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Abstract— This paper deals  with the problem of  estimating 
wave  pressure  loads  acting  on  Oscillating  Wave  Surge 
Converters  (OWSC)  for  assessment  of  fatigue  on  their 
components. Recent wave loading data issued from experimental 
testing of a 25th scale model of a box-shaped OWSC are here 
used  to  review  the  accuracy  of  the  predictions  made  by  an 
engineering  method  previously  developed  to  derive  wave 
pressure loads on OWSCs from experimental data. Predictions 
are  shown  underestimate  wave  pressure  loads,  and  other 
methods  subsequently  developed  are  presented.  A  simplistic 
experimental  method taking in consideration variations of  the 
wetted surface area of the flap is shown to lead to relatively good 
estimates of wave pressure loads that could be used for fatigue 
calculations.

Keywords— wave energy, OWSC, flap-type WEC, wave 
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I. INTRODUCTION

Developers  of  Wave  Energy  Converters  (WEC)  aim  to 
build robust devices which could generate energy over twenty 
years  or  more.  But  the  differences  in  the  arrangement  and 
principle of operation of the various proposed WEC designs 
implies that there is no standard design code readily available 
for the industry. Each developer has to estimate the loads its 
device  will  be  subject  to  during  its  lifetime  in  order  to 
dimension it so that it can withstand these loads. Insufficient 
information on the loading of the device leads to the use of 
large  factors  of  safety  to  prevent  failures,  which  affects  its 
fabrication cost and ultimately the cost of power produced by 
the device.  An accurate description of the loads that a WEC 
will have to withstand during its life cycle is then critical in 
order to achieve an efficient  design for a cost effective and 
robust WEC.

The  Oyster® wave  energy  converter  developed  by 
Aquamarine  Power  Ltd.  and  based  on  the  concept  of  the 
Oscillating  Wave  Surge  converter  (OWSC)  [1],[2] is  an 
efficient device to extract energy from ocean waves. Designed 
to  be  placed  in  shallow  waters  to  take  advantage  of  the 
increased horizontal motion of water particles, it uses a large 
buoyant  flap  hinged  close  to  the  sea  bed  and  totally 

penetrating the water column as its primary converter. Wave 
loads on the device, principally the dominant wave pressure 
loads,  induce  a  rotational  motion  of  the  flap,  from  which 
energy is removed using a Power-Take-Off (PTO) system.

Load  cases  required  for  the  design  of  OWSCs  must  be 
representative of the full spectrum of loading conditions the 
structure will be subject to. Sufficiently long time histories in 
polychromatic sea states are needed for fatigue calculations, 
as well as information on wave loading during extreme events 
for estimates of maximum loads.

First-order numerical models can inform on the dynamics 
and  loading  of  an  OWSC  in  small  sea  states.  They  are 
however  not  adapted  to  describe  the  energetic  non-linear 
shallow-water waves such devices are expected to encounter 
in  normal  operating  conditions,  and  the  large  angular 
deviations that can result from wave forcing. Computational 
methods  simulating  the  fluid  flow  can  lead  to  accurate 
predictions of the device dynamics and of its loading in some 
specific situations  [4]-[6] that can be representative of rough 
sea  conditions  [7].  Those  are  however  usually  limited  to  a 
small number of wave cycles due to high computing costs.

Physical modelling still remains the most efficient way to 
obtain a  large  amount  of  information on the  dynamics and 
loading of an OWSC over a wide range of sea conditions, as 
required for statistical analysis involved in fatigue assessment. 
Moreover, due to the significant resources required to design a 
fully-instrumented  scale  model  of  an  OWSC,  every  scale 
model of the successive design variations tested during this 
phase of optimisation of the device cannot be instrumented 
with numerous  sensors.  Methods that  can  accurately  derive 
wave  pressure  loads  acting  on  an  OWSC  using  standard 
instrumentation  are  still  needed.  This  paper  deals  with  the 
development,  assessment  and  comparison  of  three  methods 
devised to derive wave pressure loads acting on the flap of an 
OWSC  from  experimental  data  obtained  using  standard 
instrumentation.

Previous  experimental  investigations  carried  out  on 
OWSCs  were  mainly  concerned  with  estimating  of  their 
power capture [8], and the loads induced on their foundations 
[9].



Fig. 1 Physical  model  of  an  OWSC  equipped  with  a  standard 
instrumentation set-up.

Scale  models  of  an  OWSC,  as  that  schematically 
represented in Fig. 1, consisted of a flap hinged close to its 
bottom  face  and  attached  to  the  tank  floor  by  a  support 
structure.  In  a  standard  set-up,  models  were  equipped  with 
instrumentation modules containing potentiometers recording 
the instantaneous flap angular position and torque transducers 
recording the PTO torque applied. A load cell  was used to 
record the load  R sacting on the flap's foundations. With the 
support  structure  and  the  load  cell  encased  to  avoid  avoid 
hydrodynamic loads on them, the loads measured at the load 
cell could be transformed to get the resultant RF of the reaction 
loads induced by the flap at its hinges. These reaction loads 
are induced by loads acting on the flap, including the wave 
pressure loads acting over the wetted surface area of the flap 
represented by the dark region on the flap in Fig. 1

Experimental data were extrapolated using Froude scaling 
to estimate their equivalent quantity at  larger  scale,  used to 
guide  the  design  of  the  first  full-scale  prototypes. 
Measurements of the flap's dynamics in a wide range of sea 
states resulted in estimates of the power capture of a full-scale 
device, directly linked with its power production. Estimates of 
the loads acting on its foundations informed the dimensioning 
of its anchoring system and support structure, influencing its 
material and fabrication costs.

Details  of the distribution of wave pressure loads,  acting 
over  the  variable  immersed  surface  area  of  the  flap,  were 
unknown for most sea conditions.

This  lack  of  knowledge  led  to  the  development  of  an 
engineering  method  to  derive,  from  experimental  data, 
estimates  of  wave  pressure  loads  on  the  flap.  There  was 
considerable  uncertainty  on  the  results  obtained  with  this 
method, called of Assumed Unit Distributions (AUD), as no 
information was available to validate the predicted pressures.

The 18 m-wide flap of the first full-scale demonstrator, the 
Oyster  1  device,  installed  at  the  European  Marine  Energy 
Centre (EMEC) in 2009 and the 26 m-wide flap of the Oyster 
800 device installed at EMEC in 2012 were both mainly made 
of  horizontal  steel  tubes  [10],[11].  This  resulted  in  a  high 
flexural  resistance  of  their  flap.  The  dimensioning  of  the 
different components of the device was generally driven by 
global loading, such as as heave and surge loads or transverse 

(width-wise)  bending,  rather  than  by  local  pressure 
distribution patterns. Moreover, local design which could be 
sensitive to details of pressure distribution was driven more by 
extreme  wave-slam loads,  significantly  greater  than  typical 
operating loads. Detailed description of the loads acting on the 
flap was then not critical. It was therefore acceptable for the 
design until now to use a relatively coarse description of the 
wave pressure loads acting on the flap,  provided that  those 
resulted in a correct global loading.

Optimisation of the Oyster machine is continuing, and the 
third-generation  prototype,  the  Oyster  801  device,  presents 
even more design changes. It will be anchored into the seabed 
with a  mono-pile  system, and  its  26 m-wide flap,  made in 
Fibre  Reinforced  Plastic  (FRP),  will  be  lighter  [12].  Its 
improved hydrodynamic shape results in the flap resembling a 
thick rectangular plate rounded at the edges. The material and 
shape  changes  of  the  flap,  motivated  by  cost-  and 
hydrodynamic-efficiency,  result  in  drastic  changes  of  its 
mechanical properties. Laminate materials such as FRP can be 
subject to different damage mechanisms under fatigue loads, 
depending  on  many  parameters  such  as  micro-structure, 
material  properties,  dimensions,  geometry,  production 
techniques,  loading  conditions,  strain  history,  and 
environmental factors  [13].  A 26 m-wide flap also has to be 
made  of  smaller  FRP  structures  assembled  together  using 
some bonds, which can also be sensitive to fatigue loads [14]. 
An accurate description of the wave pressure loads expected 
to act on the flap during the device's lifetime, and particularly 
of  the  loads  acting  during  normal  operating  sea  conditions 
generating millions of cycles of wave forcing each year, now 
becomes more important to  efficiently design and dimension 
its  different  components.  Accurate  load  cases  also  mean 
reduced  factors  of  safety,  less  conservative  design  and 
therefore reduced cost of the device.

A recent experimental investigation, that will be introduced 
in the next section, allowed more insight into the distribution 
of wave pressure loads on an OWSC. The experimental data 
obtained during these tests are first used in this work to assess 
the accuracy of the results obtained with the AUD method. 
Results presented in the third section show that the predictions 
obtained were largely underestimating wave pressure loads in 
most cases. Another technique, called of derived distributions 
(DD), introduced in the fourth section, was developed using 
the  experimental  data  of  wave  pressure  loads.  It  proved to 
result in more accurate estimates of wave pressure loads on 
the  flap  than  the  AUD method,  but  the  dependency  of  the 
results obtained on the data set used for its calibration made it 
unsatisfactory.  The  other  method devised  introduced  in  the 
fifth  section  uses  experimental  data  of  near-body  Local 
Surface Elevation and was named SLSE method. The more 
accurate  description  of  the  instantaneous  wetted  surface 
provided  by  near-body  free-surface  information  resulted  in 
estimates  of  wave  pressure  loads  relatively  accurate  for 
production seas. In the last section, it is shown that despite its 
simplicity,  the  SLSE  method  results  in  better  estimates  of 



wave pressure loads than the other two methods presented, for 
all sea states investigated.

II. EXPERIMENTAL STUDY

Bourdier  and  Whittaker  [15] tested  a  scale  model  of  a 
generic  OWSC,  instrumented  with  pressure  sensors.  The 
geometry of the flap was simplified to resemble a large box 
with its bottom face semi cylindrical, as presented in Fig. 2. 

Fig. 2 Scheme of the model of the box-shaped OWSC instrumented with 
pressure sensors investigated by Bourdier and Whittaker [15].

Its dimensions were close to those of a 25th scale model of 
the flap of the Oyster 800 machine; the flap was 1.04 m wide, 
0.12 m-thick and 0.48 m-high from pivot to  top and could 
oscillate around the axis of its  semi-cylindrical  bottom face 
placed horizontally at 0.16 m from the tank floor. The model 
was instrumented, as in previous experimental studies, with a 
standard  set-up  consisting  of  rotation  sensors,  torque 
transducers and a 6-DoF load cell. On top of that standard set-
up,  the  model  was  also  equipped  with  an  accelerometer 
accurately  measuring  its  angular  acceleration,  and  thirteen 
pressure sensors.

For all configurations tested, conditions were set in order to 
generate  a  problem symmetrical  with  respect  to  the  centre 
plane (length-wise) of the wave tank represented on Fig. 2. 
The model was placed in the centre (width-wise) of the 20m-
long 4.56 m-wide wave tank, at 7.7m from the paddles of the 
wave  maker.  Its  mass-distribution  was  designed  so  that  its 
centre  of  gravity  belonged  to  the  symmetry  plane,  not  to 
induce any asymmetric inertial loads. The incident wave field 
was  always  two-dimensional,  long-crested  with  the  wave 
fronts parallel to the flap's axis. These conditions resulted in a 
pressure field around the flap symmetrical with respect to the 
flap's  centre  plane.  This  symmetry  condition  was  used  to 
obtain 26-point pressure fields from thirteen pressure sensors 
placed on one half of the front and back faces of the flap, as 
shown in Fig.  2.  Particular  attention was paid to  provide a 
very  detailed  description  of  these  tests,  with  a  complete 
description of the experimental set-up, including the tank and 
the model.  This description done using a commercial  CAD 

software also allowed to accurately estimate the mechanical 
characteristics of this complex model. The still water level at 
the  model  position  was  set  to  0.536  m.  This  Mean  Water 
Level (MWL) is also indicated with a dashed line in Fig. 2. 
The model was tested in a number of different configurations, 
including with two-dimensional polychromatic incident waves 
characterised  by  a  Bretschneider  spectrum  simulating 
operating seas.

Details  of  the  distribution of  wave pressure  loads  on an 
OWSC measured for  the first  time in many sea conditions, 
including in  large sea states  where  the flap described large 
amplitude motion, helped to inform on the loading of OWSCs. 
Experimental  data  obtained  were  also  used  to  assess  the 
predictions of different numerical models [4]-[6]. The data are 
here first used to assess the distribution of wave pressure loads 
predicted by the historic method, the AUD method presented 
next, in this case.

III. METHOD OF ASSUMED UNIT DISTRIBUTIONS

The AUD method consists in obtain estimates of pressure 
distributions  over  the  flap's  faces  using  commercial  wave-
interaction software WAMIT [16], for the flap fixed upright at 
different  phases  in  small-amplitude incident monochromatic 
waves.  Based  on  these  simulations,  pressure  distributions 
were generated, only over the wetted surface area of the flap 
in still water, that would induce a unit load on the flap's hinges 
(a  unit  heave,  surge,  sway,  pitch,  roll  or  yaw)  without 
inducing  any  other  loads  [17].  These  unit  pressure 
distributions were  combined so that  their resultant  loads on 
the  flap  matched  the  resultant  loads  RF  experimentally 
measured.

This method, named of assumed unit distributions or AUD 
method, was used to estimate the wave pressure loads exerted 
on  the  box-shaped  flap  during  the  tests  were  carried  out. 
Experimental data of rotation, PTO torque applied and loads 
on the flap's hinges, that would be obtained with a standard 
experimental set-up, were used to generate estimates of wave 
pressure distributions over the flap's  surface.  Time series of 
wave pressure loads at the sensor positions were then derived 
to be compared to those measured experimentally.

The  pressure  time  series  estimated  at  the  three  sensor 
positions closest  to  the symmetry plane,  for  both front  and 
back faces, in the case of the flap damped in a polychromatic 
sea  with  Tm=1.7  s  and  Hm=  0.17  m,  corresponding  to  a 
normal  operating sea with Tm=8.5 s and Hm= 4.25 m, are 
compared in  Fig.  3 with experimental  data.  On each graph, 
pairs of pressure time series sharing the same initial pressure 
present measured and predicted pressures for the same sensor. 
It  can  be  seen  that  the  pressures  predicted  for  the  upper 
sensors that are in air in still water are constant at atmospheric 
pressure  (Patm=101325  Pa)  as  the  wetted  area  is  here 
considered  fixed  equal  to  the  wetted  area  in  still  water  at 
MWL. Pressure time series predicted with the AUD method 



could  exhibit  a  behaviour  similar  to  that  of  the  pressure 
measured at the same position, as in the case presented in Fig. 
3 for  the middle sensor on the front face.  Predicted  values 
appeared however to be largely underestimating experimental 
values in nearly all cases. 

Fig. 3  Pressure time series measured (-) and predicted (- -) by the AUD 
method for the three sensors close to the centre of the flap, on the top for the 
front face, on the bottom for the back face. Flap damped, polychromatic sea  
state with Tm=1.7 s and Hm=0.17 m.

However, as explained earlier, accurate description of the 
wave pressure loads on the flap was not critical for the design 
of  the  two  first  full-scale  devices,  as  long  as  the  resulting 
global  loading  was  correct.  The  FRP  flap  of  the  third-
generation prototype will be more sensitive to fatigue loads, 
and  better  description  of  the  loads  acting  on  it  in  normal 
operating seas is now of more importance for its design. 

IV. METHOD OF DERIVED DISTRIBUTIONS

The recent experimental data obtained with the scale model 
of a  box-shaped OWSC were used to attempt developing a 
straight  forward  method  to  derive  more  accurate  wave 
pressure loads from experimental data. Wave pressure loads 
on the flap induce forces and moments on it which contribute 
to its dynamics, and to the loads acting on its hinges. The flap 
dynamics  and  the  loads  acting  on  its  hinges  are  then 
dependent  on  the  pressure  loads.  The  method  consists  in 
trying to find wave pressure loads that would be dependent on 
the flap's dynamics and the loads acting on its hinges. A least-
square fit  was performed to determine the coefficients  of  a 
matrix A linking measured pressure time series to some of the 
measured variables  that  would be available with a standard 
experimental  set-up  (wave  probes,  rotation  sensors,  torque 
transducers and a 6-DoF load cell):

A .V m=Pm

Time  series  of  the  variables  chosen,  here  the  total 
hydrodynamic moment  MH , the flap surge  SF and flap pitch 
dF, formed the rows of the matrix of measured variables Vm:

V m=[
M H (1 ) . .. M H ( n )

S F (1 ) . ..S F (n )

d F (1 ) . ..d F (n ) ]
, where n is the number of samples recorded. The matrix of 

measured  pressure  signals  Pm was  formed  by  columns  of 
pressure  time  series  recorded.  In  order  to  simplify  the 
problem, the wetted area over which pressures were predicted 
was again considered fixed, equal to the wetted area in still 
water at MWL. Only the time series for the ten sensors below 
MWL  were  used,  to  estimate  pressure  distributions  only 
below MWL:

Pm=[
P1 (1 ) .. . P10 (1 )

. . .

. . .
P1 ( n ) .. . P10 ( n ) ]

The  matrix  A  was  then  used  to  calculate  estimates  of 
pressure time series at the same positions from the measured 
variables:

Pe =A .V m

This  method  of  derived  distributions,  or  DD  method, 
seemed  appealing  as,  as  illustrated  by  Fig.  4,  the  pressure 
estimates  obtained  when  using  the  same  set  of  measured 
variables were in relatively good agreement with the measured 
pressures.

Similarly  to  the  previously,  pressures  predicted  for  the 
upper sensors are constant at atmospheric pressure because to 
the wetted area is considered constant. Despite this, predicted 
pressure estimates do follow the trend of experimental data.

Recalculating the pressure measurements using the matrix 
A and the same measured variables Vm that were used to obtain 
A however only  corresponds to verifying the least-square fit 
performed. Results obtained in that case were then expected to 
be relatively in good agreement.

Results  were  not  as  accurate  when  using  the  matrix  A 
derived from measured variables recorded in one sea state to 
predict pressure fields in different sea conditions. Predictions 
were  underestimated  in  sea  states  larger  than  that  used  for 
calibration and overestimated in sea states smaller than that 
used for calibration.



Fig.  4  Pressure time series measured (-) and predicted (--) with the DD 
method for the three sensors close to the centre of the flap. Flap damped, 
polychromatic sea state with Tm=1.7 s and Hm=0.17 m.

The method results in fact in matrix coefficients adjusted for 
the average wave of the set used for calibration. The fit was 
performed using all  available experimental  data recorded in 
polychromatic sea states, put together as one set  of data, in 
order  to  calibrate  the  method on an  average  sea  state.  The 
matrix derived from this large data set could then be used to 
predict pressure time series for only one of the experimental 
tests carried out. As all  available data were included in the 
large data set used for calibration, any individual data set was 
part of the fit performed and results were expected to be in 
better  agreement.  The  method  still  overestimated  loads 
induced by waves smaller than the mean of the set used for 
calibration and underestimated loads induced by larger waves.

Accuracy  of  the  results  obtained  with  this  method  was 
heavily dependent on the data set used to calibrate the method. 
Uncertainty of results obtained for a different flap, in different 
sea conditions would then be very difficult to estimate without 
experimental  pressure  measurements.  Estimated  pressures 
were thought inaccurate partly because the wetted area was 
considered constant.

V. METHOD OF LOCAL SURFACE ELEVATION

When, due to the presence of the body in the water wave 
field, pressure increases over one of the wide faces of the flap, 
the near-body free-surface  in  front  of  it  rises.  With normal 
incident waves, the pressure increase is larger in the centre of 
the flap due to its finite dimensions, and the near body free-
surface often takes a sort of bell shape as that shown in Fig. 1. 
At the same time, wave pressure loads on the opposite face are 

often  smaller  and  the  the  free-surface  elevation  is  lower. 
Shape  and  position  of  the  near-body  free-surface  is  then 
related to the pressure field around the body, and to the loads 
resulting from it .

Based  on  these  considerations,  a  simplistic  method  was 
developed that  predicts distributions of wave pressure loads 
over a variable instantaneous wetted area.

During  the  experimental  testing  of  the  hydrodynamic 
loading on an OWSC presented in more details in [15], wave 
probes were placed attached to the flap on its front and back 
faces as shown in Fig. 5. 

Fig.  5   Wave probes attached to  the  faces of  a model  otherwise  also 
equipped with pressure sensors.

On  both  faces,  three  resistance-based,  twin  wire  wave 
probes measured the free-surface elevation at 3mm in front of 
it.  They  were  placed  only  on  one  half  of  the  face,  their 
positions reflecting those of the first, third and fifth columns 
of pressure sensors, due to the symmetry of the tests carried 
out.

The six point-measurements of the near-body free-surface 
obtained  for  each  face  by  symmetry  were  here  first 
extrapolated into a polynomial function of the flap's width up 
to the cubic term using a least-square interpolation.  Pressure 
distributions over the flap faces  were  estimated by a rough 
static  pressure  term calculated  using the reconstructed  free-
surface curves and accounting for the flap's rotation.

Pressures  calculated  on  a  face  strictly  correspond  to  the 
static pressure a body of water, shown in Fig. 6, expanding in 
front  of  it  and  having  a  two-dimensional  interface  with  a 
projected profile on the flap similar as that measured on the 
face at that time would apply.



Fig.  6   Body of  still  water  used for  pressure  calculations  in  the  LSE 
method.

The  results  obtained  in  the  case  of  the  box-shaped  flap 
damped  in  a  polychromatic  sea  state  with  Tm=1.7  s  and 
Hm=0.17  m,  presented  in  Fig.  7,  show  that  the  pressure 
estimates did match their experimental counterparts relatively 
well considering the simplicity of the method.

Fig. 7   Pressure time series measured (-) and predicted (--) with the LSE 
method for the three sensors close to the centre of the flap. Flap damped, 
polychromatic sea state with Tm=1.7 s and Hm=0.17 m.

The peak pressures, in good agreement with experimental 
data for small waves,  of wave height of about 1-2 m, were 
however overestimated for larger waves, and that particularly 
on the front face. The entire pressure fields predicted on both 
faces were affected by these effects. As illustrated by Fig. 8, 
the force resultant of predicted fluid pressure loads acting on 
both  faces,  named  FS1S2,  oscillated  around  its  experimental 
value. Overestimated peak pressures on both front and back 

faces  induced  overestimated  peak  fluid forces.  In  the  same 
way,  the  moment  induced  by  fluid  forces  on  both  faces, 
named MoP, presented higher peak values. The moment MoP 
is of most importance in the study of this body as only on 
these  faces,  and  on  the  top  face,  can  wave  pressure  loads 
induce a moment on the flap contributing to its dynamics. As 
the top face is in air most of the time, MoP is close to the total 
moment induced by fluid forces on the flap contributing to its 
dynamics.

Fig. 8   Resultant force FS1S2 and moment MoP induced by fluid forces on 
front  and  back  faces.  (-)  experimental  data,  (-  -)  predicted  with  the  LSE 
method.  Flap damped, polychromatic sea state with Tm=1.7 s and Hm=0.17 
m.

The discrepancies observed occurred during phases where 
the water  surface deformed quickly and were thought to be 
induced by second order wave dynamics like run-up on the 
flat  faces.  It  would  have  been  very  challenging  to  try 
modifying the estimated pressure  distributions to match the 
measured loads.

In order to smooth fast-occurring events, a simple moving 
window  averaging  was  performed  on  the  wave  probe 
measurements,  before extrapolating them into a free-surface 
function  to  estimate  the  pressure  fields  on  both  faces.  The 
window  width  was  here  set  at  0.25s,  which  seemed  to 
effectively  smooth  free-surface  motions  occurring  quickly 
without  affecting  slower  motions.  Removing  these  fast-
occurring  motions  of  the  free-surface  did  lead  to  better 
estimates of the pressure fields on both faces.

As shown by Fig. 9, the fluid force FS1S2 and the moment 
MoP  were  in  better  agreement  with  experimental  values, 
revealing that the estimated pressure fields were also, and that 
for nearly all experimental cases investigated.



Fig. 9    Resultant force FS1S2 and moment MoP induced by fluid forces on 
front  and back faces.  (-)  experimental data,  (-  -)  predicted with the  SLSE 
method. Flap damped, polychromatic sea state with Tm=1.7 s and Hm=0.17 
m. 

More work needs to be carried out to quantify the accuracy 
of this method, but it seems that predicted wave pressure loads 
are quite accurate for small to average sea states, with wave 
heights  smaller  than  about  4  m.  High  wave  pressure  loads 
measured during larger waves, of 6 m wave height or more, 
were slightly overestimated.  Predicted pressures  are in very 
good agreement with experimental data for normal production 
seas, and could be used to estimate fatigue loads during first 
stages of prototype development. 

The method still could be developed and tested for different 
cases,  for  example  with  angled  incoming  waves.  Here  the 
free-surface  fitting  function  was  chosen  symmetrical  with 
respect to the centre plane of the flap due to the condition of 
symmetry. In the case of angled waves, the free-surface fitting 
function could be changed to account for asymmetry of the 
wave loading. The method could be valid for different  flap 
geometries  but  results  would  however  certainly  not  be 
representative of local pressure effects due to more complex 
geometry than the box-shaped flap studied here. However, the 
results presented can still be of use to the industry as the flap 
of the third generation of flap-type WEC, the Oyster 801, is of 
similar geometry as that studied here.

VI. COMPARISONS OF METHODS

All three methods presented above, the AUD method, the 
DD  method  and  the  SLSE  method,  were  used  to  estimate 

pressure time series at the sensor positions using data from the 
tests carried out with the model of a box-shaped OWSC.

For  all  methods,  predictions  obtained  were  assessed  by 
their  coefficient  of  determination  Cd.  This  coefficient  is 
defined as [18]:

Cd=
∑ ( y i− ȳ )

2
−∑ ( yi− x i )

2

∑ ( y i− ȳ )
2

,where y is the measured data, y its mean value and x is the 
predicted  data.  This  coefficient  quantifies  how  well  the 
estimated values fit their experimental counterpart; the closer 
Cd is to one, the better the estimate is.

Coefficients of determination were calculated for all sensor 
positions with all methods for a number of different sea states. 
Results such as those obtained for the case of a polychromatic 
sea  with  Tm=1.7  s  and  Hm=0.17  m  presented  in  Fig.  10 
confirmed that the AUD method does not perform as well as 
the two other ones.

Fig. 10    Coefficients of determination Cd of the predicted pressure time 
series at each sensor position, for the AUD method (+), for the DD method 
(□),  and for the  SLSE method (*).  Polychromatic sea  with Tm=1.7 s  and 
Hm=0.17 m. 

No values were calculated at sensor positions 3, 8 and 11 
with the AUD method and the DD method, due to the fact that 
these sensors were above MWL, where fluid pressure loads 
were not estimated with these methods. The DD method can 
lead to good estimates of the pressure  field on the flap for 
average sea states as in the case presented in Fig. 10. Large 
pressure  values measured in more energetic  sea states were 
however  underestimated.  Coefficients  of  determination 
obtained for more energetic sea states, as those presented in 
Fig. 11, are much lower than those presented in Fig. 10.



Fig. 11    Coefficients of determination Cd presented as in Fig. 7. The sea 
state here is a more energetic polychromatic sea with Tm=2.3 s and Hm=0.17 
m. 

The  accuracy  of  the  SLSE  method  seems  to  be  about 
constant for normal operating sea states. It does give overall 
better estimates than the two other methods, and that for all 
cases investigated. Variation of the wetted surface area of the 
flap  provides  a  great  advantage  for  the  prediction  of  wave 
pressure loads.

VII. CONCLUSIONS

New  experimental  data  of  wave  loading  on  an  OWSC 
provided  the  opportunity  of  assessing  the  existing  AUD 
method used  to  derive  wave loads from experimental  data. 
Predictions made by the method revealed to be in relatively 
poor agreement with the experimental data obtained with the 
box-shaped flap.

The  DD  method  based  on  a  least-square  fitting  of 
experimental wave loading data did provide better estimates 
of  wave  pressure  loads  than  the  AUD  method.  The 
experimental values used for its calibration greatly influenced 
its predictions, and reduced it to only be relatively accurate for 
a small range of wave heights.

The measured variation of the wetted surface area of the 
flap  over  which  wave  pressure  loads  act,  as  used  with  the 
LSE, provides a great  advantage for the prediction of wave 
pressure loads which led to better estimated pressure fields. 
Peak pressures  were  however  overestimated,  as  affected  by 
second-order  effects.  The  smoothing  of  fast  free-surface 
motions,  as  those  due  to  run-up  and  run-down on  the  flap 
faces, adjusted for the overestimated peak pressures.

Pressure distributions obtained with the SLSE method are 
more accurate,  leading to more  accurate  estimated resultant 
fluid loads. The method still needs to be developed and tested 
for other cases, but it seems that the estimated wave pressure 
loads it predicts could already be extrapolated to be used for 
first-stage analysis of fatigue loads on a full-scale OWSC.

This work, motivated by new experimental data, underlines 
the importance, in this optimisation phase of flap-type WECs, 

of continuously assessing, reviewing and improving existing 
engineering  methods  so  as  to  provide  more  accurate  load 
estimates.  The  method  developed can  help  reducing 
uncertainties when defining load cases (especially fatigue) for 
design. Therefore, its impact will be in assisting the reduction 
of  cost  of  power  for  the WEC and the reduction of  failure 
through a robust definition of the fatigue load cases.
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