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1 Introduction & Background
1.1

Introduction

SABELLA SAS is a French company, based in Quimper, which is developing marine current turbines. CNR INSEAN
is an Italian research institute specialised in hydrodynamics for propulsion and marine structures. It has, among
other facilities, a large pressurized circulating water channel, that SABELLA has previously used to perform tests
in the frame of different MaRINET I calls.
In 2005, 1/50th scale tests of a SABELLA turbine were performed at SOGREAH’s water tank, which enabled to
define the tidal turbine design, study the turbine’s influence on the currents field, characterize the wake and
generated turbulence and investigate the impact of a shroud.
In 2008-2009, a 1/3rd scale turbine, called “Sabella D03” with a 3 meters diameter rotor was installed at sea, in
Odet’s estuary (South Brittany), which was a French premiere. This turbine produced electricity and was fully
monitored but not grid-connected. It enabled to validate the turbine’s design and technological principles, study
underwater acoustic impacts and test the mechanical resistance.
In 2011, a CFD study was carried out on a real scale modelling of a D10 turbine (10-meter diameter) for a better
understanding of the flow behaviour around the machine and the applied forces. This study was followed in 2013
by MaRINET-financed tests at the INSEAN Circulating Water Channel to compare the performance of a 1/25th
scale D10 rotor to two other rotors with different number of blades, profiles, chords and twist.
The full-scale D10 turbine has been immersed in the Fromveur Strait in 2015 and became the 1st and at present
only grid-connected marine current turbine in France. After one year of operation, Sabella retrieved the turbine
in order to gain feedback and return on experience, before putting it back in water later this year for 3 additional
years, until the installation of a pilot farm on the same site.
Other tank tests have been completed at INSEAN Circulating Water Channel as part of the MaRINET 5th and 6th
calls to validate the design of the D15 turbine and to assess the interaction between two turbines ahead of future
tidal array deployment. After these first tests, SABELLA chose this facility to perform new tests within the
MaRINET II program.
The purpose of these new tests was to assess the performance of the whole system and isolate the impact of the
foundation. The impact of the support structure on the D10 performance was analysed along with the
performance sensitivity to the flow direction, especially in downstream configuration. The second part of the
tests was supposed to include wake measurement using PIV cameras but due to difficulties in the manufacture
and implementation of the scale model, only the performance tests were conducted.
This expertise will allow SABELLA to improve its knowledge of the whole system, increase the reliability and
competitiveness of the support structure and contribute to reach the commercial stage.

1.2 Development So Far
1.2.1

Stage Gate Progress
Previously completed: 
Planned for this project:

STAGE GATE CRITERIA
Stage 1 – Concept Validation
Linear monochromatic waves to validate or calibrate numerical models of the system (25 – 100
waves)
Finite monochromatic waves to include higher order effects (25 –100 waves)
Hull(s) sea worthiness in real seas (scaled duration at 3 hours)
Restricted degrees of freedom (DofF) if required by the early mathematical models
Provide the empirical hydrodynamic coefficient associated with the device (for mathematical
modelling tuning)
Investigate physical process governing device response. May not be well defined theoretically or
numerically solvable
Real seaway productivity (scaled duration at 20-30 minutes)
Initially 2-D (flume) test programme
Short crested seas need only be run at this early stage if the devices anticipated performance would
be significantly affected by them
Evidence of the device seaworthiness
Initial indication of the full system load regimes
Stage 2 – Design Validation
Accurately simulated PTO characteristics
Performance in real seaways (long and short crested)
Survival loading and extreme motion behaviour.
Active damping control (may be deferred to Stage 3)
Device design changes and modifications
Mooring arrangements and effects on motion
Data for proposed PTO design and bench testing (Stage 3)
Engineering Design (Prototype), feasibility and costing
Site Review for Stage 3 and Stage 4 deployments
Over topping rates



Status























Stage 3 – Sub-Systems Validation
To investigate physical properties not well scaled & validate performance figures
To employ a realistic/actual PTO and generating system & develop control strategies
To qualify environmental factors (i.e. the device on the environment and vice versa) e.g. marine
growth, corrosion, windage and current drag
To validate electrical supply quality and power electronic requirements.
To quantify survival conditions, mooring behaviour and hull seaworthiness
Manufacturing, deployment, recovery and O&M (component reliability)
Project planning and management, including licensing, certification, insurance etc.






Stage 4 – Solo Device Validation
Hull seaworthiness and survival strategies







STAGE GATE CRITERIA
Mooring and cable connection issues, including failure modes
PTO performance and reliability
Component and assembly longevity
Electricity supply quality (absorbed/pneumatic power-converted/electrical power)
Application in local wave climate conditions
Project management, manufacturing, deployment, recovery, etc
Service, maintenance and operational experience [O&M]
Accepted EIA
Stage 5 – Multi-Device Demonstration
Economic Feasibility/Profitability
Multiple units performance
Device array interactions
Power supply interaction & quality
Environmental impact issues
Full technical and economic due diligence
Compliance of all operations with existing legal requirements

1.2.2
1.2.2.1

Status

















Plan for this access
To investigate physical properties not well scaled & validate performance figures

One objective of these tests is to use the data to validate a CFD model which includes the support structure in
order to be able to predict the real efficiency of the whole system in different environmental conditions.

1.2.2.2

To qualify environmental factors

This project aims to assess the forces applied by the flow to the entire system comprised of the turbine and its
support structure. Knowing theses forces will allow SABELLA to adjust the security coefficients applied to the
machine and improve its reliability and competitiveness.
Another goal of the project is to assess the impact of the flow incidence on the efficiency of the rotor with the
support structure.

1.2.2.3

PTO performance and reliability

The main objective of this project is to assess the real performance of the D10 tidal turbine, including its
foundation. These tests should allow us to define the efficiency of the entire machine and to assess the impact of
the support structure on the D10 performance.

2 Outline of Work Carried Out
2.1 Setup
2.1.1

Tests configuration

The setup used for these tests is shown in Figure 1.
The fake bottom includes a circular rotating platform on which the foundation of the turbine is attached. This
setup allows the user to change the turbine orientation without having to empty the basin. The platform also has
instruments which can measure the X and Y forces applied to the entire system.
The machine itself is composed of the support structure and the turbine. The rotor is a “D10” 1/25th scale model
controlled in rotation by a brushless motor and gearbox, fitted inside the nacelle. The motor is connected to a
dynamometer which measures the thrust and torque applied to the rotor.

Figure 1: Tests configuration

2.1.2
2.1.2.1

Scale model manufacturing
Nacelle

During the previous tests at INSEAN (MaRINET I 2nd, 5th and 6th calls), SABELLA has been using the instrumented
arm of INSEAN which included a dynamometer. The dynamometer was fitted inside a dummy nacelle and could
both control the rotor rotation speed and measure the torque and thrust.
In this configuration however, a former nacelle, manufactured for previous wake tests as upstream device, has
been reused and had to be adapted. This first nacelle had been manufactured a bit longer than the 1/25th scale
in order to fit the brushless motor. The nacelle therefore had to be shortened to respect the 1/25th scale.

The motor length was also significantly reduced to integrate a new part, the dynamometer, into the smaller
nacelle. A special sealing system, with very low friction coefficient, has been installed on the shaft so as not to
disturb the dynamometer measurements.

Figure 2: Motor and dynamometer (left), Nacelle (right)

2.1.2.2

Support structure

The support structure has been designed and manufactured especially for these tests. Like the rotor, it is a scale
model of the foundation used for the D10 turbine. It is affixed on an instrumented platform embodied in the fake
bottom (see Figure 3). The platform is able to rotate around the vertical axis, thus allowing the user to change
the turbine direction without emptying the basin.

Figure 3: Support structure and instrumented rotatable platform

2.1.3
2.1.3.1

Input parameters
Dimensions

The rotor model diameter is 402 mm, representative of a 10 meters diameter rotor at a 1/25th scale.
The support structure is also a 1/25th representation of the D10 current foundation.

2.1.3.2

Physical parameters

The channel contains freshwater, with a density of 1 000 kg/m3.
The water temperature is not constant and is measured every day in order to calculate the viscosity.

2.1.3.3

Controlled parameters

Several parameters can be controlled to form different configurations:
-

The water velocity in the channel;
The motor (and rotor) rotation speed;
The angle of the turbine regarding the incoming flow.

For the upstream configuration, the positive yaw angles of the turbine regarding the flow direction were taken
anti-clockwise when seen from the top (see Figure 4, left).
For the downstream configuration, the positive yaw angles were taken clockwise when seen from the top (see
Figure 4, right).
Upstream configuration

Downstream configuration

Figure 4: Definition of positive and negative angles

2.1.4 Outputs
The following parameters can be obtained from the dynamometer placed inside the nacelle:



Thrust applied on the rotor, (T), measured;
Torque applied on the rotor (Q), measured;



Rotation speed of the rotor ω (RPM), measured;



Power of the turbine (P), calculated 𝑃 = 𝜔. 𝑄 =



Power coefficient (Cp), calculated (𝐶𝑃 = 1
2



Thrust coefficient (CT), calculated (𝐶𝑇 = 1
2



𝑃
𝜌𝑉3 𝜋𝑅2
𝑇

𝜌𝑉2 𝜋𝑅2

Torque coefficient (CQ), calculated (𝐶𝑄 = 1
2



Tip Speed Ratio (TSR), calculated (𝑇𝑆𝑅 =



Reynolds number (Re), calculated (𝑅𝑒 =

𝑅𝑃𝑀∗2𝜋
60

∗𝑄 ;

);

);

𝑄
𝜌𝑉2 𝜋𝑅3

);

);
(

( . , . )².
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The following parameters can be obtained from the instrumented platform:


Longitudinal force applied to the machine, (Fx), measured;



Lateral force applied to the machine, (Fy), measured.

For each case (one configuration, one current velocity, one rotation speed), around sixty seconds of data are
acquired, with a 1000 Hz frequency, which provides around 60 000 values per parameter per case. The values
averaged over these sixty seconds are then used for the study.

2.2 Tests
For each configuration (one current velocity & one yaw angle), the motor rotation speed (in rpm) is controlled to
test a range of Tip Speed Ratios (TSR).

2.2.1 Preliminary tests
For the 0° yaw angle, measurements were made with different current velocities (1,5 m/s, 1,75 m/s, 2 m/s, 2,25
m/s, 2,5 m/s, 2,75 m/s) to determine which velocities are relevant for the following tests.

2.2.2 Performance tests
2.2.2.1

Operating current velocities

In upstream configuration, most of the tests were run for current velocities of 2 and 2,5 m/s whereas in
downstream configuration, tests were only run for a 2 m/s current velocity.

2.2.2.2 Yaw angles
Different yaw angles for the machine were tested to assess the influence of the angle on the turbine
performance:
-

Upstream configuration: 2°, 5°, 10°, 15°, 20°, 30°, -2°, -5°, -10°, -15°, -20°, -29°, -30°
Downstream configuration: 5°, 10°, 15°, 20°, 30°, -5°, -10°, -15°, -20°, -30°

2.2.2.3 Tip Speed Ratio
For each configuration, a range of rotor speed have been tested in order to cover a range of TSR from 0 to 5. For
each current velocity, the TSR and the resulting rotor speed are detailed in Table 1.
TSR

Rotor rotation speed (RPM) for VCURRENT =
1,5 m/s

1,75 m/s

2 m/s

2,25 m/s

2,5 m/s

2,75 m/s

0

0

0

0

0

0

0

1

36

42

48

54

60

66

1.5

54

63

72

81

90

98

1.8

64

75

86

97

107

118

1.9

68

79

91

102

113

125

2

72

84

95

107

119

131

2.1

75

88

100

113

125

138

2.2

79

92

105

118

131

144

2.3

82

96

110

124

137

151

2.4

86

100

115

129

143

158

2.5

90

104

119

134

149

164

2.6

93

109

124

140

155

171

2.7

97

113

129

145

161

177

2.8

100

117

134

150

167

184

3

107

125

143

161

179

197

3.2

115

134

153

172

191

210

3.4

122

142

162

183

203

223

3.6

129

150

172

193

215

236

4

143

167

191

215

239

263

4.5

161

188

215

242

269

295

5

179

209

239

269

298

328

Table 1: Rotor rotation speed for each current velocity and TSR

2.2.3 Test plan
The test planning was run as follows:

Configuration

Flow incidence

0°

Upstream

2°
5°
10°
15°
20°
30°
-2°
-5°
-10°
-15°
-20°
29°
-30°

Current velocity
1,5 m/s
1,75 m/s
2 m/s
(several series)
2,25 m/s
2,5 m/s
(several series)
2,75 m/s
2 m/s, 2,5 m/s
2 m/s, 2,5 m/s
2 m/s, 2,5 m/s
2,5 m/s
2 m/s, 2,5 m/s
2 m/s, 2,5 m/s
2 m/s, 2,5 m/s
2 m/s, 2,5 m/s
2 m/s, 2,5 m/s
2 m/s, 2,5 m/s
2 m/s, 2,5 m/s
2 m/s, 2,5 m/s
2 m/s, 2,5 m/s

Configuration

Flow incidence

0°

Downstream

Table 2: Test plan

5°
10°
15°
20°
30°
-5°
-10°
-15°
-20°
-30°

Current velocity
1,5 m/s
1,75 m/s
2 m/s
(several series)
2,25 m/s
2,5 m/s
(several series)
2,75 m/s
2 m/s
2 m/s
2 m/s
2 m/s
2 m/s
2 m/s
2 m/s
2 m/s
2 m/s
2 m/s

2.3 Results
2.3.1 Performance
2.3.1.1

Impact of the foundation on the performance

For each angle, the performances with the support structure have been compared to the results of the first series
of tests at INSEAN. These tests, performed in 2013, were conducted using the same rotor but without the
support structure thus allowing us to estimate the impact of this structure on the global performance of the
device.

0°
-5°
-10°

Cp

-15°
0°, without foundation
5°, without foundation
10°, without foundation
15°, without foundation

TSR

Figure 5: Turbine performance with and without the support structure
(upstream configuration, current velocity: 2 m/s with the foundation; 2.25 m/s without the foundation)

0°
10°

Cp

15°
0°, without foundation
10°, without foundation
15°, without foundation

TSR

Figure 6: Turbine performance with and without the support structure
(downstream configuration, current velocity: 2 m/s with the foundation; 2.25 m/s without the foundation)

For each angle, the performances with and without the foundation are very similar. Even in downstream
configuration, when the support structure should have the strongest impact, the impact on the performance
coefficient is smaller than 3%.

2.3.1.2

Influence of the yaw angle on the performance

The following results were obtained for a 2m/s current velocity. The Power Coefficient (Cp) have been plotted
against the Tip Speed Ratio for each yaw angle in upstream (Figure 8) and downstream configuration (Figure 9).
The best performance is obtained for a 0° angle in upstream configuration, when the rotor directly faces the
incoming flow.
110%
100%

Cp/Cpmax

90%
80%
Upstream

70%

Downstream

60%
50%
40%
-40

-30

-20

-10

0

10

20

30

40

Yaw angle (°)

Figure 7: Loss of performance for each angle compared to a 0° upstream configuration
(2m/s, upstream and downstream configuration)

In upstream configuration, the performance of the turbine is very tolerant to small changes in angle (2 and 5°).
Significant changes start to appear for 15° angles and above when the turbine operates at less than 90% of its
full capabilities.
In downstream configuration, the performances are slightly lower (Figure 7) due to the screening of the blades
by the mast and the nacelle but the turbine is still quite tolerant to small angle variations.

Figure 8: Cp for all angles (upstream configuration, 2 m/s)

Figure 9: Cp for all angles (downstream configuration, 2 m/s)

In downstream configuration there is a significant difference in performance between a positive and a negative
angle of the same value. The loss of performance is more pronounced for negative angles.

2.3.2 Forces applied
2.3.2.1

Impact of the current velocity on the drag force

The forces applied at the feet of the foundation were measured in the X and Y direction. The X-force applied on
the turbine only (the thrust) was also measured by the dynamometer but due to the over pressurization of the
nacelle, the measures are probably inaccurate and cannot be used to quantify the thrust applied to the turbine
itself.

Fx (N)

For a 0° angle in upstream configuration (see Figure 10 below), the X-force increases along with the current
velocity. The same evolution can be observed in downstream configuration with slightly lower values (see Figure
11). Although the thrust values are inaccurate, the trend shows that the thrust also increases along with the
current velocity.

1.5 m/s
1.75 m/s
2 m/s
2.25 m/s
2.5 m/s
2.75 m/s

TSR

Figure 10: X-force for all current velocities (0° angle, upstream configuration)

Fx (N)

1.5 m/s
1.75 m/s
2 m/s
2.25 m/s
2.5 m/s
2.75 m/s

TSR

Figure 11: X-force for all current velocities (0° angle, downstream configuration)

2.3.2.2 Impact of the yaw angle on the X-force
To estimate the impact of the yaw angle on the X-force, the trials have been conducted for a 2 m/s current
velocity for different angles (see Figure 12).

Fx (N)

0°
0° - Thrust
+2°
+5°
+10°
+20°
+30°

TSR

Figure 12: X-force for all angles (2 m/s, upstream configuration)

The thrust on the rotor for a 0° angle, even though the values cannot be trusted, shows a similar trend to the Xforce applied to the entire turbine. This indicates that the thrust is preponderant in the X-force and that the
contribution of the foundation (the drag force) is constant regarding the TSR.

2.3.2.3 Comparison of drag force to the rotor thrust without the foundation
The X-force values have been compared to the rotor thrust values issued from the first series of MaRINET I tests
at INSEAN, where trials were conducted without the foundation.

Fx (N)

X-force - 0°
X-force - 5°
X-force - 10°
X-force - 20°
Rotor thrust - 0°
Rotor thrust - 5°
Rotor thrust - 10°

TSR

Rotor thrust - 15°

Figure 13: X-force (MaRINET II) and rotor thrust (MaRINET I)
(2m/s, upstream configuration)

Fx (N)

X-force - 0°
X-force - 10°
X-force - 15°
Rotor thrust - 0°
Rotor thrust - 10°
Rotor thrust - 15°

TSR

Figure 14: X-force (MaRINET II) and rotor thrust (MaRINET I)
(2m/s, downstream configuration)

The first MaRINET results show that the rotor thrust is more important in upstream configuration. This difference
is due to the performance which are better in upstream configuration.
The X-force applied to the support structure (the drag) is represented by the difference between the total Xforce and the rotor thrust. As the configurations were different for the two series of tests, this drag force on the
foundation cannot be quantified. However, it can be noted that this force is much more important in upstream
position, which means that the drag on the foundation is much stronger in upstream than in downstream
configuration and is probably due to the geometry of the foundation.

2.3.2.4 Y-force
The instrumented platform also measured the force in the Y direction. This force increases when the yaw angle
increases. It is roughly independent from the TSR although for big angles, it increases slightly for high TSRs.
+30°
+20°
+10°
+5°

Fy (N)

+2°
0°
-2°
-5°
-10°
-29°
-30°

TSR

Figure 15: Y-force for all angles (2m/s, upstream configuration)
+30°
+20°
+15°
+10°

Fy (N)

+5°
0°
-5°
-10°
-15°
-20°

TSR

Figure 16: Y-force for all angles (2m/s, downstream configuration)

-30°

2.4 Analysis & Conclusions
2.4.1 Reynolds similarity
The Reynolds number is a dimensionless number representative of the flow regime. In order to produce results
that are transposable to a real scale model, the scaled model configuration and the real size configuration should
have similar Reynolds number. The rotor’s Reynolds has been calculated as follows:
𝑅𝑒 =
Where:

(𝑉 + (𝜔. 0,7. 𝑅)². 𝑐
𝜈

V is the current velocity (m/s),
ω is the rotor rotational speed (rad/s),
R is the rotor radius (m),
c is the blade chord (m),
ν is the water cinematic viscosity (m²/s).

For the full scale model, the Reynolds number is around several millions, these Reynolds cannot be achieved with
the current velocities available at INSEAN, where the maximum operating velocities are around 3 m/s. It is
therefore important to check that the tests are conducted in a correct flow regime.
Several tests have been run for different current velocities at a 0° angle. The efficiency obtained from these tests
have been plotted in Figure 17.

1.5 m/s
1.75 m/s

Cp

2 m/s
2.25 m/s
2.5 m/s
2.75 m/s

TSR

Figure 17: Cp for all current velocities (0° angle, upstream configuration)

For current velocities of 2 m/s and above, there is a stabilization of the performance curve (same trend, same
values). This overlap of curves above 2m/s can also be observed for other dimensionless coefficients such as the
non-dimensional torque (CQ). It is therefore considered that the similarity is sufficient to exploit to results
obtained at 2 m/s current velocities and above.

2.4.2 Performance difference between positive and negative angle
The difference between the positive versus negative angle position in downstream configuration (see Figure 9) is
due to the pitch of the blade that is screened by the mast and its angle with the current.
For a positive angle, the bottom blades (in green, Figure 18) are less “active” in the rotation than the upper
blades (in red, Figure 18) because they are roughly “parallel” to the flow (see Figure 18, left). Their screening by
the mast has therefore little impact on the efficiency of the rotor.

Figure 18: positive angle for a backward configuration seen from the top (left) and from the back (right)

But for a negative angle, the bottom blades (in red, Figure 19) are the most active in the rotation due to their
pitch angle with the current. In this configuration, they are close to being perpendicular to the flow (see Figure
19, left). The partial screening of the active blades causes the drop-in performance for the downstream
configuration and explains why this phenomenon cannot be observed in upstream configuration.

Figure 19: negative angle for a backward configuration seen from the top (left) and from the back (right)

3 Main Learning Outcomes
3.1 Progress Made
3.1.1.1

To investigate physical properties not well scaled & validate performance figures

This goal was achieved as performance figures have been obtained for the turbine and its support structure.
These data will be used to validate a CFD model of the whole system which will be able to predict the real
efficiency of the whole system in different environmental conditions.

3.1.1.2

To qualify environmental factors

One goal of this round of tests was to assess the forces applied on the whole system, especially on the support
structure. This goal has been achieved as the X and Y forces applied on the whole system have been successfully
measured by the instrumented platform. The impact of drag force only could not be compared to the overall Xforce due to issues in the thrust measurements.
The impact of the flow incidence on efficiency has also been estimated. This will be important to decide the
orientation of future turbines and to assess their performance in site-specific conditions.

3.1.1.3

PTO performance and reliability

The main objective of this project was to assess the real performance of D10 tidal turbine, including its
foundation. Performance tests have been carried out in different configurations (yaw angles,
upstream/downstream) and allowed us to better understand the impact of the support structure on the
efficiency of the turbine in these configurations. This will be very useful in future deployments to maximise the
performance of the device.

3.1.2

Progress Made: For The Technology

The main conclusions for this technology concern the influence of the support structure and the flow incidence
on the efficiency of the entire system:










For a 0° angle, the foundation has little impact on the efficiency, even in downstream configuration
where it achieves 97 % of its capacities.
The rotor is very tolerant to small angle variations (still reaches 100 % of its capacities at +5°).
The turbine is more efficient for a positive angle (as defined in 2.1.3.3) than for a negative angle of the
same value.
The thrust is preponderant in the X-force applied on the entire system.
The X-force decreases when the angle with the flow increases.
The thrust is more important in upstream configuration.
The drag force applied on the foundation is more important in upstream than in downstream
configuration.
The Y-force is stronger for high working angles.
The Y-force is independent from the TSR.

A lot of progress was made on the manufacturing of the scale model. The space available inside the nacelle was
really limited and required to reduce the motor length and to use a static torque sensor located between the rear
of the motor and the nacelle. This configuration presented a risk for the torque measurements quality but the
results where validated by comparison with previous tests results thus confirming the validity of the
configuration.
The setup used for these tests was mainly good, and although a solution has to be figured out for the thrust
measurement, this configuration can be reused for the complete characterisation of future turbines, as it includes
the foundation and makes it possible to acquire data on the forces applied to the device as a whole.

3.1.3

Next Steps for Research or Staged Development Plan

The following steps are planned in the next few months.
First, the results obtained from these tests and from previous tests carried out on “Sabella D10” turbine will be
compared to the real sea behaviour during the second exploitation campaign of D10 device – which will start in
the second half of 2018. This will allow a complete understanding of the numerical results and of the tank tests.
Combined with mechanical studies based on the hydrodynamic efforts obtained from the tank tests and real sea
behaviour, this could lead to modifications of the foundation’s design, implying new numerical studies, in an
iterative process.

Furthermore, numerical modelling had previously been performed only to define the loads applied on the
structure. CFD studies could be done on the gravity base structure to characterize its wake and its influence on
the rotor performances, the results would allow a better understanding of the results obtained during this test
campaign that could be completed by PIV measurements.
Finally, the influence of swell on the turbine behaviour, performance and structure will also have to be
investigated. This will be done by carrying out new tests, either in a wave tank that can also produce current or in
a towing tank.

3.1.4 Progress Made: For Marine Renewable Energy Industry
Regarding the tests setup, the use of a rotatable platform saves a great amount of time when a large range of
angles have to be tested. Plus, the instrumentation of the feet of the foundation is a good way to assess the
forces applied to the entire structure.
For the instruments placed inside the nacelle, over-pressurizing an enclosed nacelle can disturb the
measurements. Other solutions have to be explored to ensure a good sealing of the nacelle.
Particular attention should be paid to measurements reproducibility. It is important to check that similar results
are obtained for several series of the same configuration in order to assess the sensors variability and sensitivity
and to ensure that the data can be exploited.

3.2 Key Lessons Learned







Manufacturing new equipment is very time-consuming. The equipment should be manufactured well in
advance and tested in conditions before the start of the tests.
The main criteria to be tested should be identified clearly in order to prioritize the tests to carry out.
One should focus on a few key points and investigate them deeply rather than trying to test many
parameters but superficially.
One should remember that tests are experimental and results cannot be directly used. An important
analysis work is needed in order to have useful results.
Participating in or observing the tests can help save time on the results analysis.
Analysing the first results while the tests are being carried on can help to prioritize the tests to carry out
or to reorient the tests if necessary.

4 Further Information
4.1 Scientific Publications
No scientific publication has been made yet.
For information, following previous tests carried out by SABELLA at INSEAN, some publications have been made.
 “Experimental investigation of the wake of a horizontal axis tidal current turbine by LDV, at the ReNew
Conference in Lisbon”, 24-26th November 2014 (Morandi, et al., 2014)
 “Validation of a computational hydrodynamics model for horizontal-axis marine current turbines”, EWTEC
Conference in Nantes, 6-11th September 2015 (Salvatore, et al., 2015)
 “Slipstream Dynamics of a Tidal Turbine”, EWTEC Conference in Cork, 27th August-1st September 2017 (J.C. Allo, C. Del Frate, D. Dhomé, F. Di Felice, F. Alves Pereira)

4.2 Website & Social Media
Website: www.sabella.bzh / www.sabella-d10.bzh
YouTube Link(s): https://www.youtube.com/channel/UCL_A9iIACE0PdgilDjopUNg

LinkedIn/Twitter/Facebook Links: www.linkedin.com/company/sabella / https://twitter.com/SabellaTidal
/ www.facebook.com/SabellaTidal

5 Appendices
5.1 Stage Development Summary Table
The table following offers an overview of the test programmes recommended by IEA-OES for each Technology
Readiness Level. This is only offered as a guide and is in no way extensive of the full test programme that should
be committed to at each TRL.

NASA Technology Readiness Levels1

NASA TRL Definition Hardware Description Software Description Exit Criteria
TRL Definition
Hardware Description
Software Description
Basic principles
Scientific knowledge generated
Scientific knowledge generated underpinning
1
observed and
underpinning hardware technology
basic properties of software architecture and
reported.
concepts/applications.
mathematical formulation.

Exit Criteria
Peer reviewed publication of
research underlying the
proposed
concept/application.
Documented description of
the application/concept that
addresses feasibility and
benefit.

2

Technology
concept and/or
application
formulated.

Invention begins, practical application is
identified but is speculative, no experimental
proof or detailed analysis is
available to support the conjecture.

Practical application is identified but is
speculative, no experimental proof or detailed
analysis is available to support the conjecture.
Basic properties of algorithms, representations
and concepts defined. Basic principles coded.
Experiments performed with synthetic data.

3

Analytical and
experimental
critical function
and/or
characteristic
proof of concept.

Analytical studies place the technology in an
appropriate context and laboratory
demonstrations, modelling and simulation
validate analytical prediction.

Development of limited functionality to
validate critical properties and predictions
using non-integrated software components.

Documented
analytical/experimental
results validating predictions
of key parameters.

4

Component and/or
breadboard
validation in
laboratory
environment.

A low fidelity system/component breadboard
is built and operated to demonstrate basic
functionality and critical test environments,
and associated performance predictions are
defined relative to the final operating
environment.

Key, functionally critical, software
components are integrated, and functionally
validated, to establish interoperability and
begin architecture development.
Relevant Environments defined and
performance in this environment predicted.

Documented test
Performance demonstrating
agreement with analytical
predictions. Documented
definition of relevant
environment.

5

Component and/or
breadboard
validation in
relevant
environment.

A medium fidelity system/component
brassboard is built and operated to
demonstrate overall performance in a
simulated operational environment with
realistic support elements that
demonstrates overall performance in
critical areas. Performance predictions are
made for subsequent development phases.

End-to-end software elements implemented
and interfaced with existing
systems/simulations conforming to target
environment. End-to-end software system,
tested in relevant environment, meeting
predicted performance. Operational
environment performance predicted. Prototype
implementations developed.

Documented test
performance demonstrating
agreement with analytical
predictions. Documented
definition of scaling
requirements.

6

System/sub-system
model or prototype
demonstration in
an operational
environment.

A high fidelity system/component
prototype that adequately addresses all
critical scaling issues is built and operated in
a relevant environment to demonstrate
operations under critical environmental
conditions.

Prototype implementations of the software
demonstrated on full-scale realistic problems.
Partially integrate with existing
hardware/software systems. Limited
documentation available. Engineering
feasibility fully demonstrated.

Documented test
performance demonstrating
agreement with analytical
predictions.

7

System prototype
demonstration in
an operational
environment.

A high fidelity engineering unit that
adequately addresses all critical scaling
issues is built and operated in a relevant
environment to demonstrate performance in
the actual operational environment and
platform (ground, airborne, or space).

Prototype software exists having all key
functionality available for demonstration and
test. Well integrated with operational
hardware/software systems demonstrating
operational feasibility. Most software bugs
removed. Limited documentation available.

Documented test
Performance demonstrating
agreement with analytical
predictions.

8

Actual system
completed and
"flight qualified"
through test and
demonstration.

The final product in its final configuration
is successfully demonstrated through test
and analysis for its intended operational
environment and platform (ground, airborne,
or space).

All software has been thoroughly debugged
and fully integrated with all operational
hardware and software
systems. All user documentation, training
documentation, and maintenance
documentation completed. All functionality
successfully demonstrated in simulated
operational scenarios. Verification and
Validation (V&V) completed.

Documented test
performance verifying
analytical predictions.

9

Actual system
flight proven
through
successful mission
operations.

The final product is successfully operated in
an actual mission.

All software has been thoroughly debugged
and fully integrated with all operational
hardware/software systems.
All documentation has been completed.
Sustaining software engineering support is in
place. System has been successfully operated
in the operational environment.

Documented mission
operational results

1

https://www.nasa.gov/directorates/heo/scan/engineering/technology/txt_accordion1.html
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