PD IECTS 62600-202:2022

Marine energy — Wave, tidal and
other water current converters

Part 202: Early stage development of tidal energy converters — Best practices

and recommended procedures for the testing of pre-prototype scale devices

bsi.



PD IEC TS 62600-202:2022

PUBLISHED DOCUMENT

National foreword

This Published Document is the UK implementation of
IEC TS 62600-202:2022.

The UK participation in its preparation was entrusted to Technical
Committee PEL/114, Marine energy - Wave, tidal and other water
current converters.

A list of organizations represented on this committee can be obtained on
request to its committee manager.

Contractual and legal considerations

This publication has been prepared in good faith, however no
representation, warranty, assurance or undertaking (express or
implied) is or will be made, and no responsibility or liability is or will be
accepted by BSI in relation to the adequacy, accuracy, completeness or
reasonableness of this publication. All and any such responsibility and
liability is expressly disclaimed to the full extent permitted by the law.

This publication is provided as is, and is to be used at the
recipient’s own risk.

The recipient is advised to consider seeking professional guidance with
respect to its use of this publication.

This publication is not intended to constitute a contract. Users are
responsible for its correct application.

This publication is not to be regarded as a British Standard.

© The British Standards Institution 2022
Published by BSI Standards Limited 2022

ISBN 978 0 580 97343 7
ICS 27.140

Compliance with a Published Document cannot confer immunity
from legal obligations.

This Published Document was published under the authority of the
Standards Policy and Strategy Committee on 31 May 2022.

Amendments/corrigenda issued since publication

Date Text affected




PD IEC TS 62600-202:2022

IEC TS 62600-202

Edition 1.0 2022-04

TECHNICAL
SPECIFICATION

colour
inside

Marine energy — Wave, tidal and other water current converters —
Part 202: Early stage development of tidal energy converters — Best practices
and recommended procedures for the testing of pre-prototype scale devices

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS 27.140 ISBN 978-2-8322-1095-9

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission



PDIECTS 62600-202:2022

-2 - IEC TS 62600-202:2022 © |IEC 2022

CONTENTS
O T T 1 I PP 6
LN I 2 1 1 L O 1 PN 8
1 1T o 1= S 9
2 NOrMative referENCES .. o 9
3 Terms and definitioNs ... 10
4 Symbols and abbreviated termMS ..o 11
5 Staged development approach ... 11
5.1 LT =Y o =T - ¥ S 11
5.2 1S =T e S 14
5.2.1 IS ToTo] o 1= 10U PR 14
5.2.2 S0 GaAte o e 14
5.3 S €= T PP 15
5.3.1 1T o 1= S 15
5.3.2 S0 GaAte o e 15
5.4 S €= T - TP 16
5.4.1 1T o 1= S 16
5.4.2 S AGE GATE ot 16
G I = =3 o =Y T 1o Vo P 17
6.1 TEC SIMIlIUAES . .cenie e 17
6.1.1 LY o= = | P 17
6.1.2 ReynNOIdS SCaAliNG ..vuoniii e 18
6.1.3 Temperature and salinity effects on Reynolds number...............c..ooiinn. 21
6.2 Power take off (PTO) similitude.........coouiiiii e 21
6.3 Design statement ... s 21
6.4 Facility selection and outline plan ... 23
6.4.1 GBNEIAL ..t 23
6.4.2 Stage 1 and Stage 2. ... 23
6.4.3 ] = Yo [T T PP 25
6.5 Physical model considerations ............oooouiiiiiiii 26
6.5.1 LT o= = | P 26
6.5.2 ] = Yo [ PP 26
6.5.3 Sl agE 2 i 27
6.5.4 ] = Yo [T T PPN 27
6.5.5 Methods for applying torque ... 27
6.5.6 Methods for controlling angular veloCity ...........coiiiiiiiii e 28
6.6 Additional test ProCEAUIES. ... v 28
6.6.1 3] Y T o PP 28
6.6.2 Natural frEQUENCY ....ouiiiii e e 28
6.7 Uncertainties and repeat tests ... 28
7 RepOrtiNg reqUIrEMENTS L. o e 29
7.1 L AT T S 29
7.2 LT a1 = PP 29
7.3 Test conditions and goals ... 29
7.3.1 GBNEIAL L. s 29
7.3.2 Facility selection report.......o.oiiii 29

7.3.3 Physical model report ... ... 30



PDIECTS 62600-202:2022

IEC TS 62600-202:2022 © |IEC 2022 -3-
7.3.4 Measurement proCedure repPOrt ... ..ot 30
7.4 Presentation of resSUItS ... 30
8 Data @CqUISIION ... e 31
8.1 Signal CoONAItIONING . ....uie e 31
8.2 SaAMIPIE AL Lo 32
8.3 Analogue to digital conversion and DAQ System ........cooooiiiiiiiiiii 32
8.4 Yo [ T ox YA ==Y oo ] o =T = 32
8.5 Data syNChronization ... 32
8.6 (DY = W = TeTo] e 1] o T PSPPI 33
8.7 Recording of supplementary test data............cooiiiiiiiiii 33
8.8 Calibration factors/Physical UNits ..........oooeuiiiiii e 33
8.9 Instrument response fUNCHONS ... 33
8.10 Health monitoring and verification of signals ..............cooiiiiii i 33
8.11  Special data acquisition requirements for Stage 3 open ocean trials ..................... 34
9  Testing environment characterization ... 34
9.1 L= o= ¥ S 34
9.2 Environmental measuremMents ... ..o 34
9.3 INFIOW/ ONSEt VEIOCITY ...t e 35
9.3.1 GBNEIAL ..t 35
9.3.2 Inferred iNflOW VEIOCITY .....iei 36
9.3.3 Point measurement. . ... 36
9.4 Velocity Shear Profile ... 36
9.4.1 LT o= = | P 36
9.4.2 Measuring a velocity shear profile...........ccooiiiiiiiii e, 36
9.4.3 Presenting velocity shear profile ... 37
9.5 WaVe ClMAte ..o 37
9.5.1 LY o= = | P 37
9.5.2 MEASUINING WAVES ..ottt ettt ettt ettt 38
9.6 TUPDUIBNCE . .. 38
9.6.1 LY o= = | P 38
9.6.2 TUrbulenCe INtENSILY ... e 38
9.6.3 Integral length and time scales ... 39
9.6.4 Other considerations ... 39
9.7 Temperature, salinity, density and ViSCOSItY .........cooiiiiiiiii e 39
10 Turbine rotor performance characterization ... 39
101 TeStiNg QOIS ouniii e 39
10.2  Performance iNdiCators ... ..o 40
10.2.1 GBNEIAL ..t 40
10.2.2 Power, torque and angular VEIOCItY ...... ..o 40
10.2.3 Turbine rotor drag (thrust) ......oooiii e 40
10.3 Non-dimensional performance indicators ... 40
10.3.1 GBNEIAL ..t 40
10.3.2 Torque performance characterization..............cooiiiiiiii i 40
10.3.3 Power performance characterization ... 40
10.3.4 Thrust performance characterization...............ccocooiiiii 41
10.3.5 Presentation of non-dimensional results ... 41
11 Motions and loads under operational conditions ...........coiiiiiiii i 41

T1.1  TeStiNg QOIS ounii e 41



PDIECTS 62600-202:2022

-4 - IEC TS 62600-202:2022 © |IEC 2022

11.2  Testing SimMiltUAE .. ..o e e 41
11.3  Platform mMoOtioONS ... 42
11.4 Local loads, cross-sectional loads and mooring or global loads..............cc.cooeeeneee. 43
115 TSt CONAITIONS oneei e 44
11.5.1 Stage 1 andand 2 ... 44
11.5.2 ] = Yo [T T PP 45
11.5.3 Fatigue MEasUresS ... ... 45

12 Motions and loads under survival CoNditioNS ..........ovuiiiiiiii 45
12,1 TeStiNg QOIS ouniii e 45
12.2  Testing SimMilitUAe .. ..o e 46
12.3  Signal MeasSUrEmMENTS ..o e 47
12.4 Environmental Input parameters ... ... 47
12.4.1 GBNEIAL ..t 47
12.4.2 Stage 1 ANd 2 .o 47
12.4.3 ] = Yo [T T PP 48
12.5 Performance iNdiCators ... 48
R T YT 4 oo o) = o = 2 PP 48
Annex A (informative) Stage gates ... ..o 49
A1 LT =Y o =T ¥ S 49
A.2 Design statements .. ... 49
A.3 Stage gate Criteria ....oovii e 49
A.4 Uncertainty factors ... ... 50
A.5 THIFA PArtY FEVIEW ..ot et e et e e aenen 50
Annex B (informative) DeViCe tyPe ... 51
B.1 LT a1 = PP 51
B.2 AXial flow tUIDINES ... 51
B.3 Cross-floOW TUIDINES ... e 51
B.4 HYdrofoil deVICES ... e 52
B.5 L 1 1Y PP 52
B.5.1 DUCTEA AEVICES .. e 52
B.5.2 OSCillating AEVICES ....uiiiei e 52
B.5.3 UNderwater KiteS. .. .o 52
Annex C (informative) Facilities seleCtion..........ccoi i 53
CA1 LT a1 = PP 53
C.2 TOWING TANK oo 53
C.3 Re-circulating water channel/flume ... 53
C4 Open water pUSh 1St ... . 54
C.5 Tidal 1ESt SItE oot 54
C.6 Cavitation TUNNE ... e 55
C.7 Other faCltiE S e 55
C.7.1 GBNEIAL .. s 55
C.7.2 Other specialized basins and tanks...........ooooo i 55
C.7.3 WINA TUNNEI L. e e e aes 55
C.7.4 Rotating arm facility ..o 55

C.8 Facilities COMPAIiSON .. . e 55
Annex D (informative) InStruments ... ... 57
D.1 LT a1 = PP 57

D.2 | (o X VAo o = (= Vo3 (=Y g 1] (ot SO 57



PDIECTS 62600-202:2022

IEC TS 62600-202:2022 © IEC 2022 -5-
D.2.1 GBNEIAL L. 57
D.2.2 AcCOUSTIC tEChNIQUES ... 57
D.2.3 Optical teChNIQUES ... e 57
D.2.4 Other tEChNIQUES ...oviiiie e 58
D.3 Wave MeasUremMENT ... e 58
D.4 Structural characteristiCs ..o 58
D.5 Measurement and control of turbine shaft angular velocity ............c..cooiinn. 58
D.6 MEASUINING TOIQUE .. e ettt e e et e et e e e e e aaaenas 59
D.7 MeEasSUNING tNIUST ..o e e e e e 59
D.8 Mooring force MeasuremMeENt. ... ..o 59
D.9 MOdEI MOTION ..o e 59
D.9.1 Optical multi camera six degree of freedom measurement system ................. 59
D.9.2 Gyroscope, accelerometer, compass, GPS ... 60
710 [T Yo = o1 2 V78 61

Figure 1 — Power and drag (thrust) coefficients for the US Department of Energy’s
Reference Model vertical-axis cross-flow turbine (RM2) tested in a towing tank
(BAChant ©f @l. 201 6) ...eeniieii it e 20

Figure 2 — Effect of Reynolds number on performance — Power (left) and thrust (right)
coefficient for reference model RM2 at 4 = 3,1 plotted versus turbine diameter and
approximate average turbine blade root chord Reynolds number (Bachant et al. 2016)......... 20

Figure 3 — Effect of Reynolds number on performance — Power coefficient versus tip
speed ratio (left) and power coefficient at A = 1,9 plotted versus turbine diameter and
approximate average turbine blade root chord Reynolds number (right), both for UNH-

RVAT turbine (Bachant and WoSNiK 2016) .......iuuiiniiiiiiie e 20
Table 1 — Staged development approach ... 13
Table 2 — Scaling CONSIAEratioNS .......couiiiiiii e e 18
Table 3 — Presentation of continuously measured indicators ...............coooveiiiiiiiiin e, 31
Table 4 — Presentation of discrete measured indicators ..o 31
Table 5 — Environmental measurements ... ... 35
Table 6 — Instruments suitability for velocity profiling ..........cccoooiiiiiii e, 37
Table 7 — Environmental performance indicators...........ccooiiiiiiiiiiiiie e 38
Table 8 — Geometric similitude requirements (operational environments) .............c...ooeeenn. 42
Table 9 — Structural similitude requirements (operational environments)..............ccoooevineenn. 42
Table 10 — Kinematic signal measurements (operational environments)..............c.ccceveeinnne. 43
Table 11 — Dynamic signal measurements (operational environments)...............cccceevvenennn.n. 44
Table 12 — Current parameters for kinematics and dynamics testing (operational

LoTo] Lo FLA Lo = PPN 45
Table 13 — Geometric similitude requirements (survival environments) ............ccoooiviiiiineenn. 46
Table 14 — Structural similitude requirements (survival environments) ............ccccooiiiiinnnnn.. 47
Table C.1 — Pros and cons of testing in towing tanks .............ccoooiiiiiii i, 53
Table C.2 — Pros and cons of testing in recirculating water channels/flumes ......................... 54
Table C.3 — Pros and cons of open water push tests........cooooi i, 54
Table C.4 — Pros and cons of testing at tidal test sites...........cooiiiiiii 55

Table C.5 — Comparison of faCilities.........ooiiii i 56



PDIECTS 62600-202:2022

1)

2)

3)

4)

5)

6)

7)

8)

9)

-6 - IEC TS 62600-202:2022 © |IEC 2022

INTERNATIONAL ELECTROTECHNICAL COMMISSION

MARINE ENERGY - WAVE, TIDAL AND OTHER WATER
CURRENT CONVERTERS -

Part 202: Early stage development of tidal energy converters —
Best practices and recommended procedures for the
testing of pre-prototype scale devices

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence between
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent
rights. IEC shall not be held responsible for identifying any or all such patent rights.

IEC TS 62600-202 has been prepared by IEC technical committee 114: Marine energy — Wave,
tidal and other water current converters. It is a Technical Specification.

The text of this Technical Specification is based on the following documents:

Draft Report on voting

114/407/DTS 114/414A/RVDTS

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this Technical Specification is English.

A list of all parts in the IEC 62600 series, published under the general title Marine energy —
Wave, tidal and other water current converters, can be found on the IEC website.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside’' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

To further develop the tidal energy industry, Stage Gates, best practices and recommended
procedures for the testing of pre-prototype scale devices must be well understood. This
document is a collaborative effort from technology developers, academic researchers and test
facility managers.

The purpose of this document is to provide a structured approach in testing and evaluating Tidal
Energy Converters. By following a standardised design path, risk will be reduced and
stakeholder confidence increased. Through best practise guidance and applicable
methodologies this document will ensure consistent, appropriate and comparable data is
collected for the characterization and analysis required in the development of a Tidal Energy
Converter. Furthermore, the reporting procedures will ensure that the results can be replicated
by others.

The core of this document follows a Stage Gate approach; for each stage the program of work
is outlined and supporting information relating to test planning and reporting presented. The
specific recommendations are provided in a holistic manner guiding the process with respect to
test planning, reporting requirements, data acquisition, test environment characterization, and
characterization of both rotor and device (motion) performance. Annexes provide the reader
with further information on facility selection and instrumentation.

The overall goal of this document is to accommodate the majority of technology developers and
facilitate a coherent and structured approach that will accelerate the tidal energy sector in
fulfilling its market potential as a renewable energy contributor. However, it is recognised that
this document will not cover every eventuality that may be relevant for all users. Therefore, this
document assumes that the user is familiar with the subject matter and has access to, and
reviews relevant literature, including the literature cited herein.

NOTE This document presently does not describe testing under wave-current interaction, effects of turbulence on
tidal energy converters beyond a basic introduction to some turbulence parameters typically reported, and
quantification of uncertainty which is covered in other referenced documents.

+
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MARINE ENERGY - WAVE, TIDAL AND OTHER WATER
CURRENT CONVERTERS -

Part 202: Early stage development of tidal energy converters —
Best practices and recommended procedures for the
testing of pre-prototype scale devices

1 Scope

This document specifies the development stages of Tidal Energy Converters up to the pre-
prototype scale (Stages 1 to 3). It includes the hydraulic laboratory test programs, where
environmental conditions are controlled so they can be scheduled, and the first scaled system
open-water trials, where combinations of tidal currents, wind and waves occur naturally and the
programs are adjusted and flexible to accommodate these conditions. Full-scale prototype
(Stages 4 and 5) development is not covered in this document.

This document describes the minimum test programs that form the basis of a structured
technology development schedule. For each testing campaign, the prerequisites, goals and
minimum test plans are specified. This document addresses:

a) Planning an experimental program, including a design statement, technical drawings,
selection of scale and facility based on physical laws, site data and other inputs;

b) Device representation and characterization, including the physical device model, power-
take-off components, foundation and mooring arrangements where appropriate;

c) Energyresource and environment characterization, concerning either the tank testing facility
or the open-water deployment site, depending on the stage of development;

d) Specification of explicit test goals, including power conversion performance and device
loads.

Guidance on the measurement sensors and data acquisition packages is included, but not
dictated. Providing that the specified parameters and tolerances are adhered to, the device
developer is free to select the components and instrumentation.

An important element of testing is to define the limitations and accuracy of the raw data and,
more specifically, the results and conclusions drawn from the trials. A methodology of
addressing these limitations is presented with each goal so the plan always produces
defendable results of defined uncertainty.

It is anticipated that this document will serve a wide audience of tidal energy stakeholders,
including device developers and their technical advisors; government agencies and funding
councils; test centers and certification bodies; private investors; and environmental regulators
and non-governmental organizations.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC TS 62600-1, Marine energy — Wave, tidal and other water current converters — Part 1:
Vocabulary

IEC TS 62600-101, Marine energy — Wave, tidal and other water current converters — Part 101:
Wave energy resource assessment and characterization



