
Virtual Prototyping of a floating wind farm
anchor during underwater towing operations ⋆

Rodrigo Martinez1, Sergi Arnau1, Callum Scullion2, Paddy Collins2, Richard
D. Neilson1, and Marcin Kapitaniak1

1 The National Decommissioning Centre, School of Engineering, University of
Aberdeen, UK

2 Aubin Group, Castle Street, Castlepark Industrial Estate, Ellon AB41 9RF, UK

Abstract. The aim of this paper is to present the initial results of fea-
sibility studies aimed at optimising the towing configuration of a novel,
complex shape (pyramid based) and thereby untested design of floating
wind farm anchor during underwater towing. The study was carried out
in the real physics Marine Simulator, at the National Decommissioning
Centre. This enables us to study in detail, the drag/lift forces acting on
the towed anchor/s, determine the optimal anchor installation arrange-
ment (orientation, depth, position of towing cables, number of anchors
towed together in an array) and establish the effects of the operational
(towing velocity, drag) and environmental conditions (sea states, sig-
nificant wave height, peak wave period) on the anchor’s trajectory. The
model developed is validated with computational fluid dynamics analysis
to obtain representative drag and lift coefficients for the anchor during
towing. Thus, this paper focuses on the calibration process to ensure
robustness and relevance of the developed model in the simulator. Con-
sistent results for the drag and lift coefficient were obtained for a range
of towing speeds (0,25-3 m/s). The towing dynamics, forces acting on the
anchor and the final configuration (e.g. water depth, offset angle) were
obtained which in turn will allow the optimal conditions and require-
ments (e.g. equipment, vessel type etc.) to be recommend-ed in future
studies.

Keywords: Marine simulator · Virtual Prototyping · Underwater tow-
ing operation · Anchor · Floating wind farm

1 Introduction

Novel installation methods of anchors for offshore wind are currently being de-
veloped worldwide. Four of the most common floater types of offshore wind are
shown in Figure 1: semi-submersible, spar-buoy, tension-leg platform (TLP) and
barge [1]. All four types of floating wind structures use mooring and anchoring
systems to keep the structure in place. A state-of-the art review of the installation
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phase of offshore wind turbines is presented in [6,7,4]. Various installation meth-
ods for floating wind are critically discussed and the main challenges identified.
It is concluded that the complex anchoring systems used presently are expected
to evolve with new foundations technologies. A technology review conducted by
Jiang [7] also concludes that considerable CapEx and OpEx savings are possible
from developing and optimising new mooring and anchoring systems.

Fig. 1: Four common floater types for wind turbines [6]

In addition to optimising the installation process of anchors, Jiang [7] also
identifies the need to develop new advanced modelling software to accurately
simulate coupled behaviours of floating wind systems. In this context, the simu-
lator at the National Decommissioning Centre (NDC) has been used to conduct
virtual field trials, with the aim to prototype new installation method of anchors
for offshore wind, with a primary focus on the installation challenges of floating
wind farm anchors and mooring systems [10]. This will lead to the development
of novel techniques for the deployment of wind farm anchors and mooring sys-
tems, which will be tested comprehensively through simulation of different sce-
narios to establish the applicability of the proposed methods in various weather
conditions, sea states and ultimately study their benefits and limitations. This
research will in turn enable a wider range of vessels (lower cost/less specialist)
during anchorage/mooring installation and increased precision of the installation
of the sub-sea equipment which could lead to the reduction of costs and CO2

emissions.
In this study, the feasibility of an underwater towing operation that involves

a novel type of anchor with variable buoyancy for mooring floating offshore wind
turbines is presented (Figure 2a). The proposed system reduces the need to use a
Heavy Lift Vessels (HLV), thereby cutting overall installation costs, and reduces
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the installation lead times as the design of the operation is less dependent on sea
and weather conditions. In this context, the industry is continuing to minimise
installation costs by developing self-installing and port assembled systems.

(a) (b)

Fig. 2: (a) 3D render of the novel floating anchor concept. (b) free body diagram
of the anchor.

A set of detailed modelling studies are performed in the state-of-the-art, Ma-
rine Simulator at the NDC. Using the multi-physics simulation allows for a more
economical proof-of-concept approach, that will allow to fully assess the feasi-
bility of underwater towing of anchors and de-risk future offshore deployment
operations.

2 Virtual prototyping

A review of virtual prototyping (VP) of offshore operations can be found in [9].
The importance of working with a tool that can integrate the different project
phases from concept/tender, engineering, mobilisation, through operations is vi-
tal for future offshore operations to reduce cost and minimise risks. An example
of virtual prototyping using the marine simulator supplied by the Offshore Simu-
lator Centre (OSC) is presented in [11]. In this example, the real-time VP model
is used to simulate the process of a riser pulled in from an installation vessel to
a jacket platform. With special attention being made to the maximum bending
curvature along the flexible riser, as this is one of the critical aspects during the
operation. Finally, the results are validated against finite element (FE) analysis
resulting in good agreement. Another example study stating the importance of
simulations based on multi-body dynamics is presented in [8], in which a com-
prehensive analysis of potential collisions between objects during offshore lifting
operations is made.

The study for a new concept of transportation of sub-sea templates is pre-
sented in [5], in which an underwater towing method is proposed. In this study,
the dynamical effects involved during the towing operations are discussed and
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analysed by means of: (1) a mathematical mass-spring model with forced exci-
tation, (2) a multi-body time domain simulation using the software SIMO [2]
and (3) a physical model test in the laboratory. A good agreement was found
between the three methodologies, specially between the SIMO analysis and the
experimental results. Another example to study the underwater towing of a sub-
sea module is presented in [12], in which the results of a computational fluid
dynamics (CFD) model are compared with experimental results. Gu et al. [3]
presents a study of a large caisson during wet-towing transportation. The cais-
son resistance coefficient was simulated via Ansys Fluent software and resultant
CO2 emissions under various conditions were calculated.

3 Methodology

3.1 Test Set-up

To investigate the variation of the towing force (drag and lift force) with the tow-
ing velocity, a set of simulations using both marine simulations and CFD analysis
using Ansys Fluent are conducted. The parameters used in both simulations are
shown in Table 1.

Table 1: CFD parameters
Speed Angle of Fluid

Case (m/s) Attack (deg)

1 0.25 0 sea water
2 0.50 0 sea water
3 0.75 0 sea water
4 1.00 0 sea water
5 1.25 0 sea water
6 2.00 0 sea water
7 3.00 0 sea water

Towing direction: +X (see Figure 3)

The model remains underwater at all times (wet towing). The general di-
mensions of the anchor are 10 m wide, 10 m long and 3,48 m high and it has
a truncated pyramid shape as indicated in Figure 2b. The length of the towing
line is 22.1 m and the wet weight of the anchor for this set of simulations is
10.5 kN. Further information on the methodology used to carry out the marine
simulations can be found in [10].

3.2 Physical Model

The free body diagram of the anchor with submerged weight W, buoyancy force
FB , towing force FT , hydrodynamic drag FD and lift FL forces and offset angle
β is shown in Figure 2b. In the steady state, the system can be simplified to
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Equation 1 and 2, where the weight and drag force of the wire have been ignored.
At any given vertical position ZA, the system satisfies the following equilibrium
in the Y and Z directions (see Figure 3)

FT cosβ − FD = 0, (1)

FT sinβ +W − FL = 0. (2)

3.3 CFD

To verify the results obtained in the marine simulator, a series of CFD simula-
tions in Ansys Fluent are carried out to determine the drag and lift coefficient for
a range towing speeds (0,25-3 m/s) and at an angle of attack of 0°. Furthermore,
a detailed study of the flow field is made to visualise the vortex pattern around
the anchor during towing.

Figure 3 shows the computational domain used in the simulations. The lead-
ing edge of the anchor is 1L away from the velocity inlet and the aft is 3L away
from the pressure outlet. In addition, the lateral, top and bottom distance be-
tween the anchor and the walls is 1L, 1.5L and 1L, respectively. In this case, the
characteristic length L is 10 m. Each case was simulated using the Reynolds-
Average Navier-Stokes equation (RANS) method. In the current work, the k-ω
STT turbulence model was applied. The mesh size is selected so that the simu-
lation produces consistent results regardless of the size and the number of cells
yet producing results efficiently. The inflation layer meshing technique is used
around the anchor to capture the boundary layer in the near-wall region. The
resistance created by the towing rope is not included in the CFD simulation, as
it is considered to be small in comparison to the drag force.

Fig. 3: CFD simulations flow velocity streamlines around the submerged anchor.

The output of each simulation was the drag force in the direction of the flow
(X) and the lift force, perpendicular to the direction of the flow (Z). Once the
drag and lift force have been obtained for each scenario, they can then be used
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to calibrate the marine simulations. For each CFD analysis, the drag and lift
coefficient are determined as:

CD =
2FD

ρAV 2
, (3)

CL =
2FL

ρAV 2
, (4)

where F refers to the drag or lift force, ρ is the density of sea water, A is the area
of body incident to flow, and V is the velocity at which the vessel is moving.

3.4 Marine simulator

The towing system consists of a tugboat, the new anchor model and a towing
rope, as shown in 4. For this preliminary study, the calibration was done during
the steady-state stage of towing to minimise the effects of acceleration and with
a calm sea (e.g. without waves, wind and currents). In this stage, the vessel and
the anchor have a constant speed and the anchor’s position in the water column
and its orientation (e.g. pitch, role and yaw) are also constant. This creates a
scenario as close as possible to the one simulated in Ansys Fluent, at which point
the results of the CFD analysis can be used to calibrate the marine simulator.
Martinez et al. [10] describes the process and methodology to setup a simulation
in the state-of-the-art marine simulator.

Fig. 4: Representation of the towing operation in the marine simulator.

4 Results

In this section, the results presented are divided in two sections: CFD simulations
for which the drag coefficient CD was calculated and, marine simulations in which
the previously calculated CD serves as an input to analyse the towing operations
under different wave conditions and length of tow lines.
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4.1 CFD simulations

Figure 3 shows the flow velocity streamlines around the anchor when being towed
at v = 3.0 m/s speed. Flow separation and vortex generation at the back of the
anchor is observed.

Figure 5 (a) shows the calculated drag (blue) and lift (red) forces for different
towing speeds while keeping the anchor horizontal. Drag and lift coefficients, CD

and CL respectively, are then calculated using Equations 3 and 4. These values
are then used as calibration input on the marine simulator. This process is
performed for each towing scenario to get realistic drag and lift force data from
the simulator.

4.2 Marine simulations

Once the drag and lift coefficients are calibrated, the towing operations are tested
in the marine simulator.

The variation of the calibrated drag and lift forces with towing speed are
shown in Figure 5 (b). The blue line is the drag force and the red line is the lift
force. Green markers represent tests done with tow line length Ltow = 22.1 m,
blue markers Ltow = 41.6 m and black markers Ltow = 60.2 m. From the figure
it can be seen that, regardless of the tow line length, their respective drag and
lift forces behave similarly at all towing speeds.

Figure 5 (c) shows the depth at which the anchor settles at all towing speeds
for the three tow line lengths with same colour code as Figure 5 (b). Although
the tow line length does not have an impact in the drag and lift forces, it does
have an impact on the depth (ZA) at which the anchor is being towed. At lower
towing speeds, the anchor sinks the furthest and at higher speeds the anchor gets
closer to the surface. The length of the tow line is directly proportional to the
equilibrium depth of the anchor: the longer the tow line, the deeper the anchor
is being towed and the shorter the tow line, the closer to the water surface the
anchor is being towed.

Next, for a fixed significant wave height of HS = 2.03 m, parametric studies
varying the peak wave period TP are performed to establish the effect of wave
loading on the towing dynamics, as shown in Figure 6. In here, we consider only
single tow line length of Ltow = 22.1 m, under towing velocity of v = 1 m/s and
JONSWAP wave spectrum (γ = 3.3). Waves with TP < 4 s have no noticeable
effect on the anchor’s position and orientation and towing force. For TP > 4 s,
wave-induced oscillations are more visible, maximum values for force and anchor
depth amplitude are reached at TP ≈ 15 s. Yaw presents a local minima at
TP ≈ 5 s, after which, its values start moving back to 0°. Pitch and roll, however,
have a local minima at 10 < TP > 11 s.

Figure 7 shows example time histories for the anchor’s dynamic response
for towing with TP = 5.5 s. In each of the time histories there is steady state
response of regular periodic type (27 periods of excitation are plotted). Right
hand side panels show the corresponding phase portraits that show the orbit
of the response for each of the anchor parameters. Once the anchor reaches



8 R. Martinez et al.

0 0.5 1 1.5 2

v [m/s]

0

10

20

30

40

50

60

D
ra

g
 /

 L
if
t 

fo
rc

e
 [

k
N

]

(a)

0 0.5 1 1.5 2

v [m/s]

0

10

20

30

40

50

60

D
ra

g
 /

 L
if
t 

fo
rc

e
 [

k
N

]

(b)

0 0.5 1 1.5 2

v [m/s]

0

5

10

15

20

25

30

35

40

45

T
o

w
 d

e
p

th
 [

m
]

(c)

Fig. 5: (a) Drag and lift forces as a function of flow velocity from CFD analysis,
(b) Calibrated response for towing drag and lift forces obtained from developed
simulation for tow line lengths of Ltow = 22.1 m (green markers), Ltow = 41.6 m
(blue markers), Ltow = 60.2 m (black markers), (c) The equilibrium tow depth of
the anchor as a function of towing velocity for tow line lengths of Ltow = 22.1 m
(green), Ltow = 41.6 m (blue), Ltow = 60.2 m (black).

an equilibrium, its pitch, towing force and anchor depth reach a stable orbit
(period-2), that show the maximum/minimum variation of these quantities and
their corresponding velocities.

5 Conclusions

The towing feasibility of a novel floating anchor design is described in this work.
CFD simulations are initially performed to calculate drag and lift coefficients
that would serve as input for realistic simulations in the marine simulator.

The analysis performed in the marine simulator shows that during towing
operations, the drag and lift forces are not impacted by the length of the tow
line. The towing depth of the anchor decreases as the towing speed increases but
the towing depth of the anchor increases as tow line length increases. Simulations
also show that wave period has a large impact in the anchor’s depth and towing
force at TP ≈ 15 s and at TP ≈ 5 s on the anchor’s orientation (pitch, roll and
yaw).
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Fig. 6: Parametric plots depicting the effect of wave period on the anchor towing
dynamics (using towing line of length Ltow = 22.1 m) for (a) anchor vertical
position ZA (dashed lines mark the min/max values), (b) amplitude of anchor’s
vertical position, (c) towing force, amplitude of anchor’s pitch (d), roll (e) and
yaw (f) angles.

Fig. 7: An example of family of time histories for (a) anchor’s pitch angle, (b)
towing force, (c) anchor’s vertical position ZA and corresponding phase portraits
(right panels) depicting anchors dynamics for peak wave period of TP = 5.5 s
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