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II.A Tank Testing

A Tank testings performed to obtain high quality data for a
proposed device under @ntrolled environment Estimates
of final performance may also be obtained against a selection
of iIdealised sea conditionsTank Testing includes small scale
through larger scale model testing including preliminary
analysis of power takeoff.
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(A Stage 1: Proof of Concept
wh= Lab testing small models at 1:50

Target Variables

Calibration Proof of Concept




e;?i Stage 2: Design and Feasibility Study

wh= Lab testing models from 1:50 to 1:10
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Stage 1 & 2

Protocols Provide Guidance On

i Parameter - -
Mathe_maﬂcal Study A Computational/experimental
Experimental (& Optimisation) verification and calibration

A Scaling issues
Reporting A Experimental Setup A Specification and measurement

A Input Conditions

A Power Performance
Emphasis on repeatability, result uncertainty and A
scaling.

of key performance metrics
Uncertainty analysis

A Reporting requirements for

NN A Data reduction
Hydro A Consistent Presentation
Focused Trials PTO
Control

Reaction




= Consistent Approach to
wio Limitations

Tidal Wave

A Inflow conditionsc profiles etccnot A Reflections and wall interference

representative A Nonscaled physical properties (esp.
A Technical constraints on quality wake viscosity, friction)

measurements A Strength of materials and component
A Array layout restrictions due to longevity can not be tested

working section size/carriage A Some device components can not be

dimensions manufactured at small sizes (i.e.
A Turbulence: flumes have too much, operational PTO)

tow tanks have not enough

Obvious technical commonalities (issues with manufacture, scaling, PTO, DAQ
and instrumentation) plus non-technical barriers (management structure, health
and safety etc.) are exploited to minimise duplication between wave and tide
and within tank testing and sea trial protocols.
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Contents of the Protocol

The Tank Testing protocol contains clauses outlining procedures for:
A Experimental Design

I choice of scaling law and analysis of scaling effects

I determining an appropriate test matrix for assessing performance
A Instrumentation, Measurements and Data Processing

I assessing number, type and disposition of sensors, especially for PTG
measurement

I uncertainty analysis, data quality control, archival and storage
I data reduction and production of summary statistics
A Power Performance
I normalisation and displaying the performance of the device
A Model Verification
I verification and calibration of mathematical models



11.B Sea Trials

A Sea trialsare conducted in anncontrolled ocean
environmentthat build confidencein the functionality,
maintenance, operation angerformanceof the device and
its ability to surviveextreme conditions.
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«n, Data Analysis & Presentation
258 to Quantify Uncertainty

Objectives:

A Anestimation of the uncertaintyof the performance figures
device characteristics involved.

A Overall devicgpower conversion performancépossibly at
different power conversion stages) at the site of the
performed sea trials, with the local sea conditions.

A Power production estimates based on the sea trials,dut
other sitesand possibhat other scalesf the device. This will
In some cases only be possible through use of numerical or
analytical models of the device, typically developed through
laboratory testing of the device. These models will initially
have to be verified / calibrated against the sea trial data.
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Challenges

A Theenvironmentis by natureuncontrollable

A Sometest datawill be from conditions under which
the control settings, or configuration, of the device
havenot beenoptimal.

A Should be #&lack box' approaclt it should be as
generically applicable as possible.

A Shouldencourage and rewardhcreasing amounts of
relevant data

A The level ofincertainty in the measured
performance data should bguantifiable.
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Definition of the

=

wh Environmental Matrix

Pobability of occurence [%]

Examples
Tidal n=1 Waves n=2 gcatterdiagram)

2 3 a 5 s | 7 | s 5 10 1 12
14 Tozfs)| - 5 - 2 . i | e
HmO [m) 3 4 5 6 7 | 8 | o 10 1 12 13
12 - 00 - 05| 4603 | 4152 669 | 194 | 46 06 0,1
05 - 10| 519 | 15202 5424 | 1363 | 463 | 138 38 | 09 | 19
10 - L0 - 15 2397 13493 | 13856 | 325 | 133 6,7 24 23 o1
(15 - 20 | 06 6#93 | 4485 | 115 | 37 | 21 | o7 | os o8 |
8 - 20 - 25 ' 203 | 708 | 205 | 1 | 64 | 01 | 01 | 04 | 03
25 - 30 [ 0¢ | 3382 | 242 | 03 | 01 |
30 - 35 A | 17 [ 3725 | 12
6 - 35 - 40 a3 | 2309 | 345 |
40 - 45 | ' |"237 | 1544 | a1
4 7 -‘,s | S,o | | 12 1304 a3
50 - 55 | | | 58 23,1
2 55 - 60 [ . [ 3,8 67 |
60 - 65 ' , ' | 03 | 267 | _
65 - 70 155 | 1,9
0- w s I
02 06 10 14 18 2,2 26 3,0 34 38 4,2 —:'}%'-ﬂ:'f: ' - < o1 | 5
: 85 - 50 13 01
Velocity [m/s] YRR R

But in principle: n dimensions
basedon long term data from location
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<« Selection of performance data
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Presentation of performance

at test location

IEC

Performance from the sea trials performe@aint 3 in Danish North Sea
Y =™ Environmental parameters Non-dimensional paramete] Performance parameterd
Zone Hno! Te | Pwave| Prob|PyaeProd h S n Cl P S Cl |P.Prok
[m] | [s] | [kW]| [] [kW] [-] [-] 1 | [-] [ kW] | [kW] | [kW] | [kW]
1 1| 56 | 118 /0,468 55 0,195/ 0,041| 80 |0,009 23 48 11| 11
2 2 | 7,0 | 591 |0,226| 133 0,284| 0,062| 67 |0,014 168 | 36,6, 8,9 | 38
3 3 | 8,4 | 1595/0,108 172 0,152| 0,044| 48 0,013 242 | 70,2| 20,4| 26
4 4 | 9,5 |3207/0,051 164 0,098, 0,029| 13 |0,014 314 | 93,0/ 55,7| 16
5 5 | 11,2 | 5907|0,024, 142 0,063| 0,015| 27 |0,004 372 |88,6/ 350 9
6 6 | 13,0 9873/0,012] 118 0,038, 0,017| 5 0,029 375 |167,8193,0 5
Weighted averagy 785 0,133| 0,090 0,09¢ 104 | 71,0| 70,9
Total 0,889 785 104
Yearly Production [MWh/y] 915
Load factor [-] (400kW installed capacity) 0,26

Performance from simulated sea trials of a tidal turbine (based on [ref. Baha

et al 2007] scaled to R = 10m, RH

Environmental parameters

Non-dimensional parameters

Performance parameters

TEC
L\
Zone P.vail Prob |PyxPro h n Cl P S Cl P.Prob
[m/s] | [kwW] | [ [kwW] [-] [-] [ ] kW] | [kW] | [kW] | [kW]
1 1 161 | 0,206 33 0,323 | 0,223 | 21641| 0,003| 52 35,9 0,5 10,7
2 1,5 544 | 0,157 85 0,435| 0,133 | 16465| 0,002| 237 | 72,5 1,1 37,1
3 2 1291 | 0,107 138 0,419 | 0,080 | 11238| 0,001| 541 | 103,5| 1,9 57,8
4 2,5 2521 | 0,068 173 0,365| 0,045| 7204 | 0,001| 919 | 114,6| 2,6 63,0
5 3 4356 | 0,041 177 0,295| 0,022 | 4284 | 0,001| 1286 | 95,0 2,8 52,4
6 3,56 6917 | 0,017 117 0,225| 0,009 | 1776 | 0,000| 1554 | 63,9 3,0 26,2
Weighted Averag| 723 0,342 | 0,106 6 0,106 | 247 | 76,7 | 76,6
Total 0,595 723 247,1
Yearly Production [MWh/y] 2.166
Load factor [-] (2,2MW installed capacity) 0,11

h —_ onne
zone—
(Pavail) zone
hO = Z?one: 1 (Pavail) zone - PT0Obzone - M zone
verall —
zgone: 1(Pavail) zone - Probzone
Poone = (Pavait) zone M Zzone

n

Pyearly average — onne -PrObzone

Zone=1

8766

Yearly converted energy = Pyearly average ‘1000

_P yearly average

Load factor

installed

If sof eachzone of samenagnitude

n 2 2
Zzone: 1 (Pavail) zone’ Probzone - (ﬂzone + Szone) 2
Soverall = n ~ Noverail
Ezone: 1(Pavail) zone PrObzone

Otherwise Monte Carlo simulations
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< Application at other location
~
i (/ /7
A\ \:"p -
and possibly other scale
N
2.0 30 | 40 | 50 | &0 70 | 80 | 30 | wo | 10 | 120 20 | 30 | 40 | 50 | 60 | 70 80 | 50 | w0 | 10 | 120
Tels] . <l I, . . . Tais)
Hmo [m] 30 | 40 | s0 | 60 7,0 80 | 90 | 100 | 130 | 120 | 130 Hmo [m) 30 | a0 | 50 | 60 720 | 80 90 | 100 | 110 | 120 | 130
00 - 05 00 - 05
| os 1,0 "" i 0.5 30
1.0 15 4% - 10 15
LS - | 20 5 i< {390
20 - 25 20 - 25
25 - 30 2.5 3.0
3.0 3.5 3,0 3,5
A5 | 30 35 - 40
40 | - | .45 40 - 45
45 - 50 4.5 5,0
5,0 5.5 30 33
55 60 == 55 - 60
5,0 65 60 - 65
65 - 70 65 - 70
7.0 - 7.5 e 7_‘9 — - I,:’ et
7.5 8,0 7.5 8.0
8.0 85 80 - 85
8,5 - 90 | 8,5 S 5,0
9.0 . 9.5 9.0 55
2,0 30 | 40 | 50 5,0 70 | 80 | 90 | 1200 | 110 | 120 20 | 30 | 40 | 50 | 60 70 | 80 | s0 | w0 | 110 | 120
Telsl| - | - - - - - | - - - - Te [s] |
Hmo [m] 30 | a0 | s0 | &0 70 | 80 | 90 | 100 | 110 | 320 | 130 Wm0 () 30 | a0 | s0 | 60 | 70 | 80 | 90 | 100 | 10| 120 | 130
00 - 05 0,0 0,5
05 10 g 0,5 1,0
10 - 15 A0 | - | A4S
15 20 B ] . 15 2,0
2.0 2.5 20 - 25
25 - 30 H 2, - 30
3,0 35 b 30 35
35 - A0 . l 1 ] 35 - a0
20 4.5 . l 40 a5
a5 - 50 : ] 45 50
S0 - 55 ., 50 - 55
55 - 60 v = 55 6,0
6,0 6.5 60 - 65
5,5 7,0 65 7.0
70 - 15 7.0 75
7.5 8.0 75 - 80
8,0 8.5 80 - 85
85 - 90 85 3,0
30 - 85 90 - 95




UM,

- Complementing the sea trial da

In case the data from the sea trials is not sufficient to cover all

zones of interest of the scatter diagram:
I After a sea trial with missing/naiccurring sea state parameters.
I When changing location and/or scale.
I When passing from lower to higher discretization of the scatter diagram.



