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1.0INTRODUCTION

Whileithasbeenthenormalpracticetoconductmodeliceresistancetestsin

IMD'sIceTankandseparatelyconductopenwaterresistancetestsintheTowing

Tank,itremainedaquestionastowhethertheIceTankcouldbeused

successfullyforopenwatertestsgiventhephysicaldifferencesbetweenthetwo
tanks.TheIceTankhasaclearwaterrunlengthofapproximately65meters(m)

withawaterdepthof3mcomparedtothe130mrunlengthoftheTowingTank

whichis7.5mdeep.Bothtanksare12mwide.TheIceTankcarriagehasa

maximumspeedof4m/s.ThemaximumspeedoftheTowingTankCarriageis10

m/s.ButthemajordifferencebetweenthetanksisthatwhereastheTowingTank

containsfreshwatertheIceTankusuallycontainsamixtureofchemicaldopants

forthemakingofmodeliceandisknownasEGADSfromitschemical

constituentsEthyleneGlycol,AliphaticDetergentandSugarinrespective

concentrationsof0.39,0.036and0.04%.Thissolutionhasadensityof1002.5

kg/m3atOoCcomparedto999.0offreshwaterat15°C.Becauseofthisand

possiblechangestotheviscosityandsurfacetensionitwasunknownwhatthe

combinedeffectsofthesewouldhaveonclearwaterresistance,thoughithas

beenshownthattheadditionofdetergenthaslittleifanyeffectonthefluid

frictionfactor(Ref.1).

1993wasaparticularlybusyyearintheTowingTankandtheIceTankundertook

anumberoffreshwaterprojectstoeasetheloadontheothertank.TheIceTank

facilityhasthecapacityofstoringtheEGADSsolution,some4millionlitres,inan

holdingtanklocatedbeneaththewoodworkshop.ThispermitstheIceTankto

useanothersolution,freshwaterforinstance,foranindefiniteperiodwithout
goingtotheexpenseofdiscardingtheoriginalchemicals.Asanexample,in1989

theEGADSsolutionwasstoredforseveralweekswhileextensivetestswere
performedonfreshwatericesheets.Thetransferbetweenthetwotankscanbe

accomplishedinabouthalfadaybuttofillwithfreshwaterortodiscard

altogethertakesapproximately2days.ThustotransferfromtheIceTanktothe

holdingtank,fillwithfreshwater,discardthefreshwater,andtransferbackfrom

theholdingtanktakes5
-6days,-asubstantialamountoftime.Thereisalso

concernforthealignmentofthecarriagerails.Therailsarealignedwithin0.1mm

andchangesinhydrostaticloadingofthetankwallscouldencouragemovement.

Ifitcouldbedemonstratedthatthedifferenceinopenwaterresistancebetween

1
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thetwosolutionswasnegligiblethenthiswouldallowmoreeconomicaluseof

tanktime,eliminatethecostandneedfor4millionlitresofcitywaterand

minimizemovementofthetankwalls.

AnumberofexperimentswereundertakenintheIceTankusingthe1/20scale

modeloftheR-Classicebreaker.Thismodelwaschosenasbeingtypicalofthe

kindofvesseltestedinbothiceandfreshwaterandalsoforthesubstantial

amountoftestdataavailableforbothmodelandfullscale(Refs.2,3,4,5).The

modelwasfirsttestedintheIceTankwhenitwasstillfulloffreshwaterrequired

byotherprojects.ThewaterwasthendisposedofandtheEGADSsolution

broughtbackThissolution,normallyheldatOcCintheIceTankhadwarmedto

aproximately10°Cduringthe2monthsithadbeenstored.Themodelwas

testedintheEGADSsolutionatthistemperatureandagainwhenithadbeen

chilledtoOoCforcomparison.

20EXPERIMENTALPROCEDURES.

The1/20scaleR-Classmodel,number327,wasballastedataleveltrimaccording

totheHydrostaticParticularsinTable2.1withfixedrudder,andfairingcones

attachedtothepropellerbossings.Turbulencestimulators,comprisedofbrass

studs3.5mmdiameter,3.5mmhighataspacingof25mm,wereplacedeitherside

ofthebowparalleltothestemaccordingtoRef.2,5percentaftoftheforward

perpendicular.Themodelwastowedfromitscentreofbuoyancyatmidshipsby

aflexiblelineattachedtoa50IbIntertechnologycantilevertypeloadcellatthe

towpostandcounterweightedbyan8kgmass.Themodelwasrestrainedfrom

yawandswaybygrasshoppersforeandaft.Itwasrestrainedfromsurgingduring

accelerationanddecelerationphasesbyapneumaticclamp.Themodeoftowing

1stheonlyknowndifferenceintestsetupbetweentheIceTankandtheTowing

Tankexperimentwithwhichtestdatawaseventuallycompared.TheTowing

Tanknormallyemploysthejustdescribed“soft”towmethodbut,inthiscase,it

utilisedarigidtowpostandgimbalassembly(Ref.3)sincethetestprogramalso

calledforiceresistanceandmuchhigherexpectedloads.Thissystemrestrained

themodelfromsurge,yawandsway.IceTankcarriagespeedsvariedfrom0.2to

2.0m/scorrespondingtofullscalevaluesof2to17.9knots.Theloadcellwas

sampledatarateof50hz.Atlowspeeds3testrunswereaccommodatedinthe

lengthofthetank,decreasingto1atthehigherspeeds.Theresistancevalues

wereaveragedfromasteadystateperiod.Theexperimentalprocedureswere

thusverysimilartothoseintheTowingTank.

ThemodelwasfirsttestedinfreshwaterintheIceTankwithawatertemperature

of15.90C.Themodelwasthenremovedfromthetankwhilethetankwas
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drainedoffreshwaterandrefilledwiththeEGADSsolutionfromtheholdingtank.

ThemodelwasthentestedasbeforeintheEGADSatatemperatureof10.90C,

andwiththesameballastwithoutattemptingtocorrectforthesmalldensity

differencebetweenthe2solutions(lessthan0.3%translatingtolessthan3kg

displacementforthesamewaterline).However,itwasfoundthatthemode!was

shippingwateroverthebowsathigherspeedsandthefastestspeedhadtobe

prematurelyterminatedduetotheamountofwaterbeingshipped.Itwaslater

foundthatthemodelwas15kgheavierthanatthetimeofthefreshwatertests.

Itisthoughtthatwaterperhapsshippedfromthefirsttestsandalsoleakingin

fromthepropellertubesandconsequentlysittinginthemodelforanumberof

daysmayhavesoakedinandaddedtothemass.Thefreeboardatthebowwas

onlyafewinchesandperhapsthisextramass,andtheeffectofreducedsurface

tensionofthesolutionduetothepresenceofthedetergent,wasenoughtocause

theshippingofwaterathigherspeeds.

TheEGADSsolutionwasthenchilledtoalmostzero.Aplasticsheetcanopywas

fixedoverthebowofthemodeltopreventfurthershippingofwaterandthe

modelwascheckedforproperdisplacementandtrim.Thetestsequencewas

satisfactorilyrepeatedincoldEGADSatatemperatureof0.40C.

3.0DATAANALYSISandRESULTS.

ForthepurposeofthisstudythemodelresistanceresultsfromtheTowingTank

(Ref.4)wereacceptedasthenorm,sincethemodelwastestedatanidenticaltrim

anddraught,andalltheIceTankvaluescomparedagainstthis.Thesevalues,

correctedforanyzerooffset,arelistedinTable2.TheTowingTankvalueswere

retrievedfromIMD'sdatabaseandrepresentresultsfromoneseriesoftests.

ThesevaluesarecomparedwiththoseobtainedfromthethreeIceTanktestsin

Figure1.TheSpecificTotalResistanceCoefficient(CTM)wasplottedagainstthe

FroudeNumber(FN)foreachoftheIceTanksolutionsattheirtesttemperatures

andalinefairedthroughthedatapoints.TheseareplottedinFigure2withthe

TowingTankcurvewhichhadalreadybeendetermined.Fromthefiguresthere

doesnotappeartobeamarkeddifferencebetweenthetwotanksforfreshwater.

Therewas
aslightincreaseinmodelresistanceinwarmEGADSatthehigher

speedswhichcouldbeinpartduetotheshippingofwaterandconsequentdown

bythebowattitudeofthemodel.ResistanceinthecoldEGADSwasalmost

uniformlygreaterovertherangeofspeed,probablyduetothetemperatureeffect

ontheviscosityanddensityofthesolution.

ThedatawasanalysedaccordingthestandardITTC1957methodandFigure3

showstheCTMcurveswhenthedatahasbeencorrectedtothesame
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EGADScurvesdivergeslightly.Thisdivergencecouldbeduetothelinefairingof
therawdata,ormaydemonstratearealbutsmalldifferenceinthesolutionsTo

tryandresolvethis,additionalCTM(15)curvesfromtheTowingTankbyMeshand

SimôesRé(Ref.5)andtheoldOttawatankbyMurdey(Ref.2)werethendrawnin

Figure4.TheMeshdataoverliesthepreviouscurvesobtainedfromthemodelin

freshwaterwhilethedatafromMurdeyliesbetweenthefreshwaterandthe
EGADS.Bothoftheseothermodeltestswereconductedwiththemode!ina

trimmedbythesternconditionandthemodelinOttawahadadifferentsurface

coating.Thesedifferencesmighthaveaslightinfluenceonthetestresults.

Finally,Figure5andTable3,showtheresultsofthefullscalepred'ctionof
EffectivePoweragainstship’sspeedoralldatasetswithcorrectionsforbockage.

Allthepointsappeartolieverycloselytothesameline.Comparingdatapoints

fromthe5curveswiththeTowingTankdata,acceptedasastandard,thoseof
MeshandSimGesRéandthosefromtheIceTankfreshWaterareatanaverageof

2%fromtheTowingTankdata.TheColdEGADSisw'thin4%,andWarmEGADS

at4%withthosefromOttawaalsoat4.0%.

4.0CONCLUSIONS.

TheIceTankfreshwaterresultscomparefavourably(within2%)withthetest
resulsfromtheTowingTank.Thereappearstobeasomedifference(4%)when

testedinEGADSsolution,butpartofthisdifferencecouldbeduetothedifference
inmodeldisplacementof15kg(1.5%).Therefore,basedonthisseriesoftests,

theeffectsofEGADSonopenwaterresistanceremaininconclusive.Analysisof
otherdatamayclarifythisissue,butforthetimebeingitisconcludedthat

experimentstodetermineopenwaterresistanceintheicetankshouldbecarried

ouinfreshwater.

5.0REFERENCES.

1.ones,G.,HChafeandB.Winsor,"PipeFlowExperimentwithFluidCircuit

Apparatus",NRC/IMDreportLM-1993-07,February1993.

2.Murdey,D.C.,"ResistanceandPropulsionExperimentswithModel327-1and

Propellers66Land66R",NRC/MarineDynamicsandShipLaboratoryreport
LTR-SH-269,March1980.
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TABLE1

HYDROSTATICPARTICULARSFOR1:20R-CLASSMODEL327

LENGTHBETWEENPERPENDICULARS(LPP),m

LENGTHONWATERLINE(LWL),m

WATERLINEBEAMATMISDHIPS,m

WATERLINEBEAMATMAXIMUMSECTION,m

MAXIMUMWATERLINEBEAM,m

DRAUGHTATMIDSHIPS,m

DRAUGHTATMAXIMUMSECTION,m

MAXIMUMDRAUGHT,m

DRAUGHTABOVEDATUM,m

MAXIMUMSECTIONFORWARDOFMIDSHIPS,m

PARALLELMIDDLEBODY,FROM,AFTOFMIDSHIPS,m

TO,FORWARDOFMIDSHIPS,m

AREAOFMIDSHIPSTATION,m?

AREAOFMAXIMUMSTATION,m?

CENTREOFBUOYANCYFORWARDOFMIDSHIPS(LCB),m

CENTREOFAFTBODYBUOYANCYFORWARDOFMIDSHIPS(LCB),m

CENTREOFFOREBODYBUOYANCYFORWARDOFMIDSHIPS(LCB),m

CENTREOFBUOYANCYABOVEDATUM,m

WETTEDSURFACEAREA,m?

VOLUMEOFDISPLACEMENT,m3

DISPLACEMENTOFFRESHWATER,kg

CENTREOFFLOATATIONFORWARDOFMIDSHIPS(LCF),m

C.OFFLOATATION(AFTBODY),FORWARDOFMIDSHIPS(LCF),m

C.OFFLOATATION(FOREBODY),FORWARDOFMIDSHIPS(LCF),m

AREAOFWATERLINEPLANE,m2

TRANSVERSEMETACENTRICRADIUS(BM),m

LONGITUDINALMETANCENTRICRADIUS(BML),m

C.OFAREAOFPROFILEPLANEFORWARDOFMIDSHIPS(CLR),m

C.OFAREAOFPROFILEPLANEABOVEDATUM,m

AREAOFPROFILEPLANE,m?

4,397

4.691

0.970

0.970

0.970

0.358

0.358

0.358

0.358

-0.196

0.196

-0.034

0.318

0.318

0.007

-0.825

0.832

0.201

5.476

0.994

992.6

-0.014

-0.981

0.966

3.641

0.238

4.753

-0.005

0.185

1.459
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TABLE2

SummaryofOpenWaterResistanceValues

Model:327

Draft(fore&aft)0.358m

WettedSurface:5.476m?

WaterlineLength:4691m

Vm=ModelSpeed(m/s)

N
=ModelResistance(Newtons)

aerareIceTankFE∣⊤Warm
aa

Cold

Meuse
|

PEER

loss|18|
loss|30|

|0.87|sim_|

|o.69|6.6|
|0.80]9.4|
|0.92|

a49

⋅⊡
57

⋅

57|5.0|
|7.2.

0.800.80

so|9.8|

12.3
|12.2|

12.3
|13.0|

15.2|1.03]15.2|1.03{15.2|1.03|16.1|

18.9|2.a5|
17.9|115[16.5|1.15|19.9|

|1.26|23.0|1.26|22.3|1.26]241|
[1.27]26.8|1.37]28.0|1.37|28.0|
[1.40]33.2|2.49]32.6|1.49|33.5|

|1.60
[1.60]

39.2|1.60]41.3|
|49.2||50.0|
|53.9|[|56.4|
|66.1||70.2|

1.03

1.15

1.26

1.37

1.49

1.60

1.72

1.76

1.83

1.89

1.95

29.1
|

1.72]40.1|2.72|2.72|
[1.75]52.4|2.75)|2.76|

68.o|1.03]65.9|1.82]
66.1|1.63]

70.2

79.8|1,69]84.8|1.08]81.5|3-89]84.0|

07.8|1.9a[97.2|s.04[98.3|2.05]103.4|

110.2|a.99]113.4|1.99[114.3|2.00[116.7|

133.6|2.05[128.5|2.05[240.0|2.06[133.0|

mJ
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TABLE3

SummaryofPredictedShipResistance

Model:
Draft(fore&aft):

CorrelationAllowance:
WaterTemperature:
WaterSalinity:

WettedSurface:
WaterlineLength:

327
0.358m

0.0004
15.00C

35%o

5.476m2

4.691m

Fn=FroudeNumberbasedonwaterlinelength,V/V(gLWL)

ModelShip
SpeedSpeed

EffectivePower,PE(KW)

tow/Tank|1.7.£/w|w.rcans|c.EcADs|
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