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Experimental evaluation of phase and velocity
control for a cyclorotor wave energy converter

Andrei Ermakov, Florent Thiebaut, and John V. Ringwood

Abstract—The research presented in the paper is dedi-
cated to the analysis of the 3D experimental testing results
of a 1:20 scale prototype LiftWEC cyclorotor wave energy
converter (WEC). The scaled prototype was built and
tested in the Hydraulic and Offshore Engineering wave
Tank (HOET) by Ecole Centrale Nantes (ECN) in 2022.
The analysis is conducted using the analytical control-
oriented point-vortex model. The presented research covers
a range of tests, with particular focus on cases where
positive mechanical power generation has been recorded.
The analysis of such cases is important, in highlighting
the conditions needed for optimum energy conversion,
for future development of cyclorotor WEC technology.
The study also reviews the results of tests where the
rotor rotational speed is varied within each period of
monochromatic waves. This is the first experimental test
of such a control strategy for cyclorotor WECs.

Index Terms—Cyclorotor, Efficiency, Control, Wave En-
ergy Converters, LiftWEC, Experimental Results

I. INTRODUCTION

Cyclorotor based wave energy converter (WEC) tech-
nology [1], [2] has reached some level of maturity with
technology readiness level (TRL) four reached during
the LiftWEC project [3] and TRL six for the Atargis
project [4]. The recent results reported in publications
[5]–[9] and project deliverables [10], [11] highlight
many benefits of this alternative to more traditional
[12] wave energy extraction technology.

Cyclorotor extract wave energy due to the interac-
tion between hydrofoils and water particle circulation
caused by wave propagation. The lift forces generated
on hydrofoils accelerate the rotor rotation, inducing
torque on the main shaft. This torque can be absorbed
by a rotational (unidirectional) generator [1], [13], [14].
The rotor is designed to avoid significant structural
loads and allow survival in harsh ocean environments
[15], [16]. Cyclorotors can also be installed on various
marine structures (Fig. 1). The benefits derived from
cyclorotor WEC technology allow the prediction of
the levelized cost of energy (LCoE) for the spar-buoy
LiftWEC configuration with TRL4 (Fig. 1b) at ∼ 140
€/MWh [10]. Such a relatively small LCoE value is
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comparable with the LCoE generated by offshore wind
platforms [17].

Fig. 1. Baseline configurations of LiftWEC cyclorotors [3], [11]: a)
Tower LiftWEC, b) Spar LiftWEC, c) Semi-sub LiftWEC, d) Tension
leg platform LiftWEC

However, such a promising LCoE value is estimated
under an assumption of the implemented optimal con-
trol strategy [18]–[20]. Real time control for cyclorotor
WECs is a challenging problem due to the high non-
linearity of even simplified mathematical models of
interaction between the waves and hydrofoils [6], [18],
[21].

An analysis of 2D tests of the scaled LiftWEC proto-
type were published in [7], [22]. The authors derived
lift and drag coefficients, and studied the influences
of unsteady effects. However, due to the size and
specification of the 2D experimental setup, there was
no positive mechanical power generation, on average,
within the duration of the experiments recorded.

This article is dedicated to analysis of the new results
of 3D tests of 1:20 scaled LiftEC prototype conducted
at École Centrale de Nantes (ECN), France in 2022 [23],
[24]. The tests show positive mechanical power genera-
tion with recorded wave power extraction efficiency up
to 21.1%. Our goal is to identify the optimal conditions
for power generation and determine the problems
which need to be solved for further development of
the technology and real-time control implementation.

Section II is dedicated to the mathematical point-
vortex model for cyclorotor based WEC which will
be used for the experimental data analysis. In Section
III, the authors present performance metrics and the
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developed control strategy for optimal cyclorotor ro-
tational velocity. In Section IV, the authors describe
experimental testing of a 3D LiftWEC prototype [23],
[24] conducted at École Centrale de Nantes (ECN),
France in 2022. In Section V, the authors analyse the
experimental tests and assess the optimal conditions
for which maximum rotor efficiency was achieved. The
Conclusions (Section VI) are dedicated to discussion of
the experimental results and important findings for the
further development of cyclorotor WECs.

II. ANALYTICAL CONTROL ORIENTED MODEL FOR
CYCLOROTOR WECS

The analysis of the experimental data and develop-
ment of real-time control strategies are based on the 2D
point-vortex model [21], [25]. The selected mathemat-
ical model has been successfully validated against the
Atargis experimental tests [26], [27] in terms of waves
generated by the rotating foils in [25], [28]. It has also
been validated against the tests of a 2D scaled LiftWEC
prototype [29], [30] and CFD simulation results [31], in
terms of the generation of tangential and radial forces,
in [7], [8], [22]. The detailed diagram of the mathe-
matical model of a cyclorotor with two hydrofoils is
presented in the Fig. 2.

Fig. 2. Analytical model for cyclorotor WECs: θ - the polar angle
position of the hydrofoil, y0 - the submergence of the rotor shaft, VW

- the wave-induced fluid velocity, VR - the instantaneous velocity
of the foil, V̂ - the overall relative foil/fluid velocity, VHM - the
instantaneous radiation from the foil, VHW - the wakes left behind
the hydrofoil, α - the attack angle, FL, FD, FT , FR - the lift, drag,
tangential, and radial forces, T - the torque on the rotor shaft, and
ϕ - the relative phase between the first hydrofoil (i = 1) at the top
dead centre position and the wave crest location above the cyclorotor
shaft.

In the case of a cyclorotor with two hydrofoils, the
position (xi, yi) of the hydrofoil i, can be determined
as:

xi(t) = R sin(θ(t) + π(i− 1)) (1)
yi(t) = y0 +R cos(θ(t) + π(i− 1)), (2)

where θ(t) is the polar angle of the hydrofoil position
at time instant t, R is the rotor radius and y0 is the
submergence depth of the rotor centre.

Then, the instantaneous rotational velocity VR, re-
solved into Cartesian coordinates, can be found as the
time derivative of position as:

VRxi
(t) = Rθ̇(t) cos(θ(t) + π(i− 1)) (3)

VRyi
(t) = −Rθ̇(t) sin(θ(t) + π(i− 1)), (4)

where θ̇(t) is the angular velocity.
Cyclorotor rotation is considered in monochromatic

waves, which can be modeled as potential Airy waves
[7]:

ΦW =
Hg

2ω
eky sin(kx− ωt+ ϕ), (5)

where H is the wave height, g is gravitational accelera-
tion, ω is the wave frequency, k is the wave number, ϕ
is the relative phase between the first hydrofoil i=1, at
top dead centre position, and the wave crest location
above the cyclorotor shaft.

Then, the wave induced fluid particle circulation
velocity VW can be found as the gradient of the
potential (5):

VW = ∇ΦW, (6)

The wakes generated by the hydrofoils can be ap-
proximated as the waves radiated by a moving point-
vortex, which has the following complex potential [7]:

F(z, t) =
Γ(t)

2πi
Log

[
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]
−

2i
√
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π

∫ t
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Γ(τ)√
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D

[ √
g(t− τ)

2
√
i(z − c̃(τ))

]
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(7)

where z = x + iy is the coordinate on the complex
plane, c(t) = x(t) + iy(t) is the position of the of
the point-vortex, c̃(t) is the complex conjugate of the
position on the complex plane, and D(x) is the Dawson
function [32]:

D(x) = e−x2

∫ x

0

ey
2

dy. (8)

The intensity of the circulation of the point-source
vortex Γ is proportional to the lift force FL generated
on the hydrofoil [33]:

Γ = FL/(ρ|V̂ |) = 1

2
CL(α) |V̂ |C, (9)

where V̂ is the relative foil/fluid velocity, ρ is the water
density, C is the hydrofoil chord length, CL(α) is the
lift coefficient [34], and α is the angle of attack.

The velocity components of the waves radiated by
the rotating hydrofoil can be found as the partial
derivative of the complex potential:

VH =
∂F(z, t)

∂z
= (VH)x − i (VH)y . (10)

The obtained velocity vector components can be
separated into the instantaneous radiated waves VHM
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(the first term of the equation (7)), and wakes VHW,
which are left behind the hydrofoil (the integral part
of equation (7)):

VH = VHM +VHW, (11)

Thus, the relative foil/fluid velocity for the hydrofoil
i can be calculated using:

V̂i = VWi
−VRi

+VHWi +VHMj +VHWj, (12)

where components with the index j correspond to the
wave radiation from opposite hydrofoil and should be
omitted in the case of a single hydrofoil cyclorotor.
The vector VRi

is taken with a negative sign since the
direction of the water flow is the opposite to the instan-
taneous rotational velocity of the foil. Additionally, it
is not possible define the instantaneous radiated waves
VHWi in the immediate vicinity of the point source i
due to the singularity highlighted in [35].

The inclusion of the near fluid velocity field permits
correction of the estimate of the angle of attack for the
rotor foil:

αi(t) = arcsin

(
(VRi)x ∗ (V̂i)y − (VRi)y ∗ (V̂i)x

|VRi
||V̂i|

)
+ γi,

(13)
where γi is the pitch angle of hydrofoil i.

Then, the tangential forces FT , generated on each
hydrofoil, can be found as:

FTi
=

1

2
ρ(CL(αi) sin (αi − γi)−

CD(αi) cos (αi − γi))|V̂ |2 C S, (14)

where S is the span of the hydrofoils, CL(αi) and
CD(αi) are lift and drag coefficients, respectively,
which can be approximated as lift and drag coefficients
obtained for aerofoils in [34].

III. CONTROL SYSTEM FORMULATION AND SOLUTION

A. Performance function

The tangential forces FTi
generated on the hydrofoils

create a mechanical torque T on the rotor shaft, which
can be absorbed by a rotational generator. Based on the
angular version of Newton’s second law, the mechan-
ical torque T torque can be evaluated using:

T = (FT1
+ FT2

)R− Iθ̈(t), (15)

where I is the moment of inertia of the rotor, and θ̈(t)
is the angular acceleration.

Then, the mechanical power generated within time
interval from [T0, TN ] can be evaluated as:

PShaft =
1

(TN − T0)

∫ TN

T0

T (t)θ̇(t)dt. (16)

The hydrodynamic efficiency of the tested cyclorotor
is assessed in terms of the traditional metric for wave
energy converters (WECs) - the capture width ratio
(CWR). This efficiency metric, denoted as η, reflects the
fraction of wave power flowing through the device that
is absorbed by the device [36]:

η =
PShaft

PAiry ∗ S
∗ 100%, (17)

where S is the span of the cyclorotor foils, PAiry is the
power of the monochromatic Airy waves, which can
be evaluated as:

PAiry =
1

32π
ρg2H2T, (18)

where T is the wave period.

B. Optimal control strategy
The 3D LiftWEC scaled prototype assessments in-

clude tests of prescribed rotational velocity control
strategies. The tested rotational velocity changes are
based on the analytical control solutions presented
in [18]–[20], which show, that the variation of the
rotational velocity θ̇(t), within the period of monochro-
matic wave T , permits an increase of the power pro-
duction compared to a constant rotational velocity
strategy (for which θ̇ = ω). In the case of monochro-
matic waves, the control goal of maximisation of gen-
erated mechanical power can be presented in the fol-
lowing form:

Max
R

T

∫ TK+1

TK

(FT1
+ FT2

) θ̇(t)dt, (19)

where K is the period index of the synchronous rota-
tion of the cyclorotor with the waves. We select K = 8,
since as it was shown in [18], that after eight rotational
periods of the rotor in phase with the incident waves,
all hydrodynamic and mechanical processes became
periodic. The influence of the moment of inertia I in
(15) can be ignored in (19), for the constant velocity
cases, or periodic solutions on the selected time interval
θ̇(TK+1) = θ̇(TK).

According to the optimal control method presented
in [18], the average angular velocity of a cyclorotor
WEC, within the wave period T , must be equal to
the wave frequency ω, in order to achieve a peri-
odic solution within T . Then, the optimal position of
the cyclorotor hydrofoils θ(t), within the period of a
monochromatic wave, can be found in the form of the
following Fourier series:

θ(t) = ω t+

m∑
i=1

ai cos

(
2π t

T
i

)
+ bi sin

(
2π t

T
i

)
(20)

where the coefficients ai and bi need to be determined
from the optimisation problem in (19).

The optimal angular velocity θ̇ and acceleration θ̈
can be obtained by differentiation of the series in (20)
with respect to time t. Thus, the mechanical energy
which can be generated in monochromatic waves can
be evaluated by substitution of (20) into the functional
(19). It was shown, in [18], that m=15 time series
coefficients is sufficient to achieve convergence of the
solution.

The functional (19) is discretized using a finite differ-
ence method and all model equations are programmed
in Python. The optimal coefficients ai and bi were
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determined numerically using a global optimisation al-
gorithm [18]. The angular velocity was limited 0.75ω <
θ̇ < 1.25ω in order to align with capabilities of the
experiment PTO system. The obtained time profiles of
the optimal foil position, within each period of the
monochromatic waves, were submitted for testing.

IV. EXPERIMENTAL TESTS OF 3D LIFTWEC
PROTOTYPE

The 1:20 scale 3D prototype of the LiftWEC cycloro-
tor (Fig. 3) was designed, built, assembled and commis-
sioned by Ecole Centrale Nantes (ECN), France [23],
[24]. The created cyclorotor has radius R=0.3m, central
shaft submergence y0=-0.6m, and allows installation of
one or two curved hydrofoils NACA0015 with chord
length C=0.3m and span S=1.49m. The hydrofoil pitch
angles γi were adjusted manually between tests. The
angular velocity of the rotor was controlled using a
power take off (PTO) system, consisting of an electrical
motor which can be controlled in both angular speed
θ̇ and torque T .

Fig. 3. Experimental scaled prototype of a LiftWEC with two
hydrofoils

Experimental testing of the 3D scaled prototype, in
regular and irregular waves, was conducted in the Hy-
draulic and Offshore Engineering wave Tank (HOET)
in September and October 2022. Ten wave gauges
were used for wave calibration before the experiments,
and for free surface elevation measurement around
the cyclorotor during tests. Sensors installed on the
rotor allow measurement of the rotor angular position,
radial and tangential loads on the foils, the torque
generated on the main shaft, as well as the position
of the hexapod holding the model. Sensor cells on the
rotor arms, which allow measurement of radial and
tangential loads, were covered by the struts (see Fig. 4).
The shape of the struts is based on NACA0021 profiles
to achieve low drag. Fig. 4 also shows the end-plates,
which were installed in order to avoid tip vortices
influences.

The model design details are described in a LiftWEC
project deliverable [23], and data which was measured
during more than 600 experimental tests is published
in open access on Zenodo [24]. Indexation of the tests
presented here is the same as in the published dataset.
More details on the experimental test campaign is
available in a LiftWEC deliverable, in open access on
Zenodo [37]

Fig. 4. Struts, end-plates, and sensors on the rotor arms.

V. ANALYSIS OF THE EXPERIMENTAL TESTS

A. Analysis of optimal conditions for power production

This subsection is dedicated to analysis of selected
tests of the cyclorotor with different hydrofoil config-
urations with constant rotational velocity θ̇ = ω, and
different phases ϕ in a monochromatic wave H=0.15m,
T=2s and PAiry=43W/m. The average efficiency η of
each configuration is assessed over 20 wave periods,
from T0=20s to TN=60s, using (17). The results of
the efficiency assessment are presented in Table 1.
The rows of the table corresponds to the different
phase values ϕ, between the first hydrofoil position
(1),(2) and the wave crest (5). It is seen, that the
maximum efficiency corresponds to the cases when the
first hydrofoil has ϕ = 270o phase with the incoming
wave. Tests 190-201 conducted for Configuration I
study rotation of a single hydrofoil with pitch angle
γ1 = −4o without end-plates, while Tests 288-294 for
Configuration II were conducted in the same exper-
imental conditions, but with end-plates installed on
the hydrofoil (see Fig. 3). The end-plates are designed
to minimise the influence of tip-vortices, reduce the
dynamic drag, and increase the lift force generation.
During the conducted tests, the maximum tangential
force recorded for Configuration I (Test 190, without
end-plates) is FT =10.23N but, after the installation
of end-plates (Test 288), it reached FT =10.49N [24].
So, it was decided to keep the end-plates installed
for all consequent tests. However, post analysis of the
experimental data has shown that end-plates have a
negative influence on the rotor efficiency (see Table I).
This conclusion regarding the losses associated with
end-plates is in agreement with the results obtained
from experimental tests and numerical simulations of
cross-flow turbines in a mean flow [38].

The assessments presented for Configurations I and
II show how sensitive the rotor efficiency is to the
optimal rotor phase with respect to the wave crest. A
positive shift of +45o from the optimal phase ϕ = 270o

results in no power production, and the experimen-
tal setup only expends energy to maintain hydrofoil
rotation. A negative shift of −45o from the optimal
phase causes a loss of 2/3 of the foil efficiency without
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TABLE I
THE DEPENDENCE OF AVERAGE POWER PRODUCTION WITHIN THE WAVE PERIOD ON THE OPTIMAL PHASE WITH MONOCHROMATIC WAVE

H=0.15M, T=2S, FOR CYCLOROTORS WITH DIFFERENT CONFIGURATIONS OF HYDROFOILS.

end-plates, and 3/4 for a foil with end-plates. The
decrease in efficiency can be explained by the changes
in the direction of the relative foil/fluid velocity V̂ and
ranges of angles of attack α which hydrofoil experi-
ences by following the prescribed path. Thus, in Test
201, the hydrofoil has relative phase of ϕ = 90o, which
is a counter phase to the optimal phase of ϕ = 270o

(Test 190). As a result, during Test 201, the hydrofoil
experiences the same range of angles of attack as in
Test 190, but with opposite signs. The difference in the
efficiency can be explained by the asymmetric shape of
the curved hydrofoil.

The tests of Configuration III were assessments of
a single hydrofoil with a neutral (zero) relative pitch
angle γ1 = 0. An increase in pitch angle by +4o,
compared to the tests of the Configurations I and II ,
leads to an increase in the number of phases for which
power production was recorded. An increase of the
pitch angle also allows an almost doubling of power
production for the case of optimal phase (Test 382).
However, the range of the angles of attack experienced
by the foil also shifted closer to the stall point, for
which flow separation was observed during the experi-
mental tests. Despite the increase in power production,
the flow separation also leads to a significant increase
in the radial force and, as a result, a corresponding
increase in structural loading. Such loads cause fatigue
of the structure, increase in the operational costs of the
cyclorotor WEC and its LCoE. That is why stall angles
should be avoided.

Configuration IV has two hydrofoils, both with zero
pitch angles γ1 = γ2 = 0. Its maximum efficiency
η=21.1% is achieved in Test 534, which has rotation
with the optimal phase ϕ = 270o for the first foil and
opposite phase ϕ = 90o for the second foil. If we
ignore any interaction between two hydrofoils, Test
534 can be considered as the sum of separate Tests
382 and 497 for single foils. However, the efficiency
which was recorded during Test 534, P534=21.1% is
less than the sum of the efficiencies in Tests 382 and
497, P382 +P497=23.2%. The 2.1% of efficiency loss can
be explained by the fact that the hydrofoils operate
within the wakes left by each other. The wakes cause
significant disturbance in the relative foil fluid velocity
field V̂ and influence the actual angles of attack α. That
is why it is recommended to limit the number of rotor

hydrofoils to two.

B. Implementation of the optimal control strategies
The 3D experimental tests of the scaled LiftWEC pro-

totype also include tests of the variable velocity control
strategies. The control strategies were developed with
the use of the control solution methods described in
Subsection V-A using lift and drag coefficients for
aerofoils NACA0015 [34]. It was planned to use pre-
scribed control, which controls the hydrofoil position
θ within the period T of the monochromatic waves.
It was expected to achieve at least approximately 10%
increase in mechanical power generation.

Contrary to expectations, during the test campaign,
it became apparent that the experimental PTO cannot
exactly control the position of the foil, but can only
change the rotational speed θ̇. The speed profiles also
cannot be controlled accurately (i.e. the speed does
not exactly follow the optimal setpoint), and there is a
significant difference between the planned end actual
foil behaviour within the monochromatic wave period
(See Fig. 5).

Fig. 5. The planed and actual rotational speeds of the foil during
Test 484.

Fig. 5 illustrates the difference between the planned
and actual rotational speed for a single hydrofoil with
pitch γ = 4o which was tested in monochromatic
waves, with H=0.15 and T=2s, in Test 484. As can be
seen from Fig. 5, the actual rotational speed exceeds the
planned speed, which leads to a significant increase in
phase difference by ∆ϕ = 16.68o between the foil and
incoming wave, during each of rotational periods. As a
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Fig. 6. The efficiency of the cyclorotor for constant and variable speed control strategies

result, there are only a few short time intervals where
the hydrofoil is relatively close to the expected position
(optimal conditions) within the wave period.

Fig. 6 shows a comparison of the rotor efficiency
η for various full periods of monochromatic waves
with T=2s and H=0.15m. The blue, red and yellow
lines correspond to Tests 382, 288 and 474, respectively,
where the foil has constant velocity θ̇ = ω, relative
foil/wave phase of ϕ382 = 270o, ϕ288 = 270o, ϕ474 = 0o,
and pitch angles γ382 = 0o, γ288 = −4o, γ474 = 4o,
respectively. The purple line corresponds to Test 484,
where a variable rotational velocity (see Fig. 5) was
tested for a single hydrofoil with pitch of γ = 4o. It is
noticeable, from Fig 6, that, during periods 19-21, the
foil has relative phase ϕ close to 90o which is very close
to conditions of Test 474. However, the foil requires
more energy for rotation because of inaccurate phase
and the variable velocity profile. After 10 cycles, the
phase of the foil is shifted by a total of 166.8o and the
foil obtains a close to optimal phase ϕ = 270o. It allows
for the generation of even more energy compared to
Test 382, due to the variable velocity and larger value
of pitch angle. Thus, it is clear that, only during cycles
7, 8, 28, 29 and 30, the phase ϕ between the foil and
wave is optimal, and the foil generates 5-10% more
energy compared to the best case of constant velocity.

When manufacturing and testing a bespoke exper-
imental model, it is rare not to experience some un-
planned situations, especially when the model is asso-
ciated with a novel concept. The problems experienced
have shown that the PTO system for LiftWEC will re-
quire a stronger and more accurate generator/motor to
reproduce the prescribed velocity profile. Nevertheless,
the data generated from this test was also used for
further control-oriented model validation and, when
optimal velocity tracking was achieved, the power cap-
ture increase was consistent with model predictions.

VI. CONCLUSIONS

In general, the 3D LiftWEC scaled prototype test
campaign was successful. The assessments of the ex-
perimental tests have shown capture width ratio effi-
ciency up to 21.1%. Further development of the cy-
clorotor WEC design and control strategy will defi-
nitely increase the device efficiency.

The first problem which must be addressed is op-
timisation of hydrofoil profile. The tested aerofoils
NACA0015 struggle to maintain attached flow during
rotation in waves. New specifically designed hydro-
foils will increase the range of angles of attack for
operations, generation of lift forces, as well as decrease
drag effects. The experimental foils also were tested for
a relatively small Reynolds number, so it is expected
to see an increase in the lift coefficients for the much
larger Reynolds numbers in which a full scale proto-
type will work. In addition to larger radius and speeds,
a full scale prototype will have a larger hydrofoils span,
which will also increase the generation of lift forces
and, as a result, the efficiency of the device. It has been
shown that an increase in the number of hydrofoils
will not result in a linear increase in performance, as
the hydrofoils will operate within the strong wakes
generated by each other.

The experimental tests confirmed the high sensitivity
of the power production to the hydrofoil phase ϕ
relative to the incoming wave. A shift of ±450 from
the optimal phase leads to a significant loss of power
production. That is the main reason why the rotor po-
sition must be controlled in real time. Correct hydrofoil
pitch angle is also very important for the maintenance
of the optimal angle of attack. It is shown that a shift in
the pitch angle of ±4o can double energy production.
On the other hand, as shown in [7] and [22], the large
values of angle of attack (α > 14o) cause a stall effect,
which significantly increases the structural loads and
leads to the fatigue and damage of the cyclorotor. That
is why it is important to control cyclorotor WECs in
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real time, in both pitch and velocity. The real time
control strategy must be able to identify the optimal
phase, rotational velocity and pitch angle for much
more complex fluid velocity fields corresponding to
panchromatic waves in real sea states.

While the conducted analysis covers only four cy-
clorotor configurations and one type of monochromatic
waves, the methodology developed and presented in
this paper can be used for analysis of the data from
more than 400 experimental tests of the scales 3D
LiftWEC prototype. These test results are published in
open access in [24], [37]. The experimental test data
include: a) wave calibrations tests; b) substructure drag
and motion tests; c) tests of cyclorotors with one or
two hydrofoils with different constant hydrofoil pitch
angles γi, in air, still water and various monochromatic
and panchromatic waves; d) tests of different rotational
speeds θ̇, submergence depths y0 and phases with the
wave crest ϕ in monochromatic waves; e) free wheeling
tests;

Despite limited success in these first tests of pre-
scribed control of rotational velocity, the obtained re-
sults can be used for further development of the real
time control for cyclorotor-based WECs. It is clear that
the rotor requires actuators which will allow accurate
tracking of the optimal phase, velocity and angle of
attack. Feedforward (precomputed) control was not
ideal, due to inaccuracies in the system, including lack
of synchronisation with the actual free surface in the
tank. In addition, an accurate predictor of the relative
foil fluid velocity and an estimator for the cyclorotor
state must be developed for real-time operation in
panchromatic waves.

Nevertheless, the experimental tests confirmed many
analytical hypotheses which are used for full-scale
device performance prediction. The performance anal-
ysis conducted within the LiftWEC project, supported
by numerical, physical and economical modeling con-
ducted by the consortium of 10 industry and academia
partners’ permitted the estimation of LCoE at ∼ 140
€/MWh [10]. It creates motivation for the further study
and development of cyclorotor-based WEC technology.
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