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Abstract

Themostimportantsu句ectoflogisticsistomakeane飴ctivetransportationof

CargO　and people．Seafarers who areinvoIvedin sea－tranSPOrtation take

responsibility notonlyfor safbty ofoperationsbutalsoforeconomicaland

environmentallyfriendlyoperations・ItisverylmPOrtanttOgraSptheknowledge

Ofreal－timeshippropulsionperformanceonboardinordertooptimizeoperation

andmaintenanceplannlng・ShippropulsionperformanCedeterioratesinservice

because ofincreaseinthe hullresistanCe and deterioration ofthe prope11er

performance caused by the adhesion of sessile organisms onits surface・

However，0nlytherelationshipbetweentheshipvelocityandthesha氏powercan

be directly detected on board・Itisimpossible to divide the propulsion

performanceintotheinmlenCeOfhu11resistanCeandpropellerperformanCeby

the conventional analysIS method．The authors，by carrylng Out mOdel

experimentsinshipmodelbasinandactualshipexperimentsontheFukae－maru

whichisinstalledwith a sha氏torque meter and a sha氏thrust meter，have

developed and proposed a new analyzlng method，Which by numerical

calculations caneStimate，inservice，the hull resistance and the prope11er

PerformanCeindividually．

AccordingtothisproposedmethodofanalyzlngShippropulsionperfbrmanCe

inservice，thehullresistanceperformanCeandthepropellerperformanCeCanbe

graspedindividually；therefore，theprevailing surface condition ofhulland

propellercanbeestimatedcorrectly・Theproposedmethodcanbeusefu1in

makinganeffbctivemaintenanceplan，andtoachievinganeconomicalandan

environmentallyfriendlyoperation．
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l Introductiom

Propellerandhullsurfaceofactualshipsarefouledandtheirrouglmessincrease

inservice，duetovariousCauSeSSuChasdeteriorationofpaintlng，adhesionof

SeSSile organism，CaVitation erosion，etC．Theincrease ofrouglmessinduces

increaseofhullresistanceanddeteriorationofpropellerperformanCe．Bothof

themleadtosameresultsuchasincreaseofpoweranddecreaseofshipspeed．

Therefore，the deterioration of prqpulsion performance cannot be divided

COnVentionallyintoeffbctsofhullandpropeller舟omlogbookdataanalysis．

Anewanalyzingmethodhasbeendevelopedpaylngattentiontotherelation

betweenpropellertorqueandthrustcharacteristics．Thenewmethodcandivide

the propulsion performanceinto the hull performance and the propeller

PerformancebytheanalysISutilizinglogbookdata，Sea－trialdata，PrOPelleropen

Characteristicsandselflpropulsionfactors．

2　Proposedanalysismethod

2．1TypicalconVemtiomalme仙od

Thepropellershafttorquecanbeusuallymeasuredthroughthetorsionalstrain

OrCanbeestimated舟omthespecifiCfuelconsumptlOnandthesha銃revolution

SPeedinactualShipsatsea．Ontheotherhand，thepropellershaftthrustisnot

measuredinnormalmerchalTtShipsbecausethecompressiverigidityofpropeller

Shaliisextremelylargerthanthetorsionalrigidityanditisdifnculttomeasure

thepropellershattthruSt．

ThepropulsionperformanCeOfactualshipatseadeterioratesduetovarious

払ctors，SuChasweather，SeaCOndition，hullfouling，prOPellerfoulingandsoon．

Themonitoringmethodofpropulsionperfbrmancehas basicallybeenbythe

analysis ofLog－datafor relatioI鳩hip between the M／E powerand the ship

Velocity，aSShowninFigurel．Itisimpossibletoinvestigatethee脆ctsofthe

hullresistanceandthepropellerperformanCeindividually・
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Figurel：　Typicalconventionalanalysis．

2・20utlineofproposedmethod

Acertainrelationshipshouldexistbetweenthedeviationofthesha氏torqueand

theshaRthruStOfafouledpropellerfromcleanpropellerperformance．Ifthe

relation between them could be detected properly，the shaftthrust can be
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estimated　録om the measured sha航　torque　in　service andthe propeller

performanceincleancondition，andthenthevariationofpropellerperformanCe

due tothe surfacefouling can be estimated．Therefbre，the variation ofhull

resistanCeisalsoestimated放omthepropellerthruStbytakingintoaccountofthe
thruStdeductioncoefncient．

TheestimationmethodforthechangeoftorqueandthruStthroughthechange

OfdragcausedbythepropellersurfacefoulingwasproposedbyKaizull］，The

methodwasbasedontheevaluationmethodforthescaleeffbctofpropellers

PrOPOSed byITTC1978［2］．SR233［3］also carried out development ofan

advancedmonitoringmethodforshipperformancebyuse ofthe TTTC1978

method．Theestimatedresultsofpropellersurfaceroughnessbybothmethods

agreequalitativelywithactualmeasurementsthatthetorqueinCreasesandthe

thrustdecreasescausedbythesurfacerouglmess，buttherearelargedifftrences

quantitativelybetweentheactualandtheestimationresults．

ThenewanalyzingmethodforpropulsionperformanCeOfactualship has

been developed and proposed by the authors［4］by carrying out ofmodel

PrOPellerexperimentswithvariousartiGcialroughness，numericalcalculations
basedonhydrodynamictheoryandactualshipexperimentsonatrainingship

equippedwiththruStmeaSuringdevice・Theoutlineoftheproposedmethodisas
followsandasshowninFigure2．

Figure2：　ConceptofproposedanalysIS・

Stepl．Tograspcertainrelationshipbetweenthedeviationsofthetorqueand

thethruSt：

Propellerperformanceis estimatedundercleanand severalfouled

conditionsbymodelexperimentsornumericalcalculationsandthe

・relationbetweenthedeviationofthetorqueandthethruStisgrasped
inadvance．

Step2．Toestimatethepropellerperformanceinservice：

ThepresenttorquecoefRcientiscalculated斤ommeasuredtorquein

SerVice，andthepresentthruStCOefncientisestimatedbyuslngOfthe
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relationobtainedinthestepl．Thepresentpropellerperformancein
servicecanbeestimated．

Step3・ToestimatethehullresistanCeinservice：

Thepresenthullresistancecanbeestimated舟omtheprope11erthrust

bytakingintoaccountofthethruStdeductioncoefncient・

2．3EstimationofrotlghnessefFbctsollPrOpel］erperfbrmance

The procedurefor estimation ofrouglmess e脆cts on propeller performance

COnSistsoftwosteps．Tnthe且rststep，theboundarylayercalculationisdonefor

twodimensionalbladesection．Thepropellerbladesectionis．regardedtobe

deformedduetothesurfacerouglmess，aPParentlybythegrowthofathickness

Oftheboundarylayer．Inthesecondstep，thevortexlatticemodel，basedon

l的ing surface theory，is adoptedfor the calculation ofa three－dimensional

PrOPellerperfbrmanCe．

2．3．1BoundaryIayercalctIlationtbrtwodimensioTlalbladesection

YamaguChil5］has developedapredictionmodelfortheviscosityef托cts on

hydrodynamic characteristics of2DhydrofoilandtheFORTRAN77program

PaCkage has been opened as afreeware．The boundarylayer displacement

thicknesscanbeestimatedbythismodel．Theestimationofrouglmesse脆cton
2D blade section can also be carried out by the program，with　minor

mod摘cation．TheprlnCiplesofmodellingandcalculationprocessaredescribed
in［5］andtheauthor’spaperl6］．

2．3．2ThreedimensionalpropcllcrperfbrmaTICeCalculation
The three dimensional vortexlattice modelis usedforthe calculation ofthe

PrOPeller performance．Each blade section ofpropelleris co11Sidered to be

deformed bythe boundarylayer displacement thickness due to the surface

rouglmess．Theefftctsofsurfaceroughnessaretakenintoaccountasthechange
ofcambercurveandbladethickness．

2．3．3Therelationbctweendcviationsofpropellerthrustandpropeller

torqⅦe

TherelationbetweenthedeviationsofthepropellerthruStCOefncientandthe

propellertorque coefficientcanbe graspedby severalcalculations described

aboveatacertainnumberofsurfacerouglmessconditions．

Thevalidityofthepredictionmethodis con甫rmedby acomparisonwith

model experimentSin the author’s previous paper【6］．The principle of

Calculationprocessisdescribedinthepaper，

3　Resultsanddiscussion

Thecalculationandexperimentresultsofapropelleropenperformanceunder
SeVeralfouledconditionsareshowninFigure3．There］ationbetweendeviations

OffouledpropellerperformanCe丘omthatofthecleanpropellerperformanceis

ShowninFigure4withresultsofsimpli鮎dmethodbyNishikawaandLiul7］
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andITTC1978method．ltcanbesaidingeneralthattheproposedestimation

methodforpropellerroughnessefftctispre恍yaccurate．

Figure3：　Experimentresultsoffbuledprope11erperformanCe．

0．002 0．004　　　0．006　　　0．008
△Kq

Figure4：　RelationbetweenAKTandAKQ・

Theproposedmethodfbranalysiswasappliedtotrainingship“Fukaemaru”in

actualservice．Sheis equippedwithtorquemeteraswellasthrustmeter．A

SeriesofspeedtestswerecarriedoutinordertoinvestigatetheefFbctsofhu11

andpropellersurfacefoulingonpropulsionperfbrmance．Theexperimentresults
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andestimationresultsobtainedbytheproposedmethodareshowninFigures5

and6．Asseen，itcanbesaidthattheestimationresultsexplainverywellthe

deteriorationofpropellerperfbrmanceandhullresistance．

Inordertoinvestigateitsapplicationfbrgeneralships，ananalysisofAb－Log

dataofanoceangolngVeSSelwascarriedoutaccordingtothisproposedanalysis

method．TheestimationresultsofpropulsionperfbrmanceareshowninFigureS

7and8．Figure7showstimehistoryfor6years，Withtwodry－dockings，
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Figure5：　PropellerperfbrnlanCeOf“Fukaemaru”inservice・
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Figure6：　Hullresistanceof“Fukaemaru”inservice・

Thepropellerperformancetendsto deterioratereasonablyasthetimepasses

住omthepreviousdockingandtendstorecoverduetocleaningwo止satdry－

dock．But，itisdifnculttoseeacertaintrendofchangesinthehullresistanCe

PerformanCe．Fjgure8Showsallthedataofpropelleropencharacteristicsandthe

hullresistance coefncientrespectively during nrst serviceterm，i．e．inclean
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COnditionbetweenthe start ofservice andthe Grst docking．The estimation

results spread on boththe甫gures．However，thereis a specinc distribution

Pattem，1．e．theadvancedratioespeciallyextendstoawidevaluealthoughthe

measuredtorquedoesnotchangewidely．Thevalueofthedataofshipspeedis

WOnderedabouttheaccuracy．Iftheship speedsdatawouldincludeacertain

error，the analysISreSultsarea飴ctedasshowninFigure9．Anerrorinship

SPeeddatahasagreatinnuenceontheestimationofresults，eSpeCiallyofhull

resistanCe，becausethepresentthrustperformanCeisestimated丘・Omthepresent

torquecoe用cientandtheperformanceofcleanpropeller，andthehullresistance

is obtainedfrom the propellerthrust．It shouldbe stressedthat a ship speed

measurementdeviceisnotgenerallydisputable，howeveritispointedoutthat

thereisanamplescopeforimprovementofrecordingmethodofshipspeedina

logbook h an ordinary way average ship speed during a watch periodis

Obtained丘omtherunningdistancefor4hours．Attentionmustbepaidtothe

factthatashipspeeddataoflogbookincludesasubstantialerrorforpropulsion

PerformanCeanalysIS．
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resistancecoefncient．

4　Concludingremarks

ThenewmethodforanalyzingpropulsionperformanCe，Whichinactualservice

CananalyzetheageddeteriorationofpropellerperformanCeandhullresistanCe

individually，has been described．The methodis based onthe relationship，

graspedinadvance，betweenthedeviationsofthetorqueandthethrustoffouled
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PrOPeller録omthecleanpropellerperformance．lthasbeenconmTned，through

SPeedtestson“Fukaemaru”inactualservice，thatthismethodisabletoestimate

theroughnesse晩cts ofpropellersbycomparisonofexperimentalresultsof

model propeller with artincial rouglmess，and to divide reasonably the

PrOPulsion performanceinto propeller perR〉rmanCe and hullresistance．The

methodwasalsoappliedforAb－LogdataanalysisofanoceangolngVeSSel．The

estimationresultsareinnuencedsignincantlybytheerrorofshipspeeddata．In

Ordertoinvestigatethe applicationofthis methodfor shipsingeneral，itis

essentialtocollectactualdataofvariouskindsofship，SuChasLog－data，Sea－

trialdata，SPeCifiCations，SelfLpropulsionfactors，etC．Sinceitisconfirmedthat

the proposed methodis valid basicatly，authors wouldlike toimprove the
method．
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