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The paper presents results from the Collaborative Computational Project in Wave Structure Interaction (CCP-WSI)
Blind Test Series 2. Without prior access to the physical data, participants, with numerical methods ranging from
low-�delity linear models to fully nonlinear Navier-Stokes (NS) solvers, simulate the interaction between focused
wave events and two separate, taut-moored, �oating structures: a hemispherical-bottomed cylinder and a cylinder
with a moonpool. The ‘blind’ numerical predictions for heave, surge, pitch and mooring load, are compared against
physical measurements. Dynamic time warping is used to quantify the predictive capability of participating methods.
In general, NS solvers and hybrid methods give more accurate predictions; however, heave amplitude is predicted
reasonably well by all methods; and a WEC-Sim implementation, with CFD-informed viscous terms, demonstrates
comparable predictive capability to even the stronger NS solvers. Large variations in the solutions are observed
(even among similar methods), highlighting a need for standardisation in the numerical modelling of WSI problems.

1. Introduction

Numerical modelling is a crucial part of the design analysis in
most engineering disciplines, particularly offshore engineering.
Recently, with the continued industrialisation of the seas, engineers
are readily turning to �oating solutions to maximise exploitation.
Consequently, there exists an overwhelming number of numerical
codes to accommodate this transition and provide quantitative
descriptions of the interaction of waves with �oating systems.
When selecting a numerical tool for a task, the model �delity
is a theoretical metric, indicating the degree of simpli�cation
adopted in the physics, as well as the corresponding mathematical
model. The high-�delity Navier-Stokes (NS) model is theoretically
more accurate than lower �delity models, e.g. the fully nonlinear
potential theory (FNPT), due to its lower degree of simpli�cation
in the physics (capable of including multiphase processes as

well as the effects of viscosity, turbulence and compressibility).
The practical �delity and reliability of these models, however,
depends on the speci�c implementation, e.g. the discretisation
of the governing equations, which in turn relies heavily on the
experience of the operator. Further, more sophisticated methods
tend to come with considerable penalties in terms of the required
computational resource (prohibiting their use in routine engineering
design), so typically a compromise has to be made. Therefore,
although considerable overlaps in predictive capability are likely, in
general, selecting an appropriate (let alone the optimal) numerical
model (or implementation) is not trivial, particularly because the
physical requirements of the model might not be knowna priori.
To complicate things further, what constitutes an acceptable result
is also both case- and operator-speci�c, i.e. the operator might
prioritise speed over accuracy orvice versa. Further still, as
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Figure 1. Dimensions, including the positions of the centre of
mass (CoM) and mooring attachment, for: (a) Geometry 1 and
(b) Geometry 2 [Reproduced from Brown et al. (2020a)].

discussed by Ransleyet al. (2019, 2020) and as a consequence
of this complexity, there is no established, or appropriate, method
to quantify predictive capability. Consequently, in terms of
mitigation against failures due to neglected physical phenomenon
(or, conversely, against the use of excessive computing resource),
developing new analysis methods to understand and quantify the
predictive capability of these models is of great value to the
engineering industry. This is the motivation for the CCP-WSI Blind
Test Workshops.

The CCP-WSI Blind Test Workshops bring together numerical
modellers from the WSI community with the goal of assessing
current numerical methods and accelerating the development of
numerical modelling standards. In these workshops, volunteers are
invited to simulate a set of test cases, based on bespoke laboratory
experiments covering a range of physical complexities, without
prior access to the measured data. It is believed that, the ‘blind’
nature of the workshops provides a better assessment of a method’s
predictive capability than traditional comparative studies, in which
participants can ‘tune’ their results to achieve the best possible
match with the physical data. Further, to support contributions
using all types of WSI codes, no constraints are applied to the
computational implementation, and participants are encouraged to
follow ‘best practice’ procedures. As was found in the preceding
CCP-WSI Blind Test Series’ (Ransleyet al., 2019, 2020), however,
there can be considerable differences in the implementation of
a numerical model (based on operator preferences), and similar
codes can display very different capabilities depending on the
strategy used. This complicates the comparison, compared to
studies in which a speci�c implementation is enforced, and these
blind tests could be criticised for promoting ‘competition’, rather
than collaboration, between participants. Despite this, these blind
tests highlight a key risk to industry end users and reinforce
the need for best-practice guidelines in WSI modelling as well
as provide evidence of what constitutes superior implementation
(that would otherwise be lost if this were constrained). They also
offer additional insight that complements similar, alternative efforts
(Wendtet al., 2019).

2. CCP-WSI Blind Test Workshops - Series 2
The CCP-WSI Blind Test Series 2 is, chronologically, the third
series within the CCP-WSI Blind Test Workshops and is held in
conjunction with the European Wave and Tidal Energy Conference
(EWTEC). Series 2 (along with Series 3 (Ransleyet al., 2020))
considers the motion response and mooring load of �oating bodies
and is built on the basis of the CCP-WSI Blind Test Series 1
(Ransleyet al., 2019), in which the capability of participating
models is compared in terms of the pressure and run-up on a �xed
FPSO model. The release of the Series 2 test cases was made in
September 2018, and the showcase event was held during a series
of special sessions and a side event at the 13th EWTEC in Napoli,
Italy (1-6 September 2019). For more information on the CCP-
WSI Blind Test Workshops, please visit the CCP-WSI website at
http/www.ccp-wsi.ac.uk/blind_test_workshops .

2.1. Test cases
The CCP-WSI Blind Test Series 2 test cases consist of three
focused wave events, with a range of steepness, incident upon
two separate, axis-symmetry, taut-moored, �oating structures: a
hemispherical-bottomed cylinder (Geometry 1) and a truncated
cylinder with a cylindrical moonpool (Geometry 2) (Figure 1). The
two geometries are designed to resemble simpli�ed wave energy
converters (WECs). The two geometries are comparable in terms
of draft and water-plane area, but Geometry 2 is considered to
be, geometrically, more complex (due to the ‘internal’ volume of
water in the moonpool). The Series 2 test cases are similar to
the Series 3 test cases (Ransleyet al., 2020); the two structures
and the mooring line (stiffness = 67 N/m; rest length = 2.199 m)
are the same; the experiments were all performed in the COAST
Laboratory Ocean Basin (35 m� 15.5 m), with a water depth,
h, of 3.0 m; and the same wave probe layout, six degrees-of-
freedom (6DOF) motion capture system and mooring load mea-
surement, is used. For further information, the reader is referred to
Ransleyet al. (2020) and the online description in the CCP-WSI
Data Repository (https://www.ccp-wsi.ac.uk/data_
repository/test_cases/test_case_004 ). For com-
pleteness, the key parameters describing the structures and the
experimental setup are give in Tables 1 and 2, respectively. Com-
plementary work involving Geometry 1 can be found in Hann
et al. (2015), Lindet al. (2016), Ransleyet al. (2017) and Chen
et al. (2019d). The key differences between the CCP-WSI Blind
Test Series 2 test cases and the Series 3 test cases (Ransley
et al., 2020) are in the incident wave properties. In Series 3, a
range of incident wave steepness is achieved by varying the crest
elevation of a NewWave-type focused wave event (Tromanset al.,
1991) with the same underlying frequency spectrum (a Pierson-
Moskowitz (PM) spectrum,H s = 0 :274m, f p = 0 :4Hz). Here, a
range of wave steepness is achieved by adjusting the underlying
frequency spectrum whilst maintaining the same crest elevation. It
is hoped that, combined, these two studies will help to differentiate
between the effect of wave amplitude and frequency content on the
predictive capability of the numerical models.
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Geometry 1 Geometry 2

mass[kg] 43.674 61.459
z com;rel [kgm2 ] 0.191 0.152
I xx = I yy [kgm2 ] 1.620 3.560
I zz [kgm2 ] 1.143 3.298
draft [m] 0.322 0.330
mooring rest-tension[N] 32.07 31.55
z com;rest [kgm2 ] -0.131 -0.178

Table 1. Key parameters describing the structures and mooring
line (positive z is vertically upwards and z = 0 corresponds to
the still water level; z com;rel is the distance from the mooring
attachment to the CoM); z com;rest is the z-position of the CoM
when at rest).

Probe 1 2 3 4 6 7

x [m] -1.50 -2.00 -2.75 -4.25 1.50 2.00
y [m] 0 0 0 0 0 0

Probe 8 9 10 11 12 13

x [m] 2.75 -1.50 0 1.50 0 0
y [m] 0 -1.50 -1.50 -1.50 -2.00 -2.75

Table 2. Wave probe positions relative to probe 5 (positioned at
(14:8; � 0:278) m relative to the wavemakers and centreline of the
basin). Probe 5 corresponds to the position of the structure's
CoM in cases with the structure included. x is the direction of
wave propagation; y is de�ned using the right-hand rule.

Case A n [m] f p [Hz] h [m] H s [m] kA [m]

1BT2 0.25 0.3578 3.0 0.274 0.128778
2BT2 0.25 0.4 3.0 0.274 0.160972
3BT2 0.25 0.4382 3.0 0.274 0.193167

Table 3. Parameters describing the wave conditions used in the
CCP-WSI Blind Test Series 2 test cases.

As in Ransleyet al. (2020), each wave is generated in the physical
basin according to the facility's paddle control software and based
on the linear superposition of 244 wave fronts with frequencies
between 0.1 and 2 Hz. All the waves are crest-focused, i.e. each of
the contributing wave components has a phase of 0 at a theoretical
focus location,x0 . The amplitudes of the components are derived
by applying the NewWave formulation (Tromanset al., 1991) to a
PM spectrum with the spectral parameters given in Table 3. Each
wave front is then transformed back to the position of the wave
paddles by the control software, and


























