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Abstract

This paper describes the improvement of an existing wind generation system, associated with
a wave basin, for physical model testing of a floating wind turbine. Methodology set up for the
study of a floating wind turbine subjected to wind and swell will also be presented. This paper
complements previous papers Courbois et al. (2011) where first steps of the methodology and of
the wind generation method was introduced.

1 Introduction

The Ocean Engineering Wave Basin of École Centrale Nantes has been recently equipped with a wind
generation system. This installation allows testing physical model of floating wind turbine under wind
and wave loading.

The wave tank dimensions are 50m x 30m x 5m and 48 flaps enable generation of irregular directional
waves up to 1m height.

Method of wind generation is the same as developed in Courbois et al. (2011). Centrifugal fans
are used instead of axial fans to avoid the generation of a twisted flow which introduces spatial in-
homogeneity and high turbulence level. Fans are coupled in pairs and are placed on the side of the
wave basin, behind the wavemaker, for obvious weight reasons. Airflow is conducted to the vicinity
of floating models by means of flexible air ducts. The connection between the circular section of this
flexible air duct to the rectangular section of the blow nozzle is done by an adapting element, herein
referred to as the diffuser. Nevertheless, in this new configuration, number of fans and dimensions
increased in order to use a bigger scale model and so reduce problems of similitude.

2 Design of the improved wind generation system

2.1 General characteristic

For this new wind generation system, 8 fans were used. Dimensions of the rigid blow nozzle are about
2800mm × 2800mm which allow us to study an offshore 5MW wind turbine at 1/50e scale instead of
the 1/100e scale for the first configuration. The diffuser was chosen rigid (glass fiber). This part was
designed using the CFD code Fluent in order to avoid separation of the flow.
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2.2 Flow quality improvement

2.2.1 Introduction

Based on wind tunnel design, a screen and a honeycomb were used to improve the quality of the flow.
Furthermore, those improving elements naturally introduce the pressure drops necessary to inflate
flexible parts of the wind generation system.

It was shown that screens and honeycombs have two different behaviors on the flow. While hon-
eycombs contribute to decrease lateral components of the turbulence1, screens tend to decrease the
longitudinal component of the turbulence level and homogenize the mean velocity (Scheiman & Brooks,
1981).

2.2.2 Design of the honeycomb

For the design of a honeycomb, Kulkarni et al. (2011) consider that the most efficient length to decrease
the longitudinal turbulence level is between 8 and 10 times the diameter of the cell. It has also been
shown in Kulkarni et al. (2011) that the functionality of honeycomb shape was independent for lengths
greater than or equal to this optimal length. We have therefore chosen hexagonal meshes with a length
of 155 mm and a diameter of 19 mm which gives us a ratio of 8.2.

2.2.3 Design of the screen

Concerning screens, Bradshaw (1965) and Mehta & Hoffmann (1987) showed that flow through a
screen with a ratio of open area to total area less than about 58 % suffers from a kind of instability
and should therefore be avoided. According to Bradshaw, the critical value of 0.58 does not seem
to depend significantly on the Reynolds number for values of speeds typically encountered in a wind
tunnel. In our case, speeds involved are lower than in a classic wind tunnel so we chose a safety margin,
taking a porosity of 64 % (8 mm mesh and spacing of 10 mm).

For the first wind generation system, we were not aware of this critical porosity and two different
porosities have been tested as we can see in table 1. The difference on the streamwise turbulence
intensity is along the lines of Mehta & Hoffmann (1987).

Table 1: Evolution of the streamwise turbulence intensity with screen porosity

Porosity Streamwise turbulence intensity
64 % 4 %
40 % 7 %

2.2.4 Increase of the homogeneity in the center of the jet

Fluent visualizations of the average streamwise velocity behind the blow nozzle indicate a lack of
speed in the center of the jet2. This deficit was expected since four circular elements does not carry
the momentum in the center despite diffusers. To try to bridge this gap which could be problematic
for the study of structures moving in the wind like floating wind turbines (apparition of unrealistic
movements), we developed a convergent form to homogenize the velocity profile bringing momentum
at the center to the detriment of the periphery of the jet.

We can observe a redistribution of momentum through this form as we can see on figure 1. In
this figure, we plot the mean streamwise velocity at the center of the blow nozzle 2 m downstream,
with and without this convergent shape. The large deficit of mean velocity at the center is shared into
several lower gaps which should be more easily filled by the screen.

1Elongated cells canalized the flow in a priority direction breaking biggest turbulent features.
2It should be noted that neither the screen nor the honeycomb were represented for this computation.
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Figure 1: Numerical velocity profile obtained with and without the convergent form (2 m downstream
from the blow nozzle)

2.2.5 Optimal layout

Farell & Youssef (1996) showed that the optimal layout is to use first a screen with a large mesh size
followed by an honeycomb and then screens with a lower size mesh. Based on this study, we placed
first the convergent form and then the honeycomb and the screen as we can see on the exploded view
(figure 2).

2.3 Experimental qualification of the improved wind generation system

The improved wind generation system (figure 3) was qualified on the wave basin with sonic anemome-
ters; see Instruments (2007) for more information.

A cartography of velocity and turbulence intensity (figure 4) was performed 2 m downstream from
the blow nozzle (represented by the black rectangle). For this mapping, 17 points of measurement were
carried out in the transverse direction of the flow at 6 different heights. These measurement points can
be visualized by black markers. Velocity is made dimensionless by dividing the value of wind speed
by a reference anemometer placed in the corner of the blowing nozzle and visible on the figure 5a.
The black circle represents the area made by the rotor during the experiment. Homogeneity of the
average velocity passing through this area is very satisfying. The action of the convergent (represented
by thin black line) is visible because we do not observe the velocity deficit expected in the center of
the jet. The turbulence level is equal to 3 % at the center of the jet, which is very low for this type
of installation. All these results prove the relevance of the artifices used to reduce turbulence and to
homogenize the flow (convergent form, honeycomb and screen).
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Figure 2: Exploded view of the blow nozzle

(a) (b)

Figure 3: Improved wind generation system
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(a) Mean streamwise dimensionless velocity profile (b) Streamwise turbulence intensity

Figure 4: Cartography of velocity and turbulence intensity 2 m downstream from the blow nozzle

(a) Wave tank testing (b) Wind tunnel testing

Figure 5
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3 Methodology used for model scale experiment of a floating wind turbine
subjected to wind and swell

3.1 Introduction

For this experiment, we decided to study the well referenced NREL 5 MW generic wind turbine
developed in Jonkman et al. (2009). Regarding the floater, we chose a semi-submersible because it
seems to be the most suited floater for offshore wind turbine. The semi-submersible used is the Dutch
Trifloater designed by the Energy Research Centre of the Netherlands, Marin, Delft University of
Technology and TNO (Bulder et al., 2002).

Figure 5a shows a picture taken during the model tests. The floating wind turbine scale model ap-
pears in the foreground. The wind generation system is behind the model. The flaps of the wavemaker
appear in the background.

3.2 Methodology

Model was scaled using a 1:50 geometric scale. We decided to respect lengths, weights, principal
moment of inertia and position of the gravity center of each subpart (floater, tower, nacelle, rotor). As
a consequence, the global system’s properties are correctly modeled (table 2).

Table 2: Comparison between the measured model scale values (Experiment) and the theoretical 1:50
scaled values (Prototype)

Prototype (scale 1:50) Experiment
Floater mass 13.68 kg 13,54 kg
Total mass (with cables) 19.24 kg 19.52 kg
Hub height 1.80 m 1,82 m
Blade length 1.23 m 1,22 m
Blade mass 145 g 135 g

Concerning dynamic similarity, as every model scale study, there is a trade-off between every
similarity laws. In this case, Froude number was employed because this kind of similarity is essential
for a correct wave generation and therefore to simulate the dynamic response of the system which is
a major concern of this study. Because drag and lift coefficients of blades are strongly influenced by
Reynolds number, we decided to reproduce the correct rotor thrust (Jonkman et al., 2009) rather than
the correct wind speed to obtain reliable pitch motion of the floater. Rotor thrust has been measured
by a force sensor placed in the nacelle. Wind tunnel testing were performed to obtain the calibration
curve between wind speed and wind load (figure 5b).

In this experiment, the turbine rotates due to the wind however rotational speed of the rotor is
fixed by an engine in order to respect the frequency scaling factor and to simulate gyroscopic effects
properly (figure 6).

The model was also intended to be aeroelastic by trying to respect the first mode of flexion of the
tower.

Some designing parameters such as streamwise nacelle acceleration (accelerometer), tower base
moments (strain gauges) and tension in the mooring lines (force sensors) have also been measured as
well as environmental conditions (wind velocity and wave characteristics). Motion capture has been
used to obtain the dynamic behavior of the model (6 DOF). Figure 7 shows a summary of every
physical values measured during the experiment.

4 Conclusion

This paper reports on the development of an innovative wind generation system for the experimental
study of wind and swell loadings on a floating wind turbine. The qualification of the wind generator
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Figure 6: Nacelle instrumentation

shows a very satisfying velocity homogeneity and a low turbulence level which allow us to study the
behavior of a floating wind turbine subjected to wind and swell. A methodology specific to this type
of experiment was also presented (for more informations, see Courbois (2013)).
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