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Experimental study of a quadrirotor twin
vertical axis tidal turbine

behaviour under regular waves
Y. Saouli, B. Gaurier, G. Germain, R. Linant and G. Maurice

Abstract—The consideration of the environmental con-
ditions on the power output of vertical-axis tidal turbines
(VATT) is a key aspect in assessing their in-situ perfor-
mance and ensuring stable energy production, as well as a
satisfactory lifespan. This study presents an experimental
analysis of the surface waves effect on the mechanical
response (power and torque fluctuations) of a quadrirotor
VATT. Tests were conducted in Ifremer’s wave-current
flume tank on a 1:20 scale model. The results highlight
a significant increase in power fluctuations under regular
waves, particularly near the optimal operating point. More-
over, the phase-averaged modelling of the wave-induced
torque variations reveals a strong relationship between
wave-induced velocity fluctuations and torque response.
A parametric model, inspired by Morison’s equation to
represent the inertial effects of waves on the machine,
effectively captures the wave-related torque contribution.
The proposed method thus aims to distinguish wave orbital
velocity effects to the turbulence-induced fluctuations.

Index Terms—Vertical axis, Tidal turbine, Experimental,
Waves.

I. INTRODUCTION

THE large-scale deployment of tidal turbines for
energy production depends on a thorough un-

derstanding of their behaviour under real operating
conditions. Among the whole concepts of machines,
vertical-axis tidal turbines (VATT) provide various ad-
vantages in complex flow environments, particularly
in shallow-water sites [1]. In such environments, the
interaction between waves and current is a major factor
influencing turbine performance [2]. This phenomenon
is particularly relevant in high-energy tidal sites open
to the sea, where surface waves induce unsteady
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flow conditions. Understanding these interactions is
therefore crucial for optimizing energy production and
ensuring the long-term reliability of tidal turbines.

Previous studies on horizontal axis turbines [3], [4],
[5] show that the waves generate periodic fluctuations
in flow velocity and structure loading, affecting both
power output and mechanical stress. Similar effects
have been observed in vertical-axis turbines as re-
ported in experimental studies [6]. These fluctuations
can lead to fatigue damage, unsteady hydrodynamic
forces, and wake instabilities which ultimately influ-
ence the performance and the lifetime of tidal turbines.
Developing a comprehensive understanding of these
effects is essential for improving turbine design and
optimizing control strategies [7] under realistic sea
conditions.

To develop knowledge about vertical axis turbines,
the joint laboratory Verti-Lab was created between Ifre-
mer and Hydroquest, combining experimental, numer-
ical and in-situ investigations. It builds upon previous
experimental work [8]- [9], demonstrating the ability to
accurately replicate the turbines response at a reduced
scale. Among the various studies carried out in this
context, this study presents an experimental approach
to quantify the impact of wave-induced velocity fluc-
tuations on the power production of a new generation
of turbines designed by HydroQuest (1:20 scale model
in Fig. 1).

Fig. 1. Reduced-scale turbine model in the Ifremer flume tank, with
the 3C-LDV probe placed upstream from the turbine for induction
measurements.

In this paper, the experimental setup used for the
tests is first presented. Then, the turbine response in
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terms of performance and torque distribution under
wave forcing is investigated. The wave contribution
is highlighted and reconstructed using the RAO ap-
proach. Finally, a parametric formulation inspired by
Morison’s equation is tested to represent torque fluc-
tuations.

II. EXPERIMENTAL FACILITY

A. Description of the model

The studied model is the 1:20th prototype of the 2.5
MW-rated machines planned to be deployed in the
context of the FloWatt project (in the Raz-Blanchard,
France). This model, named OQ 2.5, consists of two
vertical axis rotor columns, also made of two levels
of rotors that are 60◦ out of phase. Its dimensions are
defined in order to follow the geometric similarity in
the tank, and therefore to respect the ratio between the
height of the machine and the tank depth.

The model is Hm= 1.010 m high, for a width
including rotors of wm = 1.270 m. Each rotor is Hb =
0.315 m and R = 0.235 m, respectively for the height
and the radius. The distance between the bottom
plate and the top plate holding the rotor columns
determines the turbine height: hm = 0.830 m. The
gravity base is composed of three lested arms, fixed
to the anchor base. The arm going upstream is placed
along the flow axis for this study (see Fig. 2).

Fig. 2. Model’s characteristics. Top: rotation directon of each rotor
column and flow direction (blue arrow). Bottom: main dimensions
of the model.

The driving system is installed in blocks located un-
der the two columns, they include a 26:1 geared motor
and a torquemeter set to a sampling frequency fe = 512
Hz. The system is controlled at a set rotational speed
ω (for an equivalent rotational frequency fω). Fig. 2
defines the reference surface taken as the indicated blue
zone, representing the turbine projected capture area

Sref = hm×wm. An equivalent diameter De is derived
from this surface, established from the International
Electrotechnical Commission norms : De =

√
4Sref

π ,
which is used to transform a non-circular cross-section
machine into an equivalent device with a circular cross-
section.

B. Flume tank setup
The OQ 2.5 model is tested in the wave and current

circulating tank of Ifremer situated in Boulogne-sur-
Mer (France). The test section is 18 m long × 4 m wide
× 2 m deep (h = 2 m, see Fig. 3). The three instanta-
neous velocity components are denoted (U, V,W ) along
the (x, y, z) directions respectively, with x the main flow
direction as displayed in the schematic. The flow veloc-
ity reference is evaluated from measurements carried
out far upstream of the turbine to avoid the inductive
effects of the turbine. It is noted (U0, V0,W0), with flow
velocity values of U0 = 0.89 m/s and V0 = W0 = 0 m/s.
The model is installed at the centre of the tank, the x-
origin is set as displayed in Fig. 3 and with z = 0 to
the tank floor. The turbine is centred in the span-wise
direction of the tank, with the span-wise origin (y = 0)
set to the centre of the model, and so of the tank. The
operating point of the turbine is defined from its Tip
Speed Ratio TSR = ω.R

U0
. Thanks to a grid combined

with a honeycomb placed at the inlet of the working
section, a low turbulence intensity TI0 = 1.5 % is
reached with current only [10]. The boundary layer
height is calculated as follows: δ95 = 0.95×U0 ≈ 0.250
m. The expression of the flow velocity components
follows the Reynolds decomposition :

U(t) = U + uwave(t) + u′(t) (1)

with U the mean component, uwave(t) the orbital
velocity fluctuations and u′(t) the turbulent part of the
flow velocity. The wave-related velocity is defined as
Uwave(t) = U + uwave(t).

To study the wave-current interaction, a wave-maker
and a wave-absorber are used in order to generate
waves following the current, with the wave-maker
placed at the inlet of the working section. The wave-
absorber is made of a metallic porous panel (8% poros-
ity) and is set to reduce wave reflection on the outlet
wall of the working section.

A combination of six wave gauges, three resis-
tive wave probes and three KENEK servo-type wave
probes (dynamic probes), is used to measure the sur-
face elevation in the flume tank. One of the dynamic
wave probes is set on the top of the machine (x = 0,
gauge C on the scheme) and composes the reference
surface elevation measurements related to the follow-
ing results. The measurements are synchronised with
the torquemeter, i.e. are carried out at a sampling
frequency of fe = 512 Hz. In addition, to evaluate
the experimental orbital velocity, PIV measurements
are carried out upstream of the rotor column. The
measurements are made using cameras HisenseZyla
5.5M pixels, with a greyscale coding parameter of 16
bits for each pixel. The sampling frequency is set at fs
= 15 Hz. The size of the vertical PIV planes cover the
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Fig. 3. Schematic description of the flume tank, the turbine location and the instrumentation used (wave probes, load cells and laser techniques)
during the tests. The wavemaker is installed at the inlet of the working section, generating waves following the current.

column height and the x-positions from x/De = -0.70
to x/De = -0.15. The spatial resolution is dx = dz = 13
mm.

C. Studied wave cases

Three experimental wave cases are presented in this
part. The waves propagate in the same direction as the
current. Each test lasts 120 seconds, corresponding to
54 wave cycles for cases with fwave = 0.60 Hz and 40
wave cycles for cases with fwave = 0.45 Hz (fwave is
defined as the wave frequency), as we work on the
time range for which the waves are fully established
(from t = 30 s to t = 120 s). The wavelength and the
wave amplitude are thus determined from the wave
gauges measurements and are given in Table I. The
in-situ equivalent wave conditions, representative of
typical wave events in the Raz-Blanchard (Alderney
Race) [11], are presented in Table I in brackets.

Based on the geometric similarity and to ensure
wave dynamic similarity between the full-scale and
tank conditions, the Froude number is preserved, val-
idating the correct reproduction of wave effects in the
experimental setup. Additional dimensionless param-
eters, such as the Keulegan-Carpenter number and
the relative wave height-to-water depth ratio, are also
considered. In all cases, the wave height-to-depth ratio
remains below 0.1, justifying the use of Airy wave
theory for modeling wave kinematics in the following.

KC =
Uwave T

De
Fr =

U0√
g(h−Hm)

(2)

In Fig. 4 (top), the probability density function (PDF)
of wave amplitudes is fit with a Gaussian model, from
which the average wave crest amplitude (a) and its
standard deviation σ(a) are extracted. These values are
taken from the wave probe measurements positioned
vertically above the turbine. The standard deviation re-
mains around 15% for all wave cases, indicating steady
wave conditions throughout the tests. Complementary
to these statistical analyses, the Fourier transforms of
the surface elevation signals (Fig. 4 bottom) confirm the
well-established spectral characteristics of the waves
during the experiments at the wave frequency.
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Fig. 4. Top: probability density functions of the wave amplitudes
a = H/2, for the three cases with the turbine operating at TSR =
2.2. A Gaussian model is fit with the distribution. Bottom: Fourier
Transforms of the surface elevation η for the three wave cases.

III. TURBINE RESPONSE UNDER THE WAVES
PROPAGATION

A. Influence of the waves on the turbine performance
Fig. 5 presents the normalized power coefficient Cp

curves (defined in Eq. 3) of the turbine for the three
wave conditions, along with a reference steady case
(REF) without waves. It is observed that the presence of
waves barely affects the average Cp below the optimal
TSR, while a significant distinction appears around and
after the optimum operating point. Additionnally, the
Fluctuation Intensity (FI, Eq. 3) of Cp is displayed,
highlighting the impact of wave-induced unsteadiness
on the power output. The results indicate a notable
increase in power fluctuations in the presence of sur-
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TABLE I
WAVE PARAMETERS AVERAGED OVER THE TEST DURATION. THE CORRESPONDING REAL SEA CONDITIONS ARE INDICATED IN BRACKETS.

Wave case Period T [s] Wave height H [m] Wavelength λ [m] h/λ H/λ KC
F045 A1 2.22 (10) 0.12 (2.2) 9.7 0.21 0.012 0.17
F060 A1 1.67 (8) 0.13 (2.6) 6.5 0.31 0.020 0.12
F060 A2 1.67 (8) 0.16 (3.2) 6.5 0.31 0.025 0.15

face waves, reaching up to 25% of the Cp at the optimal
TSR for the F060 A2 case. Similar levels of fluctuations
are observed between the cases F060 A1 and F045 A1
(15% to 20%), despite the F045 A1 case exhibits wave
amplitudes approximately 15% lower than those in
F060 A1.
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Fig. 5. Cp/Cpmax,ref and the FI(Cp) curves for the reference case
(no wave) and the three wave conditions. Cpmax,ref is defined as
the maximum power coefficient obtained without waves.

Cp(t) =
Q(t) ω(t)

1
2 ρ Sref U3

0

, F I(Cp) =
σ(Cp)

Cp

(3)

Based on these observations, a TSR of 2.05 is selected
for the remainder of the study as a representative
operating point for the study of Cp fluctuations. For
this TSR, the fluctuations vary according to the wave
conditions but for a similar Cp. It makes it possible to
avoid the potential impact of extracted power.

Fig. 6 presents the phase-averaged torque distri-
bution for a rotor column, along with the Fourier
transforms of the temporal signals in order to examine
the impact of wave motion on the turbine output. The
figures highlight the turbulent effects associated with
the passage of the six blades, an already-documented
phenomenon in previous studies [12]. Indeed, the har-
monic peaks of the rotational frequency are observed
(around 3 to 6 times fω), corresponding to the tran-
sitional phase of the spectral components from 6fω
to 3fω around the chosen TSR, as related in [13].
Moreover, the wave influence is clearly demonstrated,
with a high-intensity peak at the wave frequency. The
peak balances with the turbulent components for the
F045 A1 and the F060 A1 cases, and becomes the
main torque component for the F060 A2 case. The

observations are in line with the power fluctuations
previously found, indicating a strong influence of the
wave cases and correlating the relative impact to one
another.

In order to improve knowledge on the power fluc-
tuations and its predictability for sustainable power
exploitation, the next sections focus on representing the
wave-related torque Qwave(t) = Q+ qwave(t) evolution
(with qwave representing the torque fluctuation at the
wave frequency) regarding the wave-induced velocity
fluctuations Uwave.

B. Consideration of the wave frequency signature for the
torque reconstruction

A deeper understanding of the power fluctuations
is crucial for improving power predictability and grid
integration. Therefore, the following sections focus on
characterizing the evolution of the torque as a function
of the wave-induced velocity fluctuations. With regard
to the wave effects on the torque distribution, the
results with the F060 A2 wave case are presented to
illustrate the method. Similar results are obtained by
studying the other wave cases.

Experimental and theoretical determination of the
orbital velocity profile

PIV measurements are carried out upstream of the
rotor column in order to temporally define the inlet
flow velocity. Fig. 7 displays the velocity profiles at
three positions in the plane. The differences emphasize
the inductive effect of the turbine, with a decrease of
7% of the mean velocity profiles from x/De=-0.6 to
x/De=-0.4. The orbital velocity profile uwave is deduced
from these planes by considering the velocity signals at
the spectrum range around the wave frequency [fwave -
0.05 ; fwave + 0.05]. Fig. 8 presents the amplitude of the
orbital velocity measured for the rotor column height,
showing that the same profile is obtained regardless of
the x-positions tested in the plane. While comparing
the orbital velocity with the mean profiles, the orbital
velocity represents about 20% to 30% of the global
velocity values.
It is then deduced that the inductive effects do not
alter the average wave effect on the water column.
With regard to the profiles similarity in the PIV plane,
the experimental velocity is taken at x/De=-0.4 in
the following. In the same way, during the tests, the
measurements of the free surface elevation carried out
with the wave gauges make it possible to determine
the theoretical Airy wave profile associated to the
experimental case. By comparing the results, it appears
that the average orbital velocity is correctly reproduced
with the Airy theory.
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Fig. 6. Left side: turbine rotational phase-averaged Q angular distribution for the three wave cases and the reference case (TSR = 2.05, fω
= 1.25 Hz). The mean component is represented by the black line.The colored dots are the measured Q/Qref values. Right side: Fourier
transforms of the torque signals.

Due to the sampling frequency of the PIV setup, the
studied signals (torque and velocity) are resampled to
the same frequency base (torque signal interpolation at
fs = 15 Hz).

Response Amplitude Operator approach

To bring a first representation of the wave impact on
the torque output, an analogous approach of the Re-
sponse Amplitude Operator (RAO) is proposed, close
to the one presented in [14]. The method is based
on the assumption that torque and velocity at the
wave frequency are highly coherent, which can be
experimentally observed [9]. To do so, both signals
are first filtered around the wave frequency using a
band-pass filter centered at fwave, similar to the process
applied for the PIV measurements. This filtering iso-
lates the wave-induced contributions while minimizing
interference from other frequency components, espe-
cially the turbulent components. In comparison with
the method presented in the above-mentioned study,
which relies on power spectral density (PSD) ratios,
the present approach uses the Fast Fourier Transform
(FFT). The choice is made to retain both amplitude
and phase information at the wave frequency, which is
particularly relevant in the case of regular or narrow-
band wave forcing. From this approach, a determin-
istic relationship between wave-induced velocity and
torque can be established. In this framework, the
velocity component induced by the waves Uwave is
assumed to be proportionally related to the torque
evolution Qwave at the wave frequency. This relation-

ship is quantified through average ratios of amplitude
and phase, defined as: r(fwave) = |fft(Qwave)|

|fft(Uwave)| and
φ(fwave) = angle( fft(Qwave)

fft(Uwave)
). The mean amplitudes

and phases ratios provide coefficients defining the
transfer function : RAO(fwave) = r(fwave).e

iφ(fwave).
These coefficients can be calculated by first rephasing
the two signals on the basis of their cross-correlation.
This function thus characterizes the sensitivity of the
torque response to wave-induced velocity variations.
The computed values are given in Table II, quantifying
a global dependency of the torque response on wave
conditions.

TABLE II
AMPLITUDE COEFFICIENTS DEFINED BY THE RATIO BETWEEN THE

AVERAGE PARAMETERS FILTERED AROUND THE WAVE FREQUENCY.

Parameters r(fwave) [N.s] φ(fwave) [rad]
Qwave / Uwave 14.3 0.07

Fig. 9 presents a temporal comparison between
the reconstructed torque signal and the experimental
measurements. From the velocity measurements, the
reconstructed signal successfully captures the overall
trend of the experimental torque while filtering out
high-frequency turbulent peaks associated with blade
passage effects. However, it tends to overestimate ex-
treme values encountered, particularly at the peaks
and troughs of the sines oscillations. Fig. 10 further
illustrates this phenomenon by displaying the phase-
averaged distribution of the wave-induced torque
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extracted. The green profile is cut off due to low light intensity in
the top left corner of the image.

fluctuations, compared to the phase-averaged recon-
structed torque. A noticeable hysteresis effect is ob-
served on the measured data throughout the entire
wave velocity cycle Uwave(ϕ) [15], which is not ac-
counted for in the current RAO transfer function. The
offset, which is up to 10-15% of the average torque,
contributes to the discrepancies observed between the
experimental and reconstructed signals in the time-
domain representation. Overestimations of the extrema
are noticeable, as the reconstructed torque signal is
out of the elliptical bounds characterizing the filtered
torque response.

To further characterize the turbine output fluctua-
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Fig. 8. Orbital velocities extracted from PIV measurements and from
the Airy formulation (blue profile).

tions, we seek to better capture the hysteresis effects
induced by the waves. Since a direct correlation be-
tween velocity and torque does not fully account for
these phase-dependent variations, a more advanced
formulation is required to accurately represent the
torque response.

IV. PARAMETRIC FORMULATION OF THE WAVE EFFECT

Building on the previous analyses, which pointed
out the predominant role of orbital wave velocity in
torque fluctuations, the next step aims to develop a
more accurate model of its influence on the turbine. A
Morison-based formulation is applied to describe the
torque response, comparing experimental velocity data
with theoretical predictions from Airy wave theory.

A. Standard Morison formulation applied to the torque

To characterize the torque fluctuations of the rotor
column, a Morison’s loading formulation is adapted
to the column torque. With this approach, the torque
distribution is decomposed as a combination of a
quadratic velocity term, commonly used for steady-
state flow, and an inertial term which accounts for the
acceleration of the wave-induced velocity. The latter
is associated to an inertial coefficient named CMQ,
specific to the turbine configuration and operating
conditions. The resulting formulation is expressed as
Eq. 4:

Q(t) =
1

2
ρ Sref R CQ |Uwave(t)|2

+ ρ Vref R CMQ
dUwave(t)

dt
(4)

The equation can be first solved by extracting the
orbital velocity profile from PIV measurements taken
upstream of the turbine. Second, a theoretical Airy
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velocity is defined from the free surface elevation mea-
surements (thus the wave characteristics) and applied
to the proposed formulation. The approach adopted
here consists of computing, for each time step, the
depth-averaged wave velocity and acceleration over
the turbine height. This enables the determination of
the coefficients for this specific case (given the flow
direction, velocity, and turbine operating point) using
a non-linear least squares optimization method. The
resulting coefficients deduced using the Airy theory are
given in Table III. For the studied case F060 A2, it can
be noted that both coefficients are of the same order of
magnitude.

Fig. 11 and 12 present the wave-filtered torque
distribution, Qwave, as a function of the wave-induced
velocity, Uwave, for TSR = 2.05. Both parametric
formulations, based on PIV and Airy orbital velocity
profiles, exhibit a similar trend, effectively capturing
the inertial effects on the torque distribution. The 10%
inertia-related fluctuations are correctly reproduced at
its higher, i.e. around Uwave = 0.89 m/s. For the future

TABLE III
COEFFICIENTS VALUES CQ AND CMQ OBTAINED FROM THE EQ. 4
SOLVING FOR THE DIFFERENT WAVE CASES. THE AIRY PROFILE IS

CONSIDERED FOR THE VELOCITY-RELATED INPUT.

Wave case CQ CMQ

No wave 1.1 × 10−1 -
F045 A1 1.0 × 10−1 4.5 × 10−2

F060 A1 1.0 × 10−1 7.3 × 10−2

F060 A2 1.0 × 10−1 7.1 × 10−2

studies, it is assumed as valid to define the orbital
velocity profile using Airy’s wave formulation.
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Fig. 11. Wave phase-averaged representation of the filtered torque
fluctuations depending on the wave-induced velocity evolution and
on the formulation applied with the experimental velocity measure-
ments filtered at the wave frequency. The red square and triangle
symbols represent two phase instants from the experimental data,
which are phase-shifted by ϕlag = π.

Although the parametric model provides a reason-
able representation of the torque fluctuations induced
by waves, some discrepancies remain, particularly in
capturing the torque extrema. The quadratic velocity
term alone does not fully account for these peaks, lead-
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Fig. 12. Wave phase-averaged representation of the filtered torque
fluctuations depending on the wave-induced velocity evolution and
on the formulation applied with the theoretical Airy velocity. The
red square and triangle symbols represent two phase instants from
the experimental data, which are phase-shifted by ϕlag = π.

ing to deviations of 8% at the minimum and 6% at the
maximum. The general trend of the torque distribution
aligns with the expected evolution, with torque max-
ima corresponding to velocity values slightly below the
absolute velocity extrema.

To further investigate the relationship, Fig. 13
presents the phase averaged torque distribution as a
function of the orbital acceleration awave = dUwave

dt .
According to Airy wave theory, the velocity and ac-
celeration of an orbital particle are defined from re-
lated expressions Uwave = U0.cos(ωt) and awave =
−U0.ω.sin(ωt), implying a 90o phase shift (π2 rad)
between the two terms.
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Fig. 13. Wave phase-averaged representation of the filtered torque
fluctuations depending on the wave-induced acceleration.

This phase shift is well reproduced on elliptical

distributions, where the torque evolution follows the
expected pattern dictated by the inertia-related formu-
lation. The comparison of phase instants in Fig. 11
and 13, through corresponding symbols separated by
a phase lag of π rad, shows that the zero-crossings of
the acceleration coincide with velocity extrema, and
are slightly out-of-phase with the torque extrema (as
defined previously from φ(fwave)).

The proposed model correctly represents the inertial
effect on the torque fluctuations, while torque peaks
are less well represented by the quadratic term, with
under/over-estimates of around 5%.

While comparing the deduced coefficient with the
case without wave, the same average CQ value is found
for the whole range of wave cases. The parametric
model correctly represents the quadratic relation be-
tween mean velocity and torque evolution, which can
explain that the average power coefficient is perceived
as similar in Fig. 5. The coefficient CMQ appears to be
positive at this TSR, the inertial term thus variates in
the same way than the acceleration term.

Representation regarding the operating points
To evaluate the influence of the TSR on the accuracy

of the model, the approach is extended to two addi-
tional operating points: TSR = 1.8 and TSR = 2.2.

Fig. 14 and 15 compare the filtered torque
fluctuations obtained from experimental measurements
with those predicted by the Airy-based model. For TSR
values lower than 2.0, the model accurately represents
torque fluctuations, with deviations remaining below
5%. However, for TSR = 2.2, significant discrepancies
arise. The elliptical orientation observed in the
experimental data is not reproduced, and thus torque
extrema are underestimated, with deviations reaching
15%.
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Fig. 14. Wave phase-averaged representation of the filtered torque
fluctuations as a function of wave-induced velocity variations for
TSR = 1.8. The models are established by considering the theoretical
Airy velocity profile.
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Fig. 15. Wave phase-averaged representation of the filtered torque
fluctuations as a function of wave-induced velocity variations for
TSR = 2.2. The models are established by considering the theoretical
Airy velocity profile.

These differences highlight a limitation of the current
modelling approach. The parametric model assumes a
constant operating point, using a single CQ coefficient
for the entire range of encountered velocities. Actually,
variations in TSR occur due to the unsteadiness im-
posed by the flow conditions and the turbine control.
A more refined approach should incorporate these TSR
variations by introducing an additional term related to
the rotational speed. This enhancement would improve
the model’s ability to capture the overall trend of
torque fluctuations with a better precision.

V. CONCLUSION

This study provides a detailed experimental investi-
gation of the surface waves impact on the performance
of a quadrirotor twin vertical axis tidal turbine. Con-
trolled tests conducted in a wave-current flume tank
demonstrate that waves affect the turbine’s production
with fluctuations up to 30% of the average power,
which is deeply investigated around its optimal op-
erating point in this study.

Spectral and phase-averaged analyses confirm a
strong correlation between wave-induced velocity fluc-
tuations and torque oscillations, emphasizing the need
for a refined predictive approach to better define the
output fluctuations. Specifically, it was shown that
assuming the transfer function between velocity and
torque at the wave frequency does not capture the
inertial effects induced by wave motion. The standard
Morison-based parametric model effectively accounts
for the inertial contribution while distinguishing it
from turbulence-related effects. However, discrepan-
cies remain in the representation of torque extrema,
with differences ranging from 10 to 15% between the
filtered data and the model regarding the working TSR.
This underscores the need for further refinements to
fully account for nonlinear hydrodynamic interactions.

The theoretical definition of the orbital velocity pro-
file is in good agreement with the experimental data
upstream of the turbine, as the Airy theory can be
applied based on the free surface elevation measure-
ments. Following studies on an extended modelling
approach would lead to a high-fidelity evaluation by
considering the variations in rotational speed and thus
of the operating point.

These findings offer crucial insights for improving
the turbine control strategies and improving energy
yield predictions in real deployment scenarii. Future
work will aim to study the output fluctuations for a
wider range of operating conditions including flow ve-
locity, direction, and wave characteristics. By doing so,
a more accurate determination of the turbine behaviour
in realistic offshore environments can be achieved,
contributing to the development of more efficient and
resilient tidal energy systems.
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