded-edged and with sharp-
edged pontoons in order to evaluate the vortex shedding effect from the bilge edges. This
effect is much less pronounced for surge or sway motion at the wave frequency than it is in
single hull roll response because of the large wave damping component in surge and sway
relative to that in roll.
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Damped low frequency surge

Figure 6
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