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Document Control Sheet
Title: Model Test Specification

Abstract
This deliverable describes the tests carried out at CEHIPAR with an scaled model of the Kriso KVLCC2 tanke
were defined during Task 3.0 and where described in deliverable D3.1.
This report contains:
- A description bthe ship and load conditions.
- Detailed description of the instrumentation and-sgtarrangement for the tests.
- Detailed description of the test matrix.

The time serie®f all the tests had been uploaded to the SINTEF SHOPERA website.
Summary Report:

Introduction

This deliverable providegetailed descriptiorof the model testscarried out at CEHIPAR with a model of
KLVCC2 tankelt. contains descriptions dhe model hul) test types and procedures, test facilities and th
capabilities The tess corresponds to Task 3.2.2 of the project.

State of the Art

Part of the tests can be considered conventional tests (e.g. calm water resistance apbpal§ion. But
many of them are tests for which little or no information is publicly available (emft forces or captive
circle tests in waves).

Value added tcSHOPERA

The resulting time series and results constitute valuable benchmark data for validation under WP 4.
The hull forms of the KVLCC2 design are open to the general public and the¢hefatata can be share
with external organization in order to make an international comparative benchmark study.

Achievements

All the previously defined tests had been carried out successfliig quality of the results is in gener
good for validationpurposes. In a few cases, when the forces are very low or the wave is unstal
results are of less quality but can be used as a qualitative reference.

b2d I OKASOSR Xo
Everything that has been stated in tdescription of work for Task 3.2Ifas beerachieved.

Input from other Deliverables
The carried out tests were defined in task 3.0 and the results will be used in WP4 for validation.

Exploitation of results
Selected tests will be made available to the scientific community for a benchmark stunlygaseveral
external organizations

SHOPERB3.4re\0 [3]



670

This executive summary may be published outsideSh®OPER#onsortium X=SN0

Work carried out by Approved by

Emilio Fajardo

23/02/2016
Adolfo Maron, CEHIPAR

Name of external reviewer(or WP leader) alatke of acceptance:

Apostolos Papanikolao4/5/2016

SHOPERB3.4re\0 [4]



SHRA

Table of contents

N 1 1 o o [1 T 1 o] o SRR 11
2 Model description and PreParation..............uuiiii e 11
2.1 GENEIAL ... —————aaaaaan 11
A oY= (o [1aTo I eto] o 1 1T0] g TN 13
2.3 INSITUMENTATION ...ttt ettt e e et e e e e sttt e e e e e e bbb emrs et e e e e e e e e e e e e eeeean 15
3 Description of the diffEerent SEUPS. ........uuueiiiiiiiiie et 22
3.1 Resistance and self propulsion in calm Water. (Captive with resistance dynamonuetself
Lo o181 X1 o] a 1o )Y/ 0 F= 10 4T ] ¢ 1] =] o TP 22
3.2 Open Water PrOPEIIET TEST.... . ittt e e e e e e e e e 24
3.3 Added resistance / Drift forces in waves. (Captive withft mooring)..........coooeveeiiiiiiiiiiiice e, 25
3.4 Propulsion in Calm Water and Speed Loss in Waves. (Free with arresting device)................... 30
3.5 Rudder Forces in GalWater and waves. (Ser€aptive with 6 component dynamometer).......... 31
3.5.1 Circular Motion Tests in calm water and waves. (Fully captive)..............cccooe i, 32
O T 1 4= 4 o =T TSP 35
4.1 Resistance in Calm Water. (CAPLIVE)........iiiuuriiiiiee ettt e s enr e e e e e e e e e 35
4.2 Added Resistance/Drift FOrces in Waves. (CAPLNE)........ccuuurriiiieeiiiie it eeee e 35
4.3 Propulsion in Calm Water and Speed Loss in Waves. (free running)..........ccccceeeeiiiicevvvncneeeeeenn, 40
4.4 Rudder Forces in Calm Water and Waves. (CAPLIVE)...........uvrriiiieeiiiieeeiiieieee e e ee e 42
4.5 Circular Motion Tests in calm water and waves. (fully Captive)...........c.euvevvieiiiiiioiiiiiiiieeeeees 43
S ANAIYSIS OFf FESUIIS ...ceiiiiiiiieeee ettt e et b nr e e e e e e e e e e e e e 45
ST R D - L= (=T ot (0 [ o o TP TP T PP PPPPPPPPRPPPPIN 45
oI e 1 =T N = U 41T SRR 46
5.1.1 Resistance and self propulsion in calm Waler.............ccoooiiiiiiiiiii e 46
5.1.2 Added resistance/Drift fOrCES IN WAMES.........oiiuuririiie ettt e e e 46
5.1.3  Propulsion in calm water and Speed [0SS iN WAVES............ccuiiiiiiiiiiiiieeee e 46
5.1.4 Rudder forces in calm water and WAVES.............eeeiiiiiiiiiiiieeaiiiee et 46
5.1.5 Circular motion test in calm water and WaAVES...........cccurriiieiiaiiiieee e a7
TN R B LT o | o £ TP PPPPP 47
g (=T =T Lo = PRSP 48

SHOPERB3.4re\0 5]



L

Appendix 1. Description of th&hip Dynamics Laboratory and the Calm Water Togviank at

CEHIP AR ..o oot emr oot e e et e e e na e et e et e e e e e e e e rnnnr e e e erennn 49
Appendix 2. Comparison plots of spectra of irregular Waves..............c.ccvvvveiiieieiiieeeieeeeeeeeeeeeee, 54
Appendix 3. RESUILS Of ECAY TESES......ouuiiiiii e e e e e e e amraes 57
Appendix 4. Resistance in Calm Watard Open Water propeller testfcaptive)............cccvvvveeeee.. 65
Appendix 5Propulsion in calm water and speed losswaves (free running...........ccccceveveeeeeeennne 71
Appendix 6.Drift FOrces in WaVESRADS........uuuuuiiiiiiiiiiimr e e e e e e e e e eaaeeaaaaeaaeeeaesamaesssssennnenrnnnnnnn 127
Appendix 7Mean Drift Forces and Added Resistance iNWB8L...............ccceeeeeeiiiiiieiiiiiiieiens 133
Appendix 8 Rudder forces in Calm Water and WaVES.........ccccovviiriiiiiireeeiiiiiee e e e e e eeeiiies e e emeene 141
ApPeNndiX 9.CIrcuUlar MOTION TESES.......uuiiiiiiiiieeee e e e e e e e e s e neenenes 151

SHOPERB3.4re\0 6]



SHRA

List of figures

[ To [ (I R O B I T To [y T o [ PRSP PP PP ORI 11
Figure 2. Propeller 8N FUAGEE..........ouuiiii ettt e et e e e s sab bt e e e e st be e e e e s aabbeeeeessnbbeeeeeans 13
Figure 3. Clinometer and Xsens MTiiNEITIa.UNLL............uuuiiiiiieeree e e e se s e e e e e e e e s s e rrrrreaeeeeeaeas 14
CA3IdzNBE nod Da FR2dzadGYSyiliod ! yat S 2F. . AYOLAY.LGAZY...00.0.1880 6S
Figure 5. Example of Mobile Camera POSILON...........oi i e e e e e 16
Figure 6. Pressure sensors at the bow flare. The dimensions are at model.scale...........cccccciiiiiiiii e 17
FIQUIE 7. WANVE SEINSQL....ccciiiutiiiie ittt ettt ettt e e oottt e e e e ettt e e e e sab bt e e e e ok be e e e e e e bbbt e e e e aabb e e e e e aabbe e e e e e anbbeeeesennbbeeeeennnbeas 18
Figure 8. Krypton camera and frame 0N DOAIM...........coiiiii i e e e e e e e e e e e e e e e e s annnnes 18
Figure 9. Selfbropulsion dynamometrs: aft and fOre VIEW...........ooiiiiiiiiiiiiiie e 19
Figure 10. RUAAEr AYNAMOMELEL.........ciiitiiiie ittt ettt e ettt e e e et bt e e e ekt et e e e e abb e e e e e aabbe e e e s anbreeeeeeanneeas 19
Figure 11. Encoder attached t0 the MOLON..........ooiiiiiii et e st e e e e aabe e e e e aaes 19
Figure 12. Servo (left) and enCOEr (FIGIL). ......c.oiiiiiiiei ittt e s b e e e s st e e e e s sbb e e e e e s snbaeeeesaae 20
[T [0 T @ 1 0] BT 1 11T = PSSR 21
FIQUIE 14 RESISTANCE TESL ...ttt e e e ettt et e oo oo e e e bbbt ettt e e ee e e e e e o aaabbabe e et e e aaeeeassanbbabbnneeseeaaaaeeeesannnnnes 22
Figure 15. Geometry of the soft mooring arrangement (dimensions at model.scale)..........ccccccoviiiiiiiiiiiiiienennnn. 25
Figure 16. View of theest setup. The mooring lines are marked iN.red.........c.veeiiiiiiiee e 26
Figure 17. 3D MOdel Of tNe tEST SEILPD........uiiie ittt rab e e e st e e e s e sabr e e e s e nnrees 26
Figure 18. Mooring assembly and IGEEHIS ... e e e e e e a e e e e e 27
Figure 19. Example of decay test for the soft mooring. Here the surge case is.Shown.............ccccceeeiinne 28
FIQUIE 20. AITESTING GEVICE.....cii i e ettt ettt et e e e e e e oo oo b et b ettt et e e e e e e e aa s e a bbb be e et e e aaeeeeesannsbbbseeeeaaaaeaaeas 30
Figure 21. RUDDER FORCE: test assembly and @XamPIe...........cooiiiriiiiiiiiiiee et e s e e 31
FIQUIE 22, CPMC tESES SKOLCKL. ... ieiiiii ettt ettt e e et e e e e bt e e s e ab bt e e e e anbbeeaeeeannbeeeesennes 33
Figure 23. CPMC tEStS @SSEMIIY ... ..uuiiiiiiiiii et e et e e e e e et e s et a e aaeeeeaeaeeessssantssbaarnnneeaaaeeeaean 33
FIGUIE 24, IRREGQL........ ittt ettt ettt ettt e ekttt e s h bt ekt e oo h ke e e ea ke e e ok b e e 2 ke e e ok be e e emne e e eabeeeenbeeesnbeeeeanneana 55
FIGUIE 25 TRREGODZ.......eei ittt ettt ekt ook bt e kbt e ook ket e 2 ab e e e 42 b b e e o ket e et b e e e ok bt e e nbe e e anbeeeenbeeesnbbeeenneas 55
FIGUIE 26 TRREGOS........eeeiiieie ittt ettt ettt e e ettt e ekt e e eh bt e e ekee e e asbe e e eabe e e ot ee e e ameeeeabee e e ambeeenbeeeanbeeeenbeeesnnneeeneeas 56
Figure 27. Surge decgysoft MOOMNG. LCL.....ciiiiiiiiiiiiiiie ettt e st e e s st e e s s snbb e e e e snbeeee e e nnsaeas 59
Figure 28. Sway dec@ysoft MOOING. LCL......oiiii it e e e e e e e s e e s e e e e aae e e e e e s e s nnabaareareaaaaeaaaas 59
Figure 29. Roll deca@ysoft MOOMNG. LCL.......ooiii ittt e e e e e e e e e e s s e et ta e e e e e eaaaaessesssanbstrareeeeaaaeaeas 60
Figure 30. Pitch deca@ySoft MOOKNG. LCL.... ... it e e e e e e e e e e e e e e e e e e e e e e e e aannbnbeeeeeeas 60
Figure 31. Yaw deca@ySoft MOOMNG. LCL...... ..ottt ettt ettt e e e et b et e e s st be e e e e e abbe e e e e e anbneeeesaae 61
Figure 32. Surge decgyBoft MOOMNG. LC2.....ciiuiiiiiiiiiiiie ettt et e et e e s ettt e e s s snbb e e e e snnbeeee e e aneaeas 62
Figure 33. Sway dec@ysoft MOOING. LC2.......ciii et e e e e e e e s e e s e e e e ae e e e e e e s s sanabaareereeaaeeeaeas 62
Figure 34. Roll deca@ysoft MOOMNG. LC2.......ooiiii ittt r et e e e e e e s e et e e e e e e aaeessaasanteererreeaaaaeaeas 63
Figure 35. Pitch deca@ySoft MOOMNG. LC2.... ... ittt e e e e e e e s s bbbt e e e e e e e e e e e e e aannbnbeeeeeeas 63
Figure 36. Yaw deca@ySoft MOOMNG. LC2........ueiiiiiiiiieie ittt ettt e e e et bt e e s st be e e e e s abbe e e e e s asbneeeeeaae 64
Figure 37LC1 Scantling. Resistance in CalMm Water CULVES...........coiiiieiiiee i 67
Figure 38LC2 Heavy Ballast. Resistance in Calm Water CLIVES...........uuuiiiiiieeee e e ieiiiiieeee e e e e e e e e e e ssssnrnaeeereeaaeeeae s 68
Figure 39LC1 Scantling. Self Propulsion in Calm Walel..........cooeiiiiiiiiiiiiiiiee e sccreree e e e e e e st n e e eeaaae s 69
Figure 40. Self propulsion. V=9 knots. HEAVE.RAQL.........coo ittt e e e e e e 73
Figure 41. Self propulsion. V=9 KnotS. ROLL.RAQ..........uiiiiiiiiiee ettt et e e e s sbbe e e e e e nees 73

SHOPERB3.4re\0 [7]



SHOPERA

Figure 42.
Figure 43.
Figure 44.
Figure 45.
Figure 46.
Figure 47.
Figure 48.
Figure 49.
Figure 50.
Figure 51.
Figure 52.
Figure 53.
Figure 54.

Self propulsion. V=9 knots. PITCH.RAO..........cccciiiiiieeiie et e e e e e s ssseninneeese e e e e e e s s e ssnnsnnnnnneeee s d &
Self propulsion. V=9 KNotS. CPLRAOQ.. ... e e e e e e e s e e st e e rrereeaeeessesannnnes 74
Self propulsion. V=9 KNotS. CP2 RAOQ.......oi ettt e et e e e e e e e e e e e e e annnee 75
Self propulsion. V=9 KNOtS. CPZ4 RAOQ.......oo ettt e e r e e e e e e e e e e e e e e anneees 75
SEPropulsion. V=9 KNOS. CP5 RAOD........iii ittt ettt e e s s rbee e e e e s sbbaeeeesaaes 76
Self propulsion. V=9 KNotS. CPBRAOQ........oii it a e e e e e s s s rrrereeaeeessesannnnes 76
Self propulsion. V=9 KN@B.7 RAQL........uuiiiiiiiii ittt e e e e e e s s e e e e e aaaeeeeaeaanneees 77
Self propulsion. V=9 KNotS. CPB RAOQ.......ooi e e e e e e e e e e e e e e s aanee 77

Self propulsion. V=9 KNotS. CPO RAD........coiiiiiiei ittt e et e e s s sre e e e e e s snbreeeesaaes 78
Self propulsion. V=9 knots. ADDED POWER RAQ...........coiiiiiiiiiiiiie ettt 78
Self propulsion. V=9 Knots. THRUST.RAQ . ........cci it e e e e e e e e e s s s s e e e e e aeeeeesesnnnnnes 79
SURGE RAO COMPAratiVE..LEC2 ...ttt ettt et e e e e e e s e e e e e e e e e e e e e annnnes 129
SWAY RAO COMPATAtIVE. LT 2. ...ttt e e e e et e e e e e e e e e e s e s aabb bbb e eeeaaaaeeaeas 129

Figure 55HEAVE RAO COMPAIALIVE. LC2.....co ittt ettt ettt e ettt e e ettt e e e e e bt e e e e snnr e e e e e annnes 130

Figure 56.
Figure 57.
Figure 58.
Figure 59.

ROLL RAO COMPATAtiVE..LIC2 ... ittt ettt ettt e e s b e e e s s bbb e e e s abbbe e e e s annaneeans 130
PITCH RAO COMPAratiVE..LLC2. ... .eiieiiiiii e ettt e e e e e s e e e e e e e e e s s et aae e e e e e eeeeesessnnnnreenneees 131
YAW RAQO COMPAIALIVE. ... e ittt ettt ettt e e e e e e e s s o bbb b e et et e e e e e e e e s aaaaannbbbbeeeeaeaeeeeesaaansnnreseeees 131
SURGE RAQ'S. ST KNOIS......utiiiitiie ittt ettt sttt stb ettt e s sabe e e s bt e e sabe e e sabe e e snbeeeeanneas 132

Figue 65. FX QQIMLCLST0 KNOTS......coiiiiiiiiieiiiii ittt e sttt e e e e bt e e s e sb bt e e e e nb e e e e e annbee e e e e annnee 135

Figure 66.
Figure 67.
Figure 68.
Figure 69.
Figure 70.
Figure 71.
Figure 72.
Figure 73.
Figure 74.
Figure 75.
Figure 76.
Figure 77.
Figure 78.
Figure 79.
Figure 80.
Figure 81.
Figure 82.
Figure 83.

Q= (o 1 1T O B T O T T £ O SPRPR 135
VA= (o 11 T S T O N g o) SRS 136
VA= (o 11 1O S Tl O N g o] =SSR 136
MZ QAIMLCLST0 KNOTS. .ottt e e e e e e e e bbbttt e e e e e e e e e s e aa bbbt e e e e e aaeeeeseaannbnbnnneeees 137
Y A= To [T T O3 ST I (g o) PSP 137
Added resistance mean values adimentionalized.. LCL............oovveeiiiiiiiiiiiie e 139
LC1. Calm Veat Stock longitudinal fOrCe...........cii e 144
LC1. Calm Water. Ship loNgitudiNal fOXCE........ciiiiei it er e e e e e e e 144
LC1. Calm Water. StOCKSKBEISE FOICE. ... ..ottt e e e e e s eeeeas 145
LC1. Calm Water. Ship tranSVerse fOLCE..........uiiiiiiiiiiee et 145
LC1. Calm Water. StOCK MOMENL. ... ..eiiiiieeii ittt et e e e e e s s e s st ree e e eaeeeeessaassstrereeeraeaeeeesssannnsnsrnnnnees 146
LC1. Calm Water. Ship MOMENL.........ciiiiiiiiee e e e e e e e e s e s s r e e e e e aeaeesessanannteaeereeaaaeans 146
LC1. CPMCREGOL1. 9 knots. Stock longitudinal farCe............ccvviieieiiiiee e 147
LC1. CPMCREGOL1. 9 knots. Ship longitudinal farCe.............cooiiiiiiiiiiii e 147
LC1. CPMCREGO1. 9 Knots. Stock transverse.fOrCe.........oi it 148
LC1. CPMCREGOL. 9 knots. Ship tranSVerse.fOrCe.......cuuiiii e 148
LC1. CPMCREGOL. 9 KNots. StOCK MOMENL........uiiiiiiiiiiieei e e e s s seeeeer e e e e e e e e nneeeeees 149
LC1. CPMCREGOL. 9 KNots. Ship MOMENL.......uiiiiiiiii it e e e e e s eeee s 149

FIgure 84 CPMC teSE fOrCES PIOL.... ..ottt e e e e e e e e bbb e e e et et e e e e e e s e e s st abbeeeeaaaaaaaeaaaan 153

SHOPERB3.4re\0 9]



SHRA

List of tables

Table 1: Main particulars of the KVLCC2 hull in fUll SCALE...........coiiiiiiiiei i 12
Table 2. Propeller CharaCteriSHES ........oiiiiiie ittt e s e bbb e e s st e e e s e nbbe e e e s e nabaeas 12
Table 3. Loading conditioNs @djUSTMENL..........iiiiiiiiiietee e e e e s s re e e e e e e e e e s e s e b e e e e eeeaaeeessssansnnaennreeeaaaees 14
Table 4. Coordinates of the POINIS Of INTEIEST..........uu e e e e e e e e e e e e e s 16
Table 5. Wave Sensor POSIIOIMAG TESTS ... .uuiiiiiiiiiiee ettt e et e e e st e e e s st b e e e e e s sabbr e e e e sabbneeeesaaes 18
TADIE 6. SCAIE TACTOLS. ...ttt e et e e e e e e e st bttt ettt e e e e e e e e e s nbbebeeeeeeeaeaeeeeseaannnbebeeeeeaaaaaeaeas 20
Lo ST U o (0] g (=T (] T PP PPP T OTPPTT P 22
Table 8. Natural periods and naiimensional damping for the different degrees of freedom (LC1)........cccceevveeeeen.n. 28
Table 9. Natural periods and naimensional damping for the different degrees otftem (LC2)...........ccvvvveeeeieiennnnn. 28
Table 10. Channel list: DRIFT FORCES LCLIESIS. .. ..ttt e e e e et sttt et e e e e e e e e e s s sasnbasaeeeeaeaeaeeeas 29
Table 11. Channel list: DRIFT FORCES LC2 SIS ... ..ttt e sttt e e e e e e e e s s s sasbnsaeeeaaeaeee e s 29
Table 12. Channel list: PROPULSION IN CALM WATER AND SPEED LOSS IN.WAVES.1eStS.....cccccveeeviiiiinnnns 31
Table 13. Channel list: RUDDER FORCES.LESIS. .....ciiuiiiieiiiiiiie e ittt e sttt e sttt e e e stbe e e e s s sntae e e e s snabbee e e e snbeeeesennnees 32
Table 14. Channel liSt: CPMEC TRSIS .. ..ii ittt ettt e e e e e e e e e bbbttt e et e e e e e e e e s s s nabbbbe et e eeeaaeeeesaaaannnnnreees 34
Table 15. Test performed at CEHIRAR....... ..o et e e et e et e e e e e e e e e e bbb breeeaeaaaaaeaas 35
Table 16. Test MatriX: RESISTANCE. ... ... ittt e et e et e e e e e e s s e aebbateeeeeaaaeaeeessaasnsbeeeaeeeeaeaens 35
Table 17. Test matrix: DRIFT FORCES IN WAVES.LCL......cociiiiiiie ettt er e e e e e e s s s sssrereeeeeeaeeaaeeesesnnnnnnen 36
Table 18. Test matrix: ADDED RESISHMAMB/AVES LC2.........oiiiiiiiiiie ittt st e e e 37
Table 19. Test matrix;: DRIFT FORCES IN WAVES.LC2.......oiiiiiiiiiiiiiie ettt e et e e ssttaee e e s s sntaeeeesnnen 38
Table 20. Regular waves for ADDED RESISTANCE AND DEHETREZDHR.......ccccoiiiiiieeiiiiineeeeiiieee e siieeeesesireneesennens 39
Table 21. Irregular waves for ADDED RESISTANCE AND DRIFT FORCES.IESS.......ccoviiiiiiiiieiiiiiee e 39
Table 22. Test matrix: PROPULSION ANIDSFEES IN WAVES tESIS...uiiiiiiiee it er e e e esssiieeeene e e e e e e e e n e 40
Table 23. Regular waves for PROPULSION AND SPEED LOSS IN WAVES.IESIS ... ccniieereeeee e 41
Table 24. Irregular waves fORPPULSION AND SPEED LOSS. SIS .. .uuuiiiiiiiiiaiaeiae ittt e e e e 41
Table 25. Test matrix:RUDDER FORCES IN CALMMATER .....cooii ittt ettt e st e e e st e e e sntaeee e s sneaaeeaeeans 42
Table 26. Test matrix: RUDDER FORCEWNEBVA........oooiiiiiiiii ettt e e e e e e e e e e e an e e e e e aeeeeaeaanns 43
Table 27. Regular wave for PROPULSION AND SPEED LOSSAESIS....ccccciiiieiiiiiie e e snneeeeenn 43
Table 28. Test matrix: CIRCULAR MOTION IN CALM WATERVAENED. WA ..ottt 44
Table 29. Regular Waves fOr CPIMC TESES ... uiiii ittt e e e e e e e e e e e e s e e st e e e e eeaaaeeesessansanbaaerereaeeaeas 44
Table 30. DeCAY tESES IESUILS LCL........uuiiiiiiiiieie ettt e ettt et e e e e e e s s e bbb eebe et e e aaeaeseeaanbbbbeseeeeeaaaaeeeanas 48
Table 31. DECAY tESES FESUILS LC2 ...ttt ettt e e et e e e e e bbb e e e e ab e e e e e anbre e e e e e nnreas 48
Table 32LC1 Scantling. ResiStance iN Calm WALET..........cuuiiiiiiiiieie et nreee e nnneeee ] 67
Table 33LC2 Havy Ballast. Resistance in Calm WaLBl.............cooiiiiiiiiiiiiie et e e e e e e e e s rre e e eeaaaee s 68
Table 34 LC1 Scantling. Self Propulsion in CalM WaALEK..............coeiiiiiicciiieeie e e e e e e e e e e s ereeeeaee s 69
Table 35. Fx mean valud3rift FOrCeSs tESIS. LC L. ..ottt e e e e e e e e e e eeeaaaeeas 138
Table 36. Fy mean values. Drift FOrCes teSIS.. LCL ... .ottt e e e e e 138
Table 37. Mz mean values. Drift FOrCes tASBEL..........uuiiiiiiie e e e e e e e e e s e s snrnn e e e e e eeeeeeseeannns 138
Table 38. Adimensional Added ReSIStANCE. LCL.........coiiiiiiiieiiiiiie et e e st e e e s st e e e e e ssbeeeeeennneeas 140
Table 39LC1. Calm Water. Stock and Ship outputs in RUAAEL.IESES ......ccvviiieeiii e 143
Table 40. LC1. CPMCREGO1. Stock and Ship outputs in RUAAEL.IESIS.......cc.uuuiiiiiiiiiiiee e 143

SHOPERB3.4re\0 [9]






1 Introduction
This report describes the seakeeping tests of a KVLKIE2YLC&ype vessd for SHOPERA project conducted
both at the Calm Water Towing Tank (CWTT) tredShip Dynamics Laboratof$DL) of the CEHIPAR

The objective of these tests was to contribute significantly to closing gaps in the state of the art in numerical
tools for seakeeping and maneuveringspecially with respect to drift forces in waves at forward speed and
added resistance iguarteringseas.

The test planninglefined in Task 3.iicluded thefollowingtypesof tests:

- resistance in calm water

- added resistance Drift forces in waves,

- propulgon in calm water,

- propulsion and sped loss in waves,

- surge acckeration in calm water,

- rudder force in wags,

- calm water PMM test / Cirdar motion planar test and,
- PMM circular motion test in waves.

Additionally the folloving tests had been included for completeness:
- Decay tests.
- Open water propeller test

2 Model description and preparation

2.1 General

The model, CEHIPAR number 2867, was fabricated at a scale of 1:80 in wood according to the dfaléngs
KVLCCeganker, designd bythe Korean Institute of Ship & Ocean EngineergqigRISOwith bulbous bow and
U-shaped stern lines. These hull lines are given in the SIMMAN web page [2].

Figurel. CAD and model

SHOPERB3.4re\0 [11]
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Tablel: Main particulars of the KVLCC2 hull in full scale

Description LC1: Scantling draught LC2: Heavy Ballast

Lbp (m) 320 320
Bwl (m) 58 58
Tms (m) 20.8 9.9
Displacement (ton) 320438 139197
KM (m) 24.3 32.6
GM (m) 5.7 21.4
KG (m) 18.6 11.2
XG (m) 171.1 169.1
Rxx (%B) 40 40
Ryy (%Lpp) 25 25

HPonckaod

Table2. Propeller characteristics

Propeller
Type FP
No. of blades 4
D (m) 9.86
P/D (0.7R) 0.721
Ae/A0 0.431
Rotation Right hand
Hub ratio 0.155

The XG is forward of aft perpendicular and the Kg is above the baseline. The inertias are referred to the center of
gravity of the corresponding ldiscondition

The rudder andhe propeller were fabricatedat CEHIPAR according tee data providedat the same web page,
with the following main characteristics:

Rudder The KVLCC2 design features a horn rudder of 273t8tai wetted area and a lateral area of 136.7.m
GdzNYy NI GS Aa

Propeller The tanker is equipped with a fixepitch 4 bladed propeller of 9.86 m full scale diameter and a pitch
ratio of P/D = 0.721. The direction of rotation is ridfanded.

SHOPERBS.4rev0

[12]




Figure2. Propeller and rudder

2.2 Loading conditions

The model was ballasted with a suitable weight distribuliomrder to reproduce the displacements, draughts,
trims, radius of longitudinal and transverse inertia and &dvigiven in The following checks wemmade for this
adjustments

Displacement, draught and trim

Checked at thérim channel. The drafts are observed with the model on the water against the marks previously
painted at the bow, aft and middle section on both sides and transom. Usually v theoretical drafts the

model displacement presents some error relative to the theoretical value. In such a case, the normal procedure
is to maintain the model weight equal to the theoretical displacement and to increase or reduce slightly the
draft but maintaining the theoretical trim, i.e.: the displacement is maintained and the final waterline is parallel
to the theoretical one.

Longitudinal ratio of inertia

It was adjusted to thearget value of 25%hp by measuring; using an inertia unit, seBigure3 ¢ the natural
period of oscillation of the modedupported on an inertial tableThis consists in a platform that can rotate
around an axis transversal to the model and provided with springs with well knoworingscharacteristics.

Transversal ratio of inertia

It was adjusted to the aim value of 40%Bébgimilar procedure as for the longitudinal inertia but rotating the
Y2RSt o0& pnoo

GM

Inclination testin water ¢ using a clinometer, seEigure3 ¢ of the model around thdongitudinal axis by the

transversedisplacement of a known weight on the modsi different distancesThedisplacedweight was part
of the ballast

SHOPERB3.4re\0 [13]
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Theresulting radii of inertiland GMobtained are shown¢ at model scale; in the tablebelow and compared
with the targets:

Table3. Loading conditions adjustment

LOAD CONDITION Values Theoretical Ajusted Error
Mass (kg) 610.6 610.5 -0.01%
LC1: Scantling KG (m) 0.232 0.234 0.99%
Rxx (m) 0.29 0.291 0.30%
Ryy (m) 1.00 0.999 -0.06%
Mass (kg) 265.0 265.0 0.01%
LC2: Heavy ballast KG (m) 0.139 0.139 -0.32%
Rxx (m) 0.29 0.3 3.45%
Ryy (m) 1.00 1.0 0.00%

Figure3. Clinometer and Xsens MTi inertia unit

The results of thénclinationtestsfor LC1 and LZare shown in tha@extfigures:

SHOPERB3.4re\0 [14]
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2.3 Instrumentation

The different variables of intere§tpm, thrust &torque, speed 6DOFMotions incident wave pressure around

fore shoulde} were measured by means of precision sensors calibrated before the Témtgosition of the
RAFTFSNBYy(l aSyaz2zNB YR 20KSNJ LRAYyda 2F AyiSnmBad | NB
points of attachment of the soft mooring to the model.

SHOPERB3.4re\0 [15]
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Table4. Coordinates of the points of interest

Coordinates
Ship (m) Model (m)
Description N X hd Z X Y Z
Absolute wave elevation1 1

Center of gravity_LC1: Escantillonado] 2 1711 0.0 186 | 214 | 0.00 | 0.23
Center of gravity_LC2: Lastre 2 169.1 0.0 112 | 2.1 0.00 | 0.14
Pressure sensori 3 288.0 | -24.1 9.8 3.60 | -0.30 | 0.12
Pressure sensor? 4 288.0 | -248 | 144 3.60 | -0.31 0.18
Pressure sensorl 5 288.0 | -25.2 | 19.2 3.60 | -0.31 0.24
Pressure sensord -] 300.0 | -19.3 9.6 3.75 | -0.24 | 0.12
Pressure sensorh 7 300.0 | -20.1 14.4 3.75 | -0.25 | 0.18
Pressure sensorf 8 300.0 | -20.2 19.2 3.75 | -0.25 | 0.24
Pressure sensor? 9 312.0 | -12.3 9.6 3.80 | -0.15 | 0.12
Pressure sensord 10 312.0 | 124 | 14.4 3.80 | -0.16 | 0.18
Pressure sensord 11 312.0 | -11.5 | 19.2 3.80 | -0.14 | 0.24
Acceleration 12 144.0 0.0 30.1 1.80 0.00 0.28

AMTI Dynamometer_fore 13 3498.3 0.0 4.37 0.00

AMTI Dynamometer_aft 14 -14.6 0.0 -0.2 0.00

Towing point_fore 15 353.3 0.0 4.42 0.00

Towing point_aft 16 -18.6 0.0 -0.23 | 0.00
Propeller 17 6.8 0.0 5.8 0.09 0.00 0.07

Rudder 18 0.0 0.0 - 0.00 0.00 -

During the teststhree different views were recorded indeo: general (with the por& starboard sidecamera)
and adetail view of the bow (with thanobile camera)

Figure5. Example ofmobile camera position

Depending on the test case somealirof the following magnitudes were measured:

Carriage velocityA voltage signal proportional to the cage speed; in both directions x and g is sentduring
the testfrom the carriage control system to the data acquisition system.

Pressuremeasured by usingine ceramic pressure gauges located at the bow flare of the masiébllows.

SHOPERB3.4re\0 [16]
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Figure6. Pressure sensors at the bow flaréhe dimensions are at model scale.

Wave heightThe incoming wave field was measuredhndin ultrasonic type wave gauge
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Figure7. Wave sensor

Table5. Wave sensor position during tests

WAVE SENSOR POSITION
Test N° X cog (m) ]Y cog (m)

from 7 to24 -338 -244
from 25 to 30 -80 -456

from 31 to 42 336 0

from 1to 6 & from 43to 44 & from 63 to 80 326 0
from 45to 62 -341 -155

from 81 to 95 250 0
from 96 to 203 & from 240 to 433 394 -96
from 204 to 239 397 -96

Motions. The motions of the centre ajravity were measured using adéf optical tracking systerg KRYPTON.

This is a camera based dynamic position measurement system that uses 3 CCD units to measure thefposition o
one or more infrared LED equipped probes. By attaching the probes to the model using a frame, position,
velocity and acceleration can be measured. In this case the magnitudes measured were the translation motions:
surge, sway, heave and the rotation nwis: roll, pitch and yaw.

Figure8. Krypton camera and frame on board
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Thrust and torqueof the propeller by meanef selfpropulsion dynamometer

Figure9. Selfpropulsion dynamometers: aft and foreiew.

Rudder forcedoy means of a rudder dynamometer.

Figure10. Rudder dynamometer

Propeller revolutiondBy means of an encoder which measures the number of pulses per second and converts it
to rps.

Figurell. Encoder attached to the motor

Rudder angleBy using an encoder which measures the number of pulses and makes the conversion to grades.
¢CKS GdzNYy NI GS Aad wdoncka G FdzZt aoltSo
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Figurel2. Servo (left) and encoddright)

All the results are processed converted to full scale unless otherwise indicated. The scale factors applied are

given in the following table:

Wherel is the model scale (80) amdthe specific density for sea water.QR5).

Table6. Scale factors

Magnitude Scale factor
Wave height and relative movement I
Acceleration 1
Linear movements I
Angular movements 1
Speed 195
Rotational speed |03
Pressure rl
Thrust rf
Torque rf
Power rfed

For the seHpropulsion tests the model was operated with an autopilot system and a propeller rpm controller by
means of a programme developed by the CEHIPAR. The control sygienookstant the relative position of the
model in relation to the turret (which was moving with the speed and the trajectlmyiredfor each test)
through a PID controller. Thgainsfor the control algorithmwere fixed in preliminary tests.
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3 Description of the different set-ups
The tests were carried out in either the Calm Water Towing Tank (CWTT) or the Ship Dynamics Laboratory.
These two facilities are described in Appendix 1.

The reference systn used for the magnitudes measured is right handed with the X axis lined up with the
longitudinal axis of the model; the Y axis is perpendicular to the centerline and directed towards port side and
the Z axis igertical and perpendicular to the flotation

The origin of coordinates of the system is located at the intersection of the aft perpendicular axis with the base
line.

The positive direction for each value is show in the channel list table

Depending a the type of test, different setips were usedor testing, as it can be seen bellow:

Table7. Set up for testing

TESTS TYPE SCANTLING | HEAVY BALLAS|T FACILITY] SET UP
Resistance in calm water X X CWTT Captive with resistance dynamometel]
Added resistance in regular waves X X SDL
Added resistance in irregular waves X SDL Captive with diamond mooring
Drift forces in regular waves X X SDL
Propulsion in calm water X CWTT Captive with auto dynamometer
Propulsion and speed loss in regular and irregular waveg X SDL Free with arresting device
Rudder forces in regular waves X SDL Captive with 6 C dynamometer
Circular motion tests in calm water and regular waves X SDL Fully captive with 6 C dynamometer

3.1 Resistance and self propulsion in calm Water. (Captive with resistance

dynamometer or self propulsion dynamometer)
The modelestrained by a system that only allevior heave and pitch motions. During the resistance tests the
surge motion is restrained by the resistance dynamometer. During the self propulsion tests it is restrained by a
rod that applies the viscous allowance. During the acceleration and breakisgghaclamp fastens the model.
In the resistance tests, the fore and aft trim, as well as the resistance force, are measured. In the case of the self
propulsion tests, thrust, torque and rpm are, instead, registered.

) V=9-NUDOS R.|®S.=

25° Br

V' = 0.690m/s

Figurel4. Resistance test
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The method used for the experiments as well as for the-ginjglel correlation has been the standard "ITA&

Performance Prediction Method for Twicrew Ships".

RESISTANCE TEST

The ship total resistance coefficient is calculated accartin
CTS=CTM1+Kk) (CFNCFS)DCF + @A
Where:
k = Form factor, calculated amdling to Prohaska's methodit Froude Numbers between 0.12 and 0.18
DCF = Correlation allowance{ 105 (190. 1@6 / Lflot)0.333-0.64 10-3
CAA =Air Resistance = 0.001. AT /SATansversal area above waterline$\Vetted surface
CF = Friction coefficient aceding to ITT&G?7 friction line

SELF PROPULSION TEST

The seHpropulsion tests have been carried oat the ship selfpropulsion wint, by applying to the model a
towing forcefor viscous allowance:
FA<{ (1+k) (CFMICFS)BCF}.rdQun { Qk

Where C FM and CFS are friction coefficients, according tepITTCf Ay S> FT2NJ Y2RSt | yR

model wetted surfacey’, model speed and’, tank water densityD CF and k have been defined above.

From the tests, thrust deduction factor (t), rotative relative coefficidm) @nd wake fraction (w) are calculated

for the model. It is agreed that t arftt are the samdor model and the ship.
wS is calculated according to:

C FM (1 + K\BCF

wS =(t+0.04)+ (wM-0.04)
1+k) CFM

Propeller open water characteristics are extrapethto ship size using the standard 1778method.

The delivered horse power (DHP) to the propeller and RPM are calculated for the ship from ship propeller open

water characteristics, ship resistanceht,and wsS.

The engine poer is calculated by the farula:

SHOPERB3.4re\0 [23]
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BHP = DHPHM

WherehM is the mechanical efficiency of the shafting.

3.2 Open water propeller test

The model propeller was tested in open water although this was not included in the tests specification. The
procedure is as follows:

o . aV. DG
The critcal revolutons are calculateéor R (min.) = 2Q0° %a—g by tess with revolutions between 1.5 to
C u =
2 times the critical revolutionst KS LINR LISt t SNJ Aa adzy1Sy (2 wmModpi 5QF 4K
inclination is fixed, if any.

: : . a, g ..
The tests were made witconstant revolutions, changing the advance raflo= aea—g, this impliesto test
c u =+

the propeller with different velocities
The test duration s 20 minutes approximately, to avoidproblems with excessive friction. Once the torque

measure hadbeen stabilised, the initial zero for torque and thrust is takEnis operation is carried out without
the propeller in the dynamometer.

Once all the checks have been madke test can be started. A first run was made for the purpose of
homogenize thelbid condition.

The range of advance ratfor the test, isdetermined between zero (J=0) and the value of advance ratio which
provides a zero value for KT, the test must be perfectly defined.

The test is mad®ith constant revolutionyarying the velocityvhich determines the advance ratio.

In the same run, the poisttest will haveincreasing speeds, this prevents that the generated wave train in the
previous point reach the propeller.

The wait time between runwill be the necessary to allow the dampiofjithe waves. Once the is test finished,
the final zero values for torque and thrust are measured, turning the dynamometer axis without load. Finally the
variation between initial and final zeros is checked, the difference must be less to ten percent.
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3.3 Added resistance / Drift forces in waves. (Captive with soft mooring)

The same arrangement was used for both the drift forces tests all well as the added resistance ones.

To measure the mean drift forcemd added resistanci regular waves, the model wasstrained with a soft
mooring system consisting in four lines arranged in the shape of a diamond in the horizontal plane. The
geometry of the system is given in the next figure.

Each line was made of a thin steel wire 3780 mm in length. Two lines aehatt toa pointa little forward of

the bow and the other two were attached a little aft of the stern. The two lines at starboard connected to one
vertical pole fixed to the turret of the CPMC (Computerized Planar Motion Carriage). The two port ones
connected to a symmetric pole in the opposite side.

The two poles are aligned with the midship section which is slightly aft of the COG. The points of connection of
the lines with the model are at the same height as the COG to reduce the influence in rdinlines were
almost horizontal.

At each connectioito the poles there was a spring with a constant of 107 NémLC1 and 103.5 N/m for LC2
(values at model scale)

AR | BAR
: o SPRING (K=107hm)
— WIRE

Figurel5. Geometry of the soft mooring arrangement (dimensieat model scale)
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Mooring lines

Figurel6. View of the test setup. The mooring lines are marked in red

Figurel?. 3D model of the test setup.
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Figurel18. Mooring assembly and load cells

The objective of the soft mooring is to be able to measure the drift forces while keeping the orientation of the
model and influencing his motions the minimum possible. To this purpose, the mooring was designed such that
the natural resonance periods in sergsway and yaw were well above the period of the largest wave to be
tested.

The arrangement allows to easily changing the orientation of the model with respect to the waves just by slowly
rotating the turret of the CPMC.

The same arrangement was used fbe added resistance tests in regular and irregular waves by moving the
carriage at the desired speed. In this case it was necessary to make the acceleration phase very smooth with
very low acceleration to reduce as much as possible the excitation obthensoring resonances.

Soft mooring natural periods

The resulting natural periods and damping were measured by means of decay tests. These consisted in
separating the model from its equilibrium position in one of the degrees of freedom and suddenhjingléds

observe its decay motion. An exponentially damped sinusoidal was fitted to the measured motion to obtain the
natural period and nowlimensional damping. An example of this fitting procedure is shown in the next figure
for the case of surge. Thesults are given in the following talsidor both load conditionsAll decay tests are

shown in Appendix 3.
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Figure19. Example of decay test for the soft mooring. Here the surge case is shown.

Table8. Natural periods and nordimensional damping for the different degrees of freedq(inC1)

Table9. Natural periods and nordimensional damping for the different degrees of freedqiinC2)

Decay tests were attempted in all six degreddreedom but for heave resulted impossible due to the large

flotation area.

It can be seen that resulting periods for surge and sway are between 7 and 17 times larger than the tested wave
periods while for yaw these values reduce to between 3 and 6. Sffus/s that the chosen arrangement is

DECAY TEST| Damped period (s) Adim. Damping
SURGE 106.40 0.113
SWAY 110.14 0.131
HEAVE -

ROLL 19.66 0.009
PITCH 12.44 0.154
YAW 48.05 0.132

DECAY TEST| Damped period (s] Adim. Damping
SURGE 96.511 0.113
SWAY 92.467 0.143
HEAVE -

ROLL 11.546 0.031
PICHT 9.08 0.229
YAW 46.492 0.167

better for surge and sway than for yaw.

Instrumentation

For these testshte model was fitted with the following instrumentation:

W A wave probe forward of the model to measure the incoming wave. This measurementieaffy the
wave reflections from the model and therefore the wave amplitude used for the results given later is that
measured in absence of the model during the previous calibration of the waves.
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() An optical tracking system (Krypton) measuring the sixeles of freedom motions.

() Two six component dynamometers one at the bow and one at the stern in the points of attachment of
the mooring lines.

W One load cell on each line.

1 Nine pressure sensors as describe@.ili These were used only for LC1 as in LC2 they where above the
waterline. Pressure sensor no. 3 failed and its replacement was very complicated therefore it was
discarded.

Both the dynamometers and the load cells can be combined separately to givdiffeent estimates of the

surge and sway forces and the yaw moment so giving some redundancy. The results from the load cells gave
similar results to those of the dynamometers except that they are slightly lower due, probably, to friction at the
pulleysused to connect the wires to the springs and load cells. The results shown in the following correspond to
the dynamometers as they are a more direct measurement.

Tablel10. Channel list: DRIFT FORCES LCl1 tests

CODE Description Sensor Sign + Unit
FXQ Longitudinal force Forward kN
FYQ Transversal force 6¢c dynamometer to port kN
MZQ Yaw moment counter colckwise kNm
WAVE |Incoming wave Ultrasonic up m
SURGE |Surge motion of platform Towards bow m
SWAY |Sway motion of platform Towards portside m
HEAVE |Heavy motion of platform . . up m
ROLL |Roll angle of platform Optical tracking system Lean over starboard °
PITCH |Picht angle of platform Bow sink °
YAW Yaw angle of platform Bow towards portside |°

CP1 Pressure sensor 1
CP2 Pressure sensor 2
CP3 Pressure sensor 3 (failed)
CP4 Pressure sensor 4
CP5 Pressure sensor 5
CP6 Pressure sensor 6
CP7 Pressure sensor 7
CP8 Pressure sensor 8
CP9 Pressure sensor 9

Ceramic pressure gauges |Above static pressure [kPa

Tablell. Channel list: DRIFT FORCES LC2 tests

CODE Description Sensor Sign + Unit
FXQ Longitudinal total force Forward kN
FYQ Transversal total force 6C dynamometer To port KN
MZQ Yaw total moment Counter clockwise kNm
WAVE Incoming wave Ultrasonic Up m
SURGE Surge motion of platform Towards bow m
SWAY Sway motion of platform Towars portside m
HEAVE Heave motion of platform Optical tracking system Up m
ROLL Roll angle of platform Lean over starboard °
PITCH Pitch angle of platform Bow sink °
YAW Yaw angle of platform Bow towards portside °

SHOPERBS.4rev0

[29]




SHRA

3.4 Propulsion in Calm Water and Speed Loss in Waves. (Free with

arresting device)
During the propulsion tests the model was g@ibpelled and free running. The course and the speed were kept
by means of a autopilot controlling the rudder and the propeller revolutions. During acceleration and
deceleration ramps, the model had to be restrained by mearendadrrestingdevice. This device consists b
ropes attached to the forward and aft ends of the mbadghe ropes are kept tight hyjeans ofwincheswhile
the sea state is developirand duringthe acceleration andeceleration rampsThe winches automatically slack
the ropes once the carriage reaches the target speed and tight them again just befoiregbrak

Figure20. Arresting device

The channels are described in the following table. Some comments:

- Vxand Vy are the carriage speeds which are maintained constant during the run.

- The propeller revolutions and rudder are contrallso that the model follows the carriage.

- The surge and sway are relative to the carriage position.

- All the 6 dof motions are referred to the model COG.

- The wave sensor was located 394 meters (full scale) forward of the model COG and 96 meters to
starboard This position is relative to the initial position of the model (surge and sway equal to 0), as the
sensor moves fixed to the carriage at a constant speed the relative position to the model will change
continuously during the tests due to surge and swhthe free running model.

- The positions of the pressure sensors are described in the report.

- Pressure sensor number 3 failed and, therefore, the corresponding signal is not included in the files.
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