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Discussion
CFD Simulation of a Floating Offshore Wind Turbine System Using a Quasi-Static Crowfoot Mooring-Line Model by
S. Quallen, T. Xing, P. Carrica, Y. Li and J. Xu (JOWE, Vol 1,
No 3, pp 143–152, 2014)
Denis Matha (Stuttgart Wind Energy SWE, University of Stuttgart,
Germany).
This paper is interesting and significant in that it presents for the
first time (to the reviewer’s knowledge) a CFD calculation of a
floating offshore wind turbine (FOWT) where both the aerodynamics
at the rotor and the hydrodynamics at the platform (excluding
the mooring lines) are modeled in a single two-phase URANS
CFD solver. While the paper’s main focus is on a quasi-static
crowfoot mooring line model, I want to discuss results related to
the presented unique CFD calculations.
The platform motion results of the free decay tests (OC3 case 1.4)
in Fig. 8, where neither wind nor waves are considered, show very
good agreement with both experimental and NREL FAST results.
This indicates a good accuracy of the hydrodynamic pressure
prediction of the CFD code, and also confirms the well-known fact
that the linear potential flow hydrodynamic code implemented in
FAST (HydroDyn) is able to model the investigated slender spar
design well.
When proceeding to the other investigated case (OC3 case
5.1) where steady wind and regular waves are present, significant
differences can be identified. While Fig. 10 shows platform motions
where differences can be attributed to different treatment of viscous
effects, the results presented in Fig. 12 regarding power production
show large differences in predicted aerodynamic power. A 15%
lower mean and a remarkably large 361% increase in amplitude,
combined with a 90 phase shift of the maxima, are predicted by
CFD, compared to FAST’s AeroDyn blade-element/momentum
BEM code. The authors attribute the differences to the superimposed
velocities produced from the pitching and surging motions producing
steeper power and thrust curves due to rotor wake interaction
modeled in CFD, in contrast to BEM. Also, the tower dam effect
and rotor wake effects only considered in CFD are mentioned.
Within the European KIC project OFFWINDTECH, the Institute
of Aero- and Gasdynamics (IAG) and our institute SWE performed
similar URANS CFD calculations of the NREL 5MW turbine with
prescribed 6-DOF platform motions, and compared them to BEM
and potential flow free wake aerodynamic codes (see Matha et al.,
2013; Bekiropoulos et al., 2012). Based on these experiences, I
would like to add items worth considering regarding the reported
significant differences:
Given the large overall dimensions of the computational domain,
the grid resolution of 5.75 million points appears to be rather
coarse. In the IAG computations that were excluding the water
domain, about 30 million cells were used (Fig. 2). In particular, the
resolution of the blades and the near wake appeared to be critical to
the CFD results quality and therefore may explain the deviations.
In the simulations performed in OFFWINDTECH, a good
agreement could finally be reached between CFD and BEM
computations, still exhibiting particular differences in amplitude and
phase, but not nearly as large as the 361% and 90 reported here
(see Fig. 1). Apart from AeroDyn, we used ECN’s AeroModule

(including a BEM and a potential-flow free wake code, AWSM),
and used XFOIL computed airfoil data in addition to the original
NREL datasets. I want to emphasize that the BEM results were
very sensitive to the selected airfoil table data, as well as the BEM
correction models used, particularly for dynamic inflow. It must be
stated, though, that in our case the 6-DOF motions were prescribed,
and no dynamic interaction of aero- and hydrodynamics could be
represented.
In conclusion, the unified CFD approach offers great opportunities
for detailed FOWT analysis, and the reported results are interesting
but should be treated with care. No premature conclusions on
the non-applicability and inaccuracy of BEM aerodynamic and
potential flow hydrodynamic-based methods shall be drawn without
further analysis.

Fig. 1 Rotor thrust comparison (Matha, 2013)

Fig. 2 30 million cell mesh of the OFFWINDTECH FOWT
(zoomed-in view of the WT and near wake) (Bekiropoulos et al.,
2012)
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AUTHOR REPLY
Dr. Matha provides valuable comments regarding our recent study
in Quallen et al. (2014). Having done multiple CFD simulations of
the same turbine model in the present study, Dr. Matha’s comments
and suggestions are very helpful.
Dr. Matha mentions CFD work presented in Bekiropoulos et al.
(2012) and Matha et al. (2013) using prescribed motions. In the
present simulations, all 6-DOF motions are predicted. However,
post-processing has provided us with too many parameters to
attempt to decouple for a proper parametric analysis. Therefore, we
have recently begun using the predicted motions of the NRELFAST OC3 simulations as inputs into our CFD simulations. This
should isolate the difference due to motions and provide us with
more directly comparable data.
The coarseness of the grid set used in the present study was
also commented upon. The coarseness of the grids used in this
study was noted, but it was performed as an initial step toward
producing a higher-fidelity simulation. We have just begun a set of
simulations in which a much finer grid (28 million points) is used.
The blades and the near wake saw the largest percentage increase
in points (531% and 823%, respectively). The exact motions of
the NREL-FAST OC3 results will be prescribed to the simulated
system for more direct comparisons. Other future work has been
listed in the reply to Dr. Nygaard’s discussion below.
Dr. Matha warns against premature conclusions regarding the
usage of the potential flow and BEM methods. The authors are not
attempting to dispute the usage of them, but are only offering up
an alternative method of using CFD for simulating offshore wind
turbines. CFD can be used to calibrate potential flow solvers and
models. CFD can also show specific flow field characteristics when
a physical experiment is infeasible or impossible. Nonetheless, the
computational cost of using CFD is still high, especially when
modeling turbine-to-turbine interaction as in wind farms. Recently,
researchers started to develop a hybrid CFD and BEM model
(e.g., Hallanger and Sand, 2013), which may take advantage of
the high resolution of the CFD method and high efficiency of
the BEM or potential flow solvers. Evaluation of various models
requires rigorous validation. This requires extensive experimental
data with minor uncertainties, which is difficult to perform under
well-controlled environmental conditions for both air and water,
especially at full-scale.
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This paper is interesting because it presents several new elements
for use in time-domain simulations of Floating Offshore Wind
Turbines (FOWTs). The crowfoot model can provide more detailed
yaw response in engineering models that do not have a FiniteElement-Model (FEM) representation of the mooring lines. The CFD
solutions of both the hydrodynamics and aerodynamics can provide
calibration of engineering models, such as the Morison Equation
(ME) and the Blade Element/Momentum Theory (BEM). For the
detailed and computationally intensive CFD method described in
the paper, a FEM representation of the mooring lines would not,
relatively speaking, add much computational effort, and additionally
provide the mooring line dynamics, including viscous drag.
In Fig. 10, FAST predicts higher surge. This is consistent with
the lower restoring force from the AYS model compared to the
crowfoot model, as shown in Figs. 8 and 9. FAST predicts a
deeper mean heave of the floater, also in Fig. 10. Assuming both
models have zero heave offset at equilibrium, possible sources are
differences in mean rotor thrust and/or mean surge wave loads,
resulting in a higher down-force from the mooring lines in the
FAST model.
The rotor of FAST in the IEA OC3 project was variable speed
(in this case, 8.9–9.9 rpm in response to the platform pitch motion),
in contrast with the constant rotational speed of 9.4 rpm in the CFD
computation. This will lead to different responses, in particular for
generator power, where the rotor inertia is smoothing the power
variations.
For this case with low wind speed (8 m/s), high induction, and
large rotor motions, wake dynamics are important. Assuming FAST
was run with equilibrium wake BEM, it is not surprising that a
CFD solver provides different results. This impacts the pitch, yaw,
and power responses in Figs. 10, 11, and 12.
Since FAST uses a linear damping term in yaw that may or may
not be well suited for this particular load case, it is not surprising
that the damping is different with a boundary layer model. The
additional frequency component of the CFD computation could
be due to nonlinear effects not modeled in FAST. A rigid rotor
contribution to yaw should be 3P rather than 1P, unless there is an
asymmetry in the rotor model.
The only result in the paper I find surprising is in Fig. 11. From
the time series of yaw, the variance looks higher for the NREL
results, but the PSD plot shows higher energy for the CFD results
for all frequencies.
To summarize the comments, the differences between the detailed
CFD computations presented in this paper and engineering models
like FAST are all plausible, considering the different modeling
approaches and implementation of the load cases. To fully appreciate the implications of this detailed model, further step-by-step
comparisons with simpler engineering models are recommended.

AUTHOR REPLY
Dr. Nygaard provides very helpful comments regarding our
recent study in Quallen et al. (2014). He mentions that differences
in heave could be attributed to a higher down-force from the
mooring lines. The crowfoot mooring structures utilized in the
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Fig. 5 Comparison of yaw PSD between original and corrected
shaft angle simulations

Fig. 3 2-Point single line configuration (top) and Crowfoot configuration (bottom)

Fig. 6 Yaw PSD using consistent time step

Fig. 4 Comparison of original and corrected shaft angle rigid-body
yaw motions
present study are heavier than their single-line counterparts, and
their fairlead connections are also 60° offset around the azimuth of
the tower (see Fig. 3). These two factors can develop a different
direction of the total resultant force at the fairleads, which could
cause differences in heave. In the future, a more rigorous look
at the direction of the fairlead force vector will be used to help
determine the exact nature of these small but consistent differences.
Dr. Nygaard also mentions the variance in the rotor rotational
speed in the OC3 FAST simulation. The rotor angular velocity shows
variance of approximately ±5% from the fixed 9.4 RPM. While
these variances are relatively small, they could help to explain the

larger power amplitude differences seen in our CFD simulation. The
CFD code used in the present study requires angular position inputs
for the rotor, because the code cannot be used to predict motions of
the rotor as a result of forces and moments. For this initial simulation,
it was assumed that a constant rotor angular velocity would be
acceptable. In the future, simulations using a time-varying rotor
angular velocity derived from FAST simulation will be conducted to
evaluate how big the effect will be with this assumption.
The rotor frequency, which is visible in the yaw PSD, is mentioned with asymmetry of the rotor model offered as a possible
reason. After some investigation, it was determined that there was
a slight rotor imbalance in the present study. The shaft angle was
off by 0.14 , causing a slight wobble in its rotation. The rotor
frequency disappears from the PSD after correcting this shaft angle
(see Figs. 4 and 5). This small imbalance has a negligible effect on
other motions shown in the paper.
The PSD amplitudes presented in Fig. 11 of the original paper are
also commented upon. These amplitude differences are attributed
to the different time steps (corresponding to sampling frequencies)
used between the NREL-FAST OC3 simulation and the simulation
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of the present study. The NREL-FAST time step was about 5.64
times larger than the time step used in the present study, providing
a much different sampling rate for the Fourier analysis. This higher
output is not portrayed in the PSD, only the energy density per
frequency. Coarsening the data of the present study to provide a
consistent time step (from 0.008 s to 0.05 s) produces a much
different amplitude, as shown in Fig. 6.
Dr. Nygaard concludes by suggesting more comparisons with
simpler engineering models for the future, and we agree with that.

Discussion
We have just begun a set of simulations where the exact motions of
the NREL-FAST OC3 results are prescribed to the simulated system
for more direct comparisons. Other future work to be considered,
based on the present results, include: an investigation of the effect
of the chosen turbulence model, simulations at higher air inflow
velocities, a refined grid set of 28 million grid points for better
spatial resolution, and a dynamic mooring system to determine the
relative importance of the hydrodynamics of the mooring lines
themselves under various environmental conditions.

