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Abstract— Results of performance and loading from numerical
simulations performed with GL Garrad Hassan’s tidal turbine

modelling tool, Tidal Bladed, are compared to meased data
from Tidal Generation Limited’s 500kW tidal turbine. The
mean simulated values of key parameters such as eiecal

power, rotor speed, pitch angle and blade near-rooflapwise
bending moment agree well with the measured data. The

minimum and maximum values of these indicators aréound to

be more extreme for simulations than for measured ata. This
difference is largely attributed to the uncertaintyin the definition

of the turbulent flow field. Blade root fatigue load predictions by
Tidal Bladed are found to be conservative comparedot the
measured data. The major contributor to measured fague load
is flow turbulence. Extreme loading under normal pover

production is also found to be conservative.

Keywords— tidal turbine model, model validation study, Tidal
Bladed, ReDAPT, time domain simulation

I. INTRODUCTION

system at the European Marine Energy Centre (EMEC),
Orkney [1].

As part of the ReDAPT project, GL Garrad Hassan \GH
has conducted a comparison between simulationsriake®a
using Tidal Bladed and performance and loading data
collected from Tidal Generation Limited’'s (TGL) 304
DEEPGen lll tidal turbine installed at EMEC. Tissthe first
public domain reported study to compare Tidal Bthdéth a
large scale tidal turbine.

Il. PRE-PROCESSING O ACHINE AND ENVIRONMENTAL
DATA

The comparison between simulation and measuredndeta
conducted using concurrent environmental and mactata
collected over a 3 month period in 2011. Environtakdata
were collected using an Acoustic Doppler Currentfifar
(ADCP) sampling at 0.5Hz, placed approximately 50m
upstream of the turbine on an ebb tide. The AD&tdmded
flow velocity data throughout the water column whiwas

The tidal stream industry is continuing to grow andsed to infer the inflow conditions on the turbin®rior to

develop. Full-scale prototypes are demonstratheg tidal
turbine technology can survive in the marine enwvinent
whilst producing useful amounts of power. In order
develop the technology further an increasing amo@i@ffort
is focused upon improving the structural and hyginashic
efficiency in order to reduce the cost of enerdhis design
refinement process requires sophisticated desigs that can
be trusted to predict the turbine loading and perénce.

Tidal Bladed is a commercial software package witiah
be used to model the performance of, and loadingtidal
stream energy converters in the tidal stream enmient.
Building on the industry-standard wind turbine desitool
Bladed, Tidal Bladed has been developed over thefize
years in collaboration with the tidal stream sector

analysis the flow data was filtered based on thererelocity
and signal correlation calculated internally by Ai2CP.

The ADCP data were gathered into 10 minute sangolés
were analysed to calculate: mean hub height flosedpmean
flow direction, flow shear profile and acceleratiof flow
over each sample. The data were also analysedj usin
Teledyne RD Instruments’ WAVESMON software to esttm
the wave conditions of significant wave height, lpgeriod
and wave direction for each sample.

In addition to the ADCP a Single Beam Doppler Reofi
(SBD) was mounted on the back of the turbine. ihbine
was able to yaw so that the SBD could face the g
flow and measure the longitudinal flow velocity kvia higher
accuracy than the ADCP. The results from the SB&ew

The Energy Technologies Institute commissioned amnded to calculate the turbulence intensity.

funded the Reliable Data Acquisition Project forddii
(ReDAPT) project with the primary objective of ialing a
1MW tidal generator with a comprehensive data ctilba

Both ADCPs and SBDs are known to over-estimate the
turbulence intensity due to the presence of Dopptase in
the velocity measurement as described in [2]. @&tffiect of
this noise is to increase the amount of fluctuatean in the



velocity value recorded, thus increasing the appareharacterised and then reproduced in Tidal Bladedlations.
turbulence intensity. If the particular set up @haracteristics The results of the simulations were then comparét the
of the measuring device are known then it is pdsgibapply relevant 10 minutes of data. This allowed for aech
a theoretical correction for the Doppler noise. tAs SBDs comparison of the environmental forcing measuretherreal
are at a very early stage of development a theatetiturbine to that calculated from the simulations.
correction was not available.
Additionally, it was not possible to calculate thebulent IV. MEAN, MINIMUM AND MAXIMUM LOAD AND
length scales from either the ADCP or SBD. A sét o PERFORMANCEPARAMETERS
turbulence length scales were assumed for the stndywere
used to calculate the turbulent flow field usinge thron The mean, minimum and maximum of various turbine
Karman turbulence model. parameters for both the measured and simulated ihQten
The machine data collected consisted of loads katmli data sets were compared. The variables investigatee
from strain gauges on the turbine and informatioflected electrical power, blade pitch angle, rotor speed atade
from the control system, including electrical powgitch near-root flapwise bending moment. As is typithe data
angle, turbine direction and machine state at feqies up to have been normalised due to confidentiality restms. In
5Hz. the following text wherever normalised results presented
Fibre optic strain gauges were mounted at the imboahe parameter used for normalisation is described.
section on the blades allowing the instantaneoapwise Although 57 ten minute periods were identified the
bending moment to be measured. The most inboatdesk study and emulated in Tidal Bladed simulations, sarhthe
strain gauges that produced consistent measuremepuged periods did not have useable data for all of thaupaters that
the load at a position equal to 24% of the bladgeytle from were studied. Attempting to find periods wherepaltameters
blade root. The most inboard results were usedhst were useable would have resulted in a far smallenber of
comparison could be made between measured andas@dulviable periods, hence parameter data were only vechadf
results of the integrated load along the blade. unsuitable rather than removing the complete 1Qutriset of
The machine data were also gathered into 10 minuiata. As a result, fewer than 57 measured datdpaie seen
samples to align with the 10 minute samples ofremwental on each plot.
data. The two sets of data were filtered to remssples
inappropriate for comparison; primarily where thB@P was A- Power
downstream of the turbine or where the turbine wwas$ Fig. 2 shows the mean, minimum and maximum eleadtric
operational for the full 10 minutes. power for each 10 minute data (measured and sifon)as a
After filtering there were 57 samples each of 1huté function of mean hub flow speed. Power is norreali®y
duration found suitable for comparison. The disttion of nominal rated power and hub flow speed is normdlisg
flow speeds is shown in Fig. 1. Note that speedilii relates TGL's stated rated flow speed.
to the rated flow speed of the turbine. The mean values generally match well. The scaéten $n
the measured data mean values is distributed faiignly
above and below the values calculated in Tidal &ad
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For each of the 57 samples identified the envirartale Fig. 2 Comparison of electrical power 10 minute memin and max with
conditions of mean hub velocity, flow shear profitdal hub flow speed
height, wave conditions and turbulence intensity reve



The mean power levels-off at a normalised flow spet
about 1.11 in the Tidal Bladed simulations and &aloQ7 in

the measured data.
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Fig. 3 Ratio of Tidal Bladed and Measured Mean &ow

Fig. 3 shows the ratio of Tidal Bladed to measumszhn
power. It can be seen that the data is generadiftesed about
a ratio of 1, which suggests that there is no ctest offset
for the electrical power prediction. Towards and\abrated
flow speed, the ratio can be expected to tend wsvdr as

Many of the simulated results of mean rotor speeadcim
well with the measured data, especially around drate
suggesting that the rotor speed is generally weddigted.
However, there are a number of measured data poimse
the mean rotor speed is 5-10% lower than the stedldata.
In the region above rated flow speed the rotor kEhan
average operate close to rated rotational speed.thas
measured power is at rated for these data poirts, t
measurements are not self-consistent for these.case

It can be seen that the range of rotor speed witlich
sample is generally greater in Tidal Bladed thanthie
measured data. As for the electrical power, thigdd be due
to the increased turbulence intensity calculatethfthe SBD.

C. Pitch

Fig. 5 shows the mean, min and max pitch angle as a
function of mean hub flow speed. Pitch angle isnraised
by peak observed pitch angle and flow speed is alised by
rated hub flow speed.

The mean pitch angle generally matches well betwben

rated power is reached in the simulated and medsiméa. measured data and the Tidal Bladed simulation test@ihe
The average ratio of predicted and measured pogvess all same patterns are seen as with rotor speed andr,paitie
simulations is 1.015 suggesting a relatively sndéfflerence more scatter in the means for the measured datagrbater
between measured and predicted mean power. The mingvariation within each 10 minute sample for the TiBéaded
electrical power within each 10 minute sample imegelly data.

greater in Tidal Bladed than in the measured datas could

be du

e to the increased turbulence intensity catledl from

SBD sample data causing greater fluctuations ww #peed in
the simulations than in reality.

B. Ro

tor Speed

Fig. 4 shows the mean, minimum and maximum rotor

speed

as a function of mean hub flow speed. Rpeed is

normalised by rated rotor speed and flow speeaimalised
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Fig. 5 Mean, Min and Max Pitch Angle vs. Mean FiSpeed

A particular area of interest in Fig. 5 is the megbetween
normalised hub flow speeds of 0.925 and 1.0, ust pelow
rated flow speed. In this region, Tidal Bladed jceda mean
pitch angle greater than zero whereas the measdatal
suggests that the mean value is zero or very ttozero.

This difference in mean could be caused by largeiation
in input flow velocity in the Tidal Bladed simulatis than in
the measured data. An increase in flow speed abatesl
causes the pitch angle to rise above zero, butceedse in
flow speed can’t cause a pitch angle reduction eetero.



The effect of increased flow speed variation isreéf@e to 14

increase the mean pitch angle. This effect disapence the
mean pitch angle is consistently above zero, apitbh angle S L3 .
can respond to increases or decreases in flow speezl ‘a;» 12 .
measured and simulated mean pitch angles thergéorerally & A .
match well above a normalised hub flow speed of 1.0 z AR N .
m 09
D. Blade Near-root Flapwise Bending Moment =
0.8 T T T
Fig. 6 shows the mean blade flapwise bending Idad a 0.6 08 o 12 14
radial location of 24% of the blade length fromdgiaoot as a Normalised Hub flow speed
function of mean hub flow speed. The load is ndised Fig. 7 Ratio of Tidal Bladed and Measured Mean BI&thpwise Load
against measured peak mean bending moment.
E. Summary
= TB simulation (mean) & Measured Data (mean) Generally, a good agreement is seen in the mearevalf
- TB simulation (min) - Measured data (min) electrical power, rotor speed, pitch angle and éladar-root
+TBsimulafion (max)  + Measured data (maX) flapwise bending load. No significant offset in tmeean
1.6 —— values between measured and simulated data was/etder
. gt S d these variables. The similarity in operation pagtars
1.4 4 n ] +H . .
~ ++&i+i+ o et T . (power, pitch qnd rotor speed) shqw that Tidal B@ds
g 12 A AT capturing the time-averaged behaviour of the twbirry
gt B +¢ +y well. The good match in blade loading suggeststtimmean
§ g A R PSP *':' ¢ !E e interaction of the flow with the turbine is well gtared in
ZEosy~ ; w;!"‘ ; T Tidal Bladed.
B %06, N _a.r: Some scatter is seen in the 10 minute means of the
22047 . s I measured data. This might be explained by poor majcof
S B b B the mean hub flow speed. However, the correldbietveen
024 * |- | - oS the measured and simulated mean flow speed generall
ol " | | appears good as the peak mean blade bending loads\(red
0.6 0.7 0.8 0.9 1 11 1.2 and modelled) occur at the same mean hub flow speed
Normalised Hub Flow Speed In most cases, the difference between the maximodh a

minimum values of each parameter within each 10utein
Fig. 6 Mean, Min and Max Blade Flapwise BendingMsan Flow Speed  sample is larger in Tidal Bladed than in the meeduwlata.
redicted extreme values of operational parametedsblade

Generally, a very good match is seen between thenm : X _ - . ; _
y Y g oading are higher in the Tidal Bladed simulatidingn in the

values for each 10 minute sample. The mean valtibtade
bending moment have less scatter than any of theiqus Measured data. _ .
parameters. The normalised peak mean load agreéis eThe most significant contributions to the differenc
between Tidal Bladed (0.976) and the measured(@jtalso Petween minimum and maximum results are thoughibelo
of note is that the peak load occurs at the sammalsed hub higher turbqlenqe intensity in the simulations tharreality
flow speed of about 1 in the measured and simuldd. 2nd uncertainty in the turbulent length scales.

This improves confidence that the mean flow spesd j Previous sensitivity studies [3] and [4] have irtigated

matched well between the simulations and measa®dts. the effect of a r_lumt?er of envirc_)nmer)tal conditioos
There is a limited amount of good quality bladediatata UnStéady loading in Tidal Bladed including the tlemce
available above rated flow speed, so it is difficol comment M0del, turbulent length scale, turbulence intensépd
on the accuracy of load prediction in this region. significant wave height. .
As with the other variables, there is greater wammof _ AS noted in [3], the maximum blade-root bendingd®a

blade bending moment within each 10 minute samplgng NCrease most  significantly ~with increasing - turinde

Tidal Bladed simulations than in the measured data. intensity. This is due to greater variation in mid. A larger
Fig. 7 shows the ratio of mean blade bending loadidal @nge in blade liit would cause a larger rangehe totor

Bladed and in the measured data for each 10 msarele. torque, Ieadlng_ to increased varlatlon_of rot_orwpand pl_tch

The average ratio across all samples is 1.03. Tdta & a.ngle. .Reducmg the turbulence intensity used i th

distributed fairly evenly above and below this atThis Simulations would therefore be expected to redube t

suggests that the agreement between mean measnded MRgnitude of load fluctuation around the mean.

simulated load is very good, but Tidal Bladed igdicting

slightly higher mean blade bending loads than énrtfeasured

data.



V. FATIGUE LOADING COMPARISON
¢ Measured data = Tidal Bladed

A current design driver in tidal turbines is thead#-root
bending fatigue load. A simple measure of fatiguading is

(%]
the damage equivalent load. The damage equivatet is = 187 : " .
derived by decomposing the load time history inte i < 16 . : .
constituent loading cycles, and using a linear dmma 8 g ig | ® ales '_:" .
hypothesis to derive an equivalent load cycle tatld cause gz ™| | . " '_ ST e
the same damage when applied a reference numkeres. o % 08 . Lo '..:“'
The method is based on the Miner’s rule [5]. Theage 3 £ o¢ . ‘”*’.'
equivalent load is given by the formula: Tgﬂ sl . "
S 021
2. 0 ‘ ‘ ‘
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Tf Normalised Hub Speed

Wh . Fig. 8 Blade Near-root Flapwise Damage Equivalergd vs Mean Hub Flow
ere: Speed (Inv. SN Slope = 10)

Ly is the equivalent stress for Tf cycles
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L; isthe load range bin i. m
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T is the length of the simulation in seconds 5 2 .
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f is the reference cycle frequency ¢ R Yo e e
. ) o 315 s s,
n; is the number of rain flow cycles at stress raligd. o .., S
o
Q
m is the negative inverse of the slope on the nalteri % 1 .
Wohler curve (m is also referred to as the inv&8se 3
2
N curve slope). 05 ‘ ‘ ‘
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Calculations of damage equivalent load were peréarm
using an inverse S-N curve slope of 10, which igrapriate
for composite materials. It was found in a studyart of this  Fig. 9 Ratio of Tidal Bladed to Measured Data DaenBiguivalent Load
work that inverse S-N slopes of 6-14 gave very lsimi
damage equivalent loads across all simulationsefarence
frequency (f) of 0.015844 Hz was chosen. This &amdard
assumption that corresponds to 10 million cyclea 20 year
turbine lifetime.
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A. Blade Near-root Flapwise Bending Moment

The load time histories for both the measured andlated
data were post-processed to produce damage equiivadels
(DEL). Fig. 8 shows the comparison of DEL betweée t
measured data and the simulated results, both tisedaby
the measured DEL at rated flow speed. Fig. 9 shbegatio
of Tidal Bladed DELSs to the measured data DELSs. E;:

The Tidal Bladed predictions of damage equivaleatilare ' , ,
consistently higher than the measured data resulfe ! " 1o 200
average ratio between the results is 1.58. Cumnulative cycles [.]

This difference in damage equivalent load can lptagxed
by comparing the size and number of loading cyptesent in
the simulated and measured load signals. B. Azimuth Dependant Loading and Stochastic Loading

Fig. 10 shows the rainflow cycle exceedance plot for the
blade near-root flapwise load for a typical singl@ minute The difference in blade flapwise bending damage
sample, with the cycle normalised by mean measbtade equivalent load was investigated further by decosimpthe
flapwise bending moment at rated flow speed. ftlea seen signal into load that was dependent on the azinhytbsition
that the Tidal Bladed simulation contains largeadimg of the rotor and that which was not.
cycles, leading directly to the higher damage egjeint loads  |n this paper the term “periodic” refers to loadhtrébutions
calculated for Tidal Bladed than for the measuraihd that depend on rotor azimuth and occur (on averagt)

Mormalised Cycle Range

Fig. 10 Typical Rainflow Cycle Exceedance for Bladapwise Bending load



every complete rotor revolution. For example, edtade
travels through the average flow shear profile ompes
revolution, leading to a fixed change in the loaderg
revolution.

“Stochastic” loads come from flow turbulence or wav
Turbulence and waves do cause loading at harmafitise
rotor frequency due to rotational sampling, so tésulting
loading is not only stochastic. However, as thes@wf this
loading is stochastic, the load contributions dedivfrom
waves and turbulence are referred to as the sticthasds.

To identify the periodic loading, all of the loadtd from a
10 minute simulation is binned by azimuth angle.average
of all of the loads at each azimuth angle is taRéris average
is different for each azimuth angle, giving risea@eriodic
load that depends on rotor azimuth. This meanicyohd is
then subtracted from the original time historyyieg only the
stochastic component of loading.

/ Criginal
Signal

£ Stochastic
Signal

1.480 —

fwvf‘\r"m\mw\/\f“

MNormalised blade flapwise bending load

Time [s]

Fig. 11 Total, Stochastic and Periodic Load Comptses. Time

r
Fig. 11 shows an example of this decomposition dor

sample of measured data. It can be seen that thedjzeload
is the same with every rotor rotation. The differefetween
the original and the periodic load is the stoclwadtiad.

Decomposing the signal in this way allows the logdi

contributions to be analysed separately.

C. Comparison of Periodic Loading

Fig. 12 shows the ratio of the periodic cycle dizéTidal
Bladed to that in the measured data. The Tidal &lacycle
size is on average 2.25 times larger than the medslata.

To investigate the reason for this difference inleyange,
the measured and simulated periodic cycles for mcay
sample are shown in Fig. 13. The load data prederst
normalised by the mean flapwise bending momentatdr

The solid lines show the total measured and siredlathe rotor location.

periodic cycle ranges, while the dashed lines stth@avarious
contributions to periodic load in Tidal Bladed. tims case,
the measured data cycle range is 1 and the cyigeria Tidal
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Fig. 13 Periodic Cycle Range in Simulated and MessData

In the simulated data, the most significant coutitns are
(cycle range in brackets, normalised against medsaycle
ange)

e Flow shear (1.33)

e Tower shadow (0.7)

Blade buoyancy (0.1)

The shear profile gives the largest contributiorpésiodic
load. The shear profiles used in the Tidal Bladetuktions
are based on ADCP data collected by TGL (as stated
Section 2). Although there is confidence in the G¥
measurements to produce representative mean stede)
it is possible for the mean shear profiles to cleang
significantly over relatively short distances. Téteear profile
can change in both cross-stream and streamwisetidine
due to the local bathymetry as discussed in [6hddethere is
some uncertainty around whether the shear prafileasured
50m from the turbine are actually representativahofe at
During the study it was fourtldat
removing flow shear lead to a reduction of betw&B+85% in
DEL. Given the significant impact that shearedvflcan have
on the loading it is important that the subsequeeDAPT

Bladed is 2.13, when both are normalised againgt tMeasurements address this uncertainty.

measured cycle range.

The next greatest contribution arises from the towe
shadow model. The tower shadow flow deficit is dedi from



potential flow methods so should be a good estinwite
reduced velocity for an upstream device. However,dtrong
tower shadow effect over a narrow range of azimarbples
seen in the simulated data is not seen in the medgslata. It
is possible that tuning of the potential flow défimodel in
Tidal Bladed could improve this matching betweanusated
and measured data.

The contribution of buoyancy force was relativetyadl so
this was not investigated further.

A further possible cause of mismatch between medsur

and simulated data could be inaccuracy in mean #peed
measurement. However, the close match of flow spbatl
gives the peak blade load (as seen in Fig. 6) sigdagh
confidence in the measured mean flow speed.

D. Comparison of Stochastic Loading

Fig. 14 shows the damage equivalent loads calcultme
the stochastic part of the load signals from TE&ded and
the measured data. The stochastic DEL is seen to
consistently higher in Tidal Bladed than in the mead data.
On average, the Tidal Bladed stochastic signal DRats
higher than those measured by 35%.

The higher stochastic loading seen in Tidal Blaceadd be
due to the definition of the turbulent flow for teemulations.
It is likely that the simulation turbulence intetysis higher
than in reality (as mentioned in Section Il) andréis also
uncertainty over the choice of turbulent lengthlesaBoth of
these parameters affect the DEL [3].
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E. Damage Contribution of Stochastic Loads

Fig. 15 shows the stochastic contribution of DEIld ahe
total DEL for Tidal Bladed, while Fig. 16 shows tlsame
results for the measured data.

The Tidal Bladed stochastic DEL is on average Qimeés
the total simulated DEL, whereas the measuredstathastic
DEL is on average 0.93 of the total measured DEL.

= Totaldamage X Stochastic component only
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Fig. 16 Measured Data: Total and stochastic BlatEpviise Damage
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This suggests that the relative contribution ofdtechastic
loads (compared to periodic load) is greater inrtfeasured
data than in the simulated data. In the measured, dae
stochastic loading is the dominant source of logdin

In the simulated data, the periodic loading makdarger
contribution to the overall damage than in the raess data.
This is due to the observed larger periodic cyalgge as seen
in Section C.

To achieve good agreement of overall DEL between th
simulated and measured data it is therefore negedsa
accurately match both the stochastic and peri@gidihg.

F.

The Tidal Bladed predictions of damage equivaleatllare
consistently higher than the measured data resilte
average ratio between the results is 1.58.

The average ratio of simulated to measured peritodid
cycle size was found to be 2.25. In the simulatath,dthe
shear profile makes the largest contribution andrehis
uncertainty over whether the measured shear prigfile fact
seen by the rotor. The strong simulated effecthef tower

Summary of Fatigue Loading Comparison



shadow model is not observed in the measured datadic
load.

The average ratio of simulated to measured stachagterformance and loading are captured well.

component DEL was found to be 1.35. This is thoughbe
caused largely by uncertainty in specification diet
turbulence intensity and turbulent length scales.

In the measured data, stochastic loading has hmerdfto
contribute 93% of the DEL, compared to 77% in timeutated
results. Clearly, accurate characterisation ofttineulent flow
is required to accurately predict the stochastadiog. It is
also important to refine the periodic
modelling as these make a significant contributionthe
simulated DEL.

VI. FUTURE WORK

Accurate characterisation of the marine environnhast
been identified as a main priority to improve bladet DEL
prediction in Tidal Bladed. The planned furtheri@ts are
summarised in Table 1.

TABLE |
PRINCIPAL UNCERTAINTIES IN TIDAL BLADED MODELLING AND PLANNED
INVESTIGATIONS

Area Comment and Plan of Action

Shear The form of the shear profile can have a strong

profile influence on turbine blade loading. Although some
measurements have been made in the vicinity of the
turbine, further measurement campaigns planned
under ReDAPT are required to better characterise tl'rs]
flow incident upon the rotor in both ebb and flood
tides.

Turbulent Turbulent length scales and turbulence intensitieha

length a strong influence on turbine blade dynamic loading

scales and  Under the ReDAPT project more suitable flow data [3]

turbulence  will be obtained and analysed to provide a better

intensity estimate of turbulent length scales and turbulence
intensity.

Tower The contribution of the tower shadow model to the 4

Shadow periodic blade load was much greater in Tidal Bladeh

Model than in the measured data. Investigation of the
validity of this model could involve tank tests or
CFD modelling.

Effect of Time samples where large waves were recorded we[rﬁ

waves excluded from this study. The effect of large waves

on turbine fatigue loading has not yet been evatliat
The ReDAPT project is aiming to validate the wave
kinematics models used within Tidal Bladed.

VII. SUMMARY

Tidal Bladed has shown good prediction of the mesdnes
of blade near-root flapwise bending loads, rotoreesh

electrical power and pitch angle. This suggests tte mean
environmental characteristics and the resultingbiher
Theeme

values of each of these parameters are generafjgriavithin

each 10 minute sample in the Tidal Bladed simutatithan in
the measured data.

Tidal Bladed prediction of damage equivalent logaanore
conservative than the measured results and prediots
average a damage equivalent load 1.58 times thahef
measured data. In the measured data, stochastindpavas

load compdneshown to dominate the fatigue loading. Periodicleysize

was on average 2.25 times greater in the simulddéga. This
led to stochastic loading being less dominant endimulated
data.

The method of environmental data analysis and the

environmental models used within Tidal Bladed awebe
reviewed in depth as part of future work under ReDAPT
project. Areas arising particularly from this waatke the flow
shear profiles, the significance of turbulence nstty
measurement and characterisation of the turbuléo f
structure through the definition of turbulent lemgicales, as
well as other models such as the tower shadow.
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