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Résumé

La combinaison de la crise climatique et de la crise énergétique presentant un défi
sans précédent, beaucoup de pays s’efforcent à décarbonner rapidement leur consomma-
tion d’énergie. Supportant cet effort, le développement rapide de l’éolien en mer au cours
des dernières décennies a suscité un intérêt croissant de la part de l’industrie énergétique
et est l’objet d’innovations importantes. L’une des innovations majeures du secteur est
le développement de concepts d’éoliennes en mer flottantes (abbevié FOWT en Anglais)
montées sur des flotteurs dont les protoypes sont inspirés de l’industrie pétrolière et ga-
zière. En permettant l’accès aux eaux plus profondes, cette innovation est censée ouvrir
l’accès aux plus importantes ressources d’énergie éloliennes du monde entier.

Parmi les différents concepts de flotteurs, la Plateforme-à-Ligne-Tendue (abbrévié TLP
en anglais) a la particularité d’être coulée dans une position de flottabilité positive. La
plateforme est ensuite retenue par des tendons d’ancrages qui lui assurent une part impor-
tante de sa résistance aux charges aéro-hydrodynamiques. Cette configuration permet de
réduire la taille du flotteur, mais nécessite une bonne compréhension du cycle de charge
extrême dans les lignes d’ancrage. Cependant, comme un tel système est très rigide dans
les degrés de liberté verticaux, celui-ci est sensible aux cycle de charges en hautes fré-
quences qui peuvent générer une réponse résonante ou des effets transitoires élevés. Selon
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la littérature, une telle réponse peut conduire à des phénomènes de "springing" et de "rin-
ging" [7,8]. Il est donc important pour l’industrie d’avoir accès à des modèles numériques
suffisamment précis pour calculer ces forces non-linéaires dans des états de mer réalistes
afin d’estimer la probabilité d’occurrence de tels événements pour un projet donné. Pour
ce faire, il est nécessaire de comprendre les composantes des forces de deuxième et de
troisième ordre dues aux interactions en mode somme de la houle. Bien que certains sol-
veurs BEM (Boundary Element Method) peuvent être utilisés pour calculer les forces de
diffraction de deuxième ordre dans le domaine fréquentiel (via les fonctions de transfert
quadratiques, QTF), l’étude des charges hydrodynamique au troisième ordre n’a pas été
intégrée dans les méthodes d’ingénierie actuelles et reste un domaine de recherche depuis
les années 90 avec les publications de Faltinsen et al. [10] (dénommé FNV ci-après) et
Malenica et Molin [18], basées sur la théorie du flux potentiel. Cet article a donc pour
but d’estimer la pertinence de ces méthodes pour la conception d’éoliennes en mer sur
flotteur de type TLP.

Summary

With the combination of climate and energy crises bringing unprecedented challenges,
countries are pushing to rapidly decarbonise their energy consumption. As part of this
effort, the rapid development of offshore wind in the last decades has led to growing
interest from the energy industry which is benefiting from important innovations. One of
the most significant innovations of the sector is the development of floating offshore wind
turbine (FOWT) concepts supported by floating platforms inspired from the oil & gas
industry. By enabling access to deeper water this innovation is expected to unlock access
to the most significant resources of offshore wind across the globe.

Among the various concept families for FOWT foundations, this paper deals with the
Tension-Leg-Platform (TLP) which has the particularity of being sunk into a position of
positive buoyancy. This platform is then restrained by pre-tensioned lines which provide a
significant portion of the resistance against aero-hydrodynamic loads. This configuration
enables to reduce the size of the platform hull but requires a good understanding of the
extreme load cycle in the mooring lines. However, as such a system is very stiff in the
vertical degrees of freedom, it is sensitive to high-frequency loads which can generate a
resonant response or high transient effects. According to the literature, such a response can
lead to “springing” and “ringing” phenomena [7,8]. It is therefore important for the industry
to have access to numerical models that can calculate the nonlinear forces generated by
realistic sea-states to estimate the probability of occurrence of such events for a given
project. This requires both an understanding of the second and third-order sum-frequency
wave loads. While frequency domain BEM (Boundary Element Method) solvers can be
used to calculate second-order diffraction forces (via Quadratic Transfer Functions, QTFs),
the study of third-order high-frequency wave loads has not been integrated into the current
engineering methods and is still a research field since the ’90s with the publications of
Faltinsen et al. [10] (denoted FNV hereafter) and Malenica and Molin [18], based on the
potential flow theory. This paper aims at estimating the relevance of these methods for
engineering applications to TLP-type FOWT.
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I – Introduction

The study of third-order wave load models on cylinders is still a debated topic. Fal-
tinsen et al. [9] developed an approach based on the perturbation method to calculate
wave forces on cylinders up to the third order based on the long wave approximation. It
was later extended by Newman and Kristiansen & Faltinsen [23, 16] to include irregular
waves and finite water depth condition. This model gives a distributed wave load which is
applicable to the strip theory and hence akin to a higher-order extension of the Morison
equation. On the other hand, Rainey [24, 19, 25, 6] derived equations based on an energy
argument to describe nonlinear wave loading on bottom-mounted and truncated cylinders.
Finally, Malenica [17] and Malenica & Molin [18] published the semi-analytical solution
to the third-order potential flow diffraction problem for a bottom-mounted cylinder in
a uni-directional monochromatic wave field. These three approaches are the existing en-
gineering methods which will be of interest in this paper. Rainey argues that methods
based on a perturbation expansion, including both FNV and semi-analytical potential
flow approaches, are unsuited to study the ringing phenomenon as they are expected to
diverge with increasing wave amplitude. However, for multichromatic cases, Johannessen
[13] proposed a frequency-limited condition to the interaction between frequencies in the
FNV approach aimed at removing challenges due to the long-short wave interaction. This
is credited with reducing some of the divergences in weakly nonlinear problems.

The issue of the ringing phenomenon for TLP platforms has been known since the ’90s
with publications by Kim [14] and Teng & Kato [26] noting the importance of including
higher-order models. In more recent studies, Bachynski [1] and Bachynski & Moan [2, 3]
used existing engineering numerical methods (QTFs + FNV) to analyse the effect of
higher-order forces on floating wind tension-leg-platform (FWTLP) . The results showed
that including the higher-order load models increased the probability of extreme tension
and contributed significantly to the fatigue damage of the structure. A recent study on
the Pelastar TLP [12] used the Rainey approach to model the platform hydrodynamics
in fully non-linear monochromatic wave-fields. However, to the knowledge of the authors,
there has been no clear analysis of the accuracy of these formulas for modelling FWTLP.

Therefore validating the use of "engineering" load models on floating wind platforms
with higher fidelity methods is important for the industry. The focus of this study is to
model high-order wave loads on fixed vertical cylinders which may be hydrodynamically
similar to a truncated cylinder used in TLP FWTs when it is connected to tendons. The
transfer functions of the third-order wave loads obtained using the strip theory models
and semi-analytical potential flow are compared against measurements from a CFD-based
Numerical Wave Tank (CFD NWT).

II – Methodology

This study aims to compare the various low-fidelity wave-interaction models which
are available to engineers for the stochastic design of FWTLP. Most FWTLP concepts
consist generally of a single surface piercing element which typically takes the shape of
a truncated cylinder. This simple geometry has the advantage of being a standard case
in the development of wave-structure interaction models. Therefore, the third harmonics
of the wave loads generated by a monochromatic wave-field on a truncated cylinder as
obtained from various low-fidelity approaches are compared against results obtained from

3



a CFD NWT. The application of the truncated cylinder approximation is analysed within
the context of a full platform by comparing the previously found force transfer function
against those generated by the CFD NWT on the central mast when the entirety of the
platform is considered. For the purpose of validation of the CFD NWT, a comparison is
first made with the experimental results of Kristiansen & Faltinsen [16] concerning the
wave loads on a bottom-seated cylinder in monochromatic waves.

II – 1 Numerical models

Strip theory models

Rainey load model : Several load models have been proposed following the long-wave
approximation of Morison equation [22]. The first one was the model by Rainey [19, 24, 25]
which is derived based on an energy argument and, according to its author, applicable
to fully nonlinear seas. The Rainey load model amounts to an extension of the Morison
equation by adding the convective acceleration and an axial divergence term. Furthermore,
Rainey added point load terms to account for end-effect on cylinders. The Rainey expres-
sion for the force due to the incident and scattered potential is shown in Equation 1 below.
The first term is the equivalent the Froude-Krylov force while the second represents the
long-wave approximation of the diffraction force accounting for higher-order effects due
to convective acceleration. However, for circular cylinders with symmetric added mass,
Manners and Rainey showed [19] that the convective acceleration velocity gradients cancel
each others. The last term is the axial divergence term which is at second-order amounts
to a linear approximation of the dynamic pressure force.

FxID(t) =

∫ η

−d

[
ρπa2u̇+ ρπa2mau̇+ ρπa2mau

∂w

∂z

]
dz (1)

Where a is the cylinder radius, d the cylinder draft, u and u̇ are respectively the wave
orbital velocity and acceleration in the x-direction, w the wave orbital velocity in the
z-direction and ma the hydrodynamic added mass coefficient.

On top of the distributed forces, Rainey [25] derived several point load terms, also
summarised in Chaplin et al. [6]. The first one is generated at the free surface intersection
with the cylinder and is due to the uneven distribution of the fluid on the wetted hull.
Chaplin et al [6] noted a third-order error in this solution compared to the FNV method
and proposed a corrective term. However, the authors note that this correction term is
incompatible with Rainey’s theory and therefore is not retained here. The second is a
representation of the load distribution around the submerged end of cylinders generating
both a vertical and horizontal load component.

FxS(t) = −ρπa2

2
u(t)2

∂η

∂x
(2)

FxEnd(t) = ρπa2u · w (3)

FzEnd(t) = ρπa2(u2 + v2) (4)

Where u, v and w are respectively the orbital wave velocity in the x, y and z-direction.
The total surge force on the cylinder is the sum of the previously defined terms.

Fx = FxID + FxS + FxEnd (5)
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FNV load model : At the same time as Rainey, Faltinsen, Newman and Vinje [10]
derived a formula to account for higher-order wave loads on a vertical cylinder in infinite
water depth based on the series expansion of the wave potential and keeping with the
long-wave approximation. It was later extended for the unidirectional irregular wave case
[23] and then to the finite water depth case by Kristiansen & Faltinsen [16] which provide
the following equations.

FxID(t) =

∫ η

−d
ρπa2

(
u̇+ u

∂u

∂x
+ w

∂u

∂z

)
+ ρπa2ma

(
u̇+ w

∂u

∂z

)
dz (6)

A nonlinear wave-load term is included to account for the nonlinear contribution of the
third-order potential.

FxΨ(t) =

[
ρπa2

βψ
g
u2u̇

]
z=0

(7)

The total surge force on the cylinder is the sum of these terms.

Fx = FxID + FxΨ (8)

Semi-analytical potential flow

The derivation of the horizontal third-order forces on a cylinder in a semi-analytical
potential flow approach follows a similar procedure to their derivation at first-order (Mc-
Camy Fuchs [20]) and second-order (Kim & Yue [15] and Huang & Eatock Taylor [11]) but
bringing more complexity and convergence challenges. The free surface Bernouilli pres-
sure and kinematic boundary equation at the instantaneous free surface are combined. A
Taylor expansion is applied to generate a homogeneous equation for the linear solution
and a series of non-homogeneous higher-order terms.

g
∂ϕ(1)

∂z
+

∂2ϕ(1)

∂t2
= 0 at z = 0 (9)

The second and third-order potentials depend on the respective incident and scattered
free surface from lower-order terms as is visible in term Q(2) in Equation 10. The third-
order free surface term, Q(3), is too complex to be written here and may be found in the
original paper by Malenica & Molin [18].

g
∂ϕ(2)

∂z
+

∂2ϕ(2)

∂t2
= Q(2) = g∇⃗ϕ(1)∇⃗η(1) − 1

2
(∇⃗ϕ(1))2 at z = 0 (10)

g
∂ϕ(3)

∂z
+

∂2ϕ(3)

∂t2
= Q(3) at z = 0 (11)

The third-order forces as derived by Malenica [17, 18] are provided below.

F
(3)
1 = −iωρ

8g

∫
Wl

[
ϕ(1)(∇ϕ(1))2 +

ω2

g
ϕ(1)3

]
ndl (12)

F
(3)
2 = −ρ

2

∫ ∫
S

∇ϕ(1)∇ϕ(2)ndS − ρ
ω2

g

∫
Wl

ϕ(1)ϕ(2)ndl (13)

F
(3)
3 = 3iωρ

∫ ∫
S

ϕ(3)ndS (14)

Where, Wl is the mean waterline, S is the mean wetted surface of the structure and
n a vector normal to the structure surface.
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The second and third-order potentials can each be derived as a sum of an incident
potential (Froude-Krylov force) and a scattered potential due to the diffraction over the
body. The derivation of the second and third-order scattered potential requires an inte-
gration of the potentials over the free surface to infinity. These integrations are complex
in their form but can be solved numerically by a code as done by Malenica [17]. It must be
noted that this method applies to bottom-mounted cylinders. However, Teng & Kato [26]
showed that the difference between bottom-mounted and truncated cylinder is negligible
for draft to radius ratio of d/a > 4.

Navier-Stokes Solver

neptune_cfd is a multi-phase flow finite volume CFD solver which is being deve-
loped at EDF R&D in collaboration with the CEA, Framatome and IRSN. As described
in [4, 5], the solver uses the pressure correction approach to solve a set of three balance
equations for each field of a multi-phase flow. This is done by volumetric averaging of
the instantaneous balance equations where in a multi-phase flow the one property of the
k-phase volumetric fraction :

N∑
k=1

αk = 1 (15)

To describe ocean gravity wave, the problem can be focused on an adiabatic liquid-gas
flow hence simplifying the mass and momentum equations for each phase k as follows :

∂(αkρk)

∂t
+ ∇⃗ · (αkρkU⃗k) = 0 (16)

∂(αkρkU⃗k)

∂t
+ ∇⃗ · (αkρkU⃗kU⃗k) = −αk∇⃗P + αkρkg⃗ + ∇⃗ · ¯̄τk +

N∑
p=1p ̸=k

M⃗p→k (17)

Figure 1 – Geometry of CFD flume

To model ocean waves, the relaxation zone method is used through the imposition of
either a surface elevation or a wave velocity profile at the inlet boundary. In this study,
a wave velocity profile determined by the Stream Function of order 20 is imposed at the
inlet. As described in detail in [4], the structure can be modelled in neptune_cfd using
a zero-porosity function where the fluid is given a porosity 1 and the structure a porosity
of 0. The geometry of the object is given as an input and the solver finds the interface cell
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between the object and the fluid. The interface cells are redefined with smaller elements
by the solver and represented by a porosity between 0 and 1.

ϵ(x, t) = 1− αs(x, t) (18)

With ϵ being the time and space-dependent porosity and αs being the volumetric frac-
tion of the solid phase. This then modifies the volumetric fraction balance described in
Equation 15 as follows.

N∑
k=1

αk = ϵ(x, t) (19)

This enables the user to have a single Cartesian mesh for the entire fluid-solid domain
and impose the solid geometry in the mesh nonexplicitly.

II – 2 Geometry

The object of our study is the academic prototype of a FWTLP designed at EDF R&D
to serve as an experimental physical model to test in EDF’s tank testing facilities [8]. The
prototype takes the form of a tri-floater with a central mast (or transition piece - TP). The
TP is the main surface piercing element, as in many FWTLP concepts. Its geometry can
be approximated as a vertical truncated cylinder for which many load models have been
calibrated on. However, the presence of large buoys could potentially interfere significantly
with the flow and introduce discrepancies.

Table 1 – EDFTLP geometry

Properties 1 :1 prototype
Draft 18 [m]

Vertical Position of CoG from waterline 32.9 [m]
Transition Piece diameter 8.8 [m]

Side buoys diameter 11 [m]

(a) (b)

Figure 2 – Overview of EDF academic TLP (a) DIEGO numerical model (b) physical
model
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II – 3 Comparison methodology

Therefore, the aim of this study is to analyse the accuracy of load models based on
the truncated cylinder assumption in order to assess the validity of using them to model
the TP of a complex structure such as a tri-floater. First, a validation of the numerical
models and CFD NWT is carried out on the TP modelled as bottom seated cylinder using
the experimental data of [16]. The case of a truncated cylinder in realistic water depth is
then considered and compared to the results of the CFD NWT prediction when the entire
platform is modelled.

Numerical models

The low-fidelity numerical models considered are summarised below.
• DIEGO-FNV S5 : Kristiansen & Faltinsen FNV with Stokes’5 Fenton wave model

implemented within EDF R&D Aero-Hydro-servo-elastic tool DIEGO with FNV
non-linear coefficient of βψ = 4

• DIEGO-Rainey Stm : Rainey’s equations combined with the Stream Function wave
model of order 20 implemented within the EDF R&D Aero-Hydro-Servo-Elastic
tool DIEGO.

• SEM-M&M : Malenica & Molin semi-analytical diffraction model for third-order
loads evaluation [17, 18], kindly shared by S. Malenica.

Strip theory models EDF’s aero-hydro-elastic code DIEGO is used in this article to
calculate the high-order strip theory model loads. The velocities, acceleration and resul-
ting 2D forces are calculated and integrated numerically in the time domain up to the
instantaneous free surface. For these strip theory models, the drag contribution is also
added. A drag coefficient of CD = 1 is assumed considering all cases studied involve low
KC numbers. The amplitude and phase of the force harmonics are then calculated via
FFT. The full scale discretisation of the cylinder is of 0.1 m per element.

Semi-analytical potential flow model The approach of Malenica is retained in this ar-
ticle as the diffraction code was kindly supplied by its author. Furthermore, the draft
of the TP is at d/a ≈ 4 which is considered sufficient to neglect the truncated cylinder
effects according to Teng & Kato [26].

CFD parameters The mesh of the CFD models in the working zone uses a refinement
of at least 320 cells /λ in the wave propagation direction (x), 200 cells /λ perpendicular
to the wave direction and 49 cells /λ in the vertical direction. A geometric progression is
then used to gradually increase cell size outside of the working zone.

Model validation on experimental results

Kristiansen & Faltinsen paper on the extension of FNV to finite water depth [16]
include a set of experimental data of harmonic force transfer function on bottom-mounted
cylinders. Their results are compared in their paper against the FNV load model using a
Stoke’s Fifth order wave theory. In this study, to validate the capture of nonlinear forces
in the CFD NWT, the case with the highest wave steepness, H/λ = 1/25, h/a = 7.83 is
considered and the experimental set-up is scaled-up to meet the EDFTLP TP dimension
with a = 4.4 m.
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Truncated cylinder case and its application to a full TLP

The low-fidelity load models are then applied to the transition piece (TP) of the
EDFTLP. This is because this is the main surface-piercing element of this platform. This
element is therefore usually assumed to generate most of the third-order loads. The force
transfer functions on the TP generated by low-fidelity models are compared against the
CFD results on the truncated cylinder of the TP on its own (Figure 3a) and on the TP
within the structure of the EDFTLP platform (Figure 3b).

(a) (b)

Figure 3 – Screenshots of the CFD models of the (a) TP alone and (b) the full EDFTLP

The transfer functions are obtained from the monochromatic wave conditions descri-
bed below. The typical wave frequency range of an ocean spectra is considered and two
steepness values are investigated to identify the potential increasinfull-scaletion of the
drag on the third-order force as well as the divergence of models based on perturbation
theory.

• Frequency : ka = 0.035 - 1.0 ; T = 24.5 - 4.5 [s]
• Steepness : kA = 0.10 - 0.20 ; H/λ ≈ 3− 6 %
• Water depth : h = 100 [m]

III – Results

Bottom mounted cylinder case of Kristiansen & Faltinsen

The comparison of third-order surge force and pitch moment amplitudes with publi-
shed results of Kristiansen & Faltinsen [16] is plotted in Figure 4a and 4b. The second
and third-order normalised point of attack, defined for order n as M (n)

y /F
(n)
x h, are plotted

in 4c and 4d.

Results for the force of the CFD model in Figure 4a match well with the experimental
results of the third-order force. The results of the strip theory models tend to agree more
with the FNV analytical curve although less so at low frequencies. It also appears that the
Rainey load model provides a better description of the third-order force than the FNV
model. The addition of the drag also seems to improve the results at lower frequencies.

For the third-order pitch moment in Figure 4b, however, it is observed that the CFD
results falls below the experimental data whereas the strip theory models appear to fall wi-
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(a) (b)

(c) (d)

Figure 4 – Comparison of normalised third-order surge force (a) and pitch moment (b)
transfer function and second (c) and third-order (d) normalised point of attack against
published results of [16]. KF2017-Expe : Kristiansen & Faltinsen experimental results ;
KF2017 - FNV : Kristiansen & Faltinsen numerical results ; DIEGO-FNV & DIEGO-
Rainey : results from strip theory model using time-domain aero-hydro-elastic solver
DIEGO ; CFD : results from the neptune_cfd NWT

thin the experimental scatter. When looking at the third-order normalised point of attack
of Figure 4d, it is observed that the experimental results present a point of action of the
third-order force as high as 1.2 to 1.5 the total water depth. This falls well above the maxi-
mum incident wave elevation. This observation is relatively unexpected and could suggest
some significant run-up effects. The CFD result respect the trend of the experimental data
while remaining below the maximum wave elevation. The authors acknowledge additional
investigations and discussions would be necessary on this point, considering that inac-
curacies can come both from the CFD model and from the experiments. Kristiansen &
Faltinsen mentioned noisy measurements for the overturning moments and even discarded
their results above a certain frequency.

Another note-worthy observation is the capture by the CFD model of the Type-2 waves
mentioned in [6, 27, 16] taking the form of a rear run-up visually comparable to the one
reported in pictures published in the original paper [16]. It is noted that the porosity
method does not necessarily provide a very detailed visual output of the flow around the
cylinder since the structure is not meshed explicitly and the cell size in the working zone
is kept constant.
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(a) (b) (c) (d)

Figure 5 – Visualisation at 0.07T interval of the rear run-up on the cylinder obtained
from neptune_cfd for case ka = 0.127, h/a = 7.83, H/λ = 1/25

Truncated cylinder case

TP alone

The results shown in this section concern the comparison of the engineering models
with the CFD model of the truncated cylinder. The third-order force transfer functions
are shown below in Figure 6 for the two steepness cases considered.

It can be seen that at low-frequency, the amplitudes of all models follow the same trend
and asymptotically tend to zero. It must be noted that the graphs in Figure 7 use a
different normalisation in a3 rather than the transfer function normalisation in A3 in use
here. At higher frequency, the strip theory models appear to diverge and overestimate the
amplitude of the third-order force beyond ka = 0.4. This phenomenon is more pronounced
for the FNV model than the Rainey model. This is due to the coefficient chosen as βψ = 4
as per the original paper of Kristiansen & Faltinsen. The authors note that if a coefficient of
βψ = 1 is used as in [21], the FNV and Rainey approach becomes pretty much equivalent.
On the other hand, the semi-analytical results of Malenica & Molin appear generally to
provide a more accurate picture of both the amplitude and phase of the surge force and
pitch moment. In fact, it can be seen from Figure 6 that there is a significant difference
in the phase of the third-order loads between the strip-theory models on one hand and
the CFD and semi-analytical results on the other.

It is observed that the prediction for the surge force amplitude from the low-fidelity
models is more accurate in surge than in pitch. Furthermore, increasing wave steepness
seems to reduce the force and moment amplitudes generated by the CFD model while
having a marginal effect on the strip theory models hence increasing the discrepancies.

It is noted that the phase of the strip theory non-viscous force should be 90◦ out of
phase with the incident wave and hence at 270◦ in the graphs of Figure 6. The low-
frequency phase shift observed in these models is therefore due to the drag contribution
which appears to have a strong influence in approaching the CFD results at low frequency.
This phenomenon is better seen at the higher wave steepness. Beyond the low-frequencies
ka > 0.05− 0.1, the strip theory models phases appear to tend to 270◦ which diverges si-
gnificantly from the CFD and semi-analytical prediction. As the semi-analytical potential
flow does not include a viscous component, the low-frequency agreement in phase with
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(a) (b)

(c) (d)

Figure 6 – Comparison of normalised third-order surge force and pitch moment transfer
function with CFD results on TP alone (blue diamond) - (a)(b) kA = 0.10, (c)(d) kA =
0.20

the strip theory models when including the drag contribution does not appear to have a
straightforward physical explanation.

Application to the TP within full platform case

When comparing the force transfer function generated by the CFD model of the TP
alone (Figure 3a) with those on the TP within the full platform (Figure 3b), it appears that
no significant discrepancies in amplitudes nor in phase are observable at low-frequencies.
At higher frequencies, the amplitude of the TP within the full EDFTLP model appears to
oscillate around those of the model of the TP alone. This suggests that as diffraction effect
become more prevalent, more flow interaction between the TP and the rest of the structure
occurs which affects the third-order loads. However, it appears that the truncated cylinder
assumption is relatively accurate around the range of frequencies between ka = 0.2− 0.4.
This range corresponds to periods of T = 6.6− 9.5 s that will generate a high-frequency
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resonant response for TLP system with a pitch natural frequency below 4 s which is
typical [7, 1].

(a) (b)

Figure 7 – Comparison of normalised third-order surge force and pitch moment transfer
function with CFD results on TP alone (blue diamond) - kA = 0.10

IV – Conclusions and future works

The results show that applying a third-order wave load models of a truncated cylinder
in the context of a more complex structure appears to be sufficiently accurate in mono-
chromatic case for the range of frequencies likely to generate a springing/ringing response.
However, the amplitudes of the strip-theory models are seen to diverge significantly from
both the CFD and the Malenica & Molin semi-analytical predictions beyond ka = 0.4
which in the case of our platform represents periods of T > 6.5s. In terms of phases
however, the long-wave approximation models are not accurate even at low frequencies
beyond ka = 0.05 as already pointed out by Malenica & Molin article [18]. It appears
therefore that the Malenica & Molin method provides a useful benchmark and a potential
tool of calibration for strip theory approaches.

Another conclusion of this study is that a Navier-Stokes CFD solver using the variable
porosity method as done in neptune_cfd appears to provide accurate results of the high-
order forces. As such, the method presented here which uses a single conform Cartesian
mesh provides a simpler alternative to CFD methods requiring an explicit mesh for the
structure.

In this paper we focused on horizontal forces. As in the case of the truncated cylinder,
these contribute the most to the pitch moment. Future works will concentrate on compa-
ring the total force generated on the entire platform and analysing the contributions of
other elements of the platform to the total high-order force transfer functions. In fact, in
the case of a full platform, the contribution of vertical loads to the pitch moment is not
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negligible and will have to be included. Moreover, nonlinear vertical loads influence the
response in heave which is also subject to springing and ringing effects. Finally extending
the comparison to bi, tri, multi-chromatic and fully irregular nonlinear sea states will be
necessary to understand the engineering implication of the choice of load models on the
platform response and line tension statistics.
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