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I. INTRODUCTION

Thepredictionofthetotaldynamicpressureactingonthehullofa ship
operatinginwavesisofpracticalimportanceinthedesignofshipstructures
and,byextension,inthesettingofdesignstandardsandrulesforbuildingand
classification.mealdynamicpressuresona ship’shullinwavescanfar
exceedthestatichead.Asa result,theseloadscandeterminethesafetyof
thehullagainstlocalplatingdamage,orfailureofshellpanelsbetweenweb
frames.Ultimately,rationalstructuraldesignandeffectivedesignrules
shouldincludeanaccurateestimationofthedynamicpressureatvariousloca-
tionsontheship’shull.

Thisreportdealswiththeresultsofanexperimentalstudyofdynamic
pressures.Theprincipaltaskof theworkdescribedherewastoobtainexperi+
mentalpressuredatafrommodeltestsontwovessels,namely,theSL-7class
containership,andtheGreatLakesself-unloaderStewartJ.Cert.. —

II. BACKGROUND

Generally,thetotalpressureactingatanypointonthehull
movingthroughwavesmaybeattributedtoa numberofcomponents.

ofa ship
Undera lin-

earhypothesis,thefollowingcomponentsareassumedtobeadditive:

1. Statichead.
2. Pressureduetosteadyforwardmotion.
3. Pressuresdueto the incidentanddiffractedwaves.
4. Pressureduetothevessel’smotionsinresponsetothewaves.

Intheexperimentsdescribedhere,measurementswereconfinedtothetime-de-
pendentcomponentsofpressure,namely,thelattertwocomponentslistedabove.
(Thelastcompnent,thepressureduetotheresultantmotions,normallyin-
cludeslammingandimpactpressures.Theseoftenaresubstantial.However,for
thetestsdescribedinthisreport,themotionswerepurposelykeptsmallso
thattheresultscouldbecomparedwithlineartheorypredictions.)

Itispossible,ofcourse,tomeasurethetotalpressureina singleex-
periment,byrunningthemodelinwaves,freetoheaveandpitch.Infact,this
straightforwardprocedureallowsthemostdirectcomparisonwithcertaincompu-
tedresults.Italsopermitsdirectcomparisonwithfull-scaleexperimental
data,ifthisisavailable.Thisparticularconfiguration,wherethemodelis
freetoheaveandpitch,accountedforapproximately80%ofthetestrunsde-
scribedinthisreport.

Forpurposesofdevelopingpredictivetechniquesthatwouldbeusefulfor
designstandardsovera widerrangeofvesseltypes,speeds,andhullforms,it
mightbemostvaluabletoseparatethecomponentsofdynam$cpressureattheex-
perimentallevel.Inthisway,theseparatecomponentscouldbeestimatedfora
particularlocationonthehull,andfora particularwave-lengthandamplitude,
andthenaddedaccordingtolineartheory.Statichead,ofcourse,iscalcula-
tedtrivially,whilethesteadydynamicpressureduetoforwardspeedcanbees-
timatedusingslender-bodytheory.Ingeneral,however,thesesteadycomponents
aresmallerthanthetime-dependentpressures,Pressuresduetotheincident
anddiffractedwavescanbeindependentlyaddressedbyusingsuchmethodsas de-
scribedbyFaltinsen(1971),Troesch(1976),andBeckandTroesch(19g01.
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Finally,withreleventinformationonshipmotions,togetherwithexperimental
determinationsofpressuredistributionsresultingfromforcedmotionsinthe
absenceofincidentwaves,thecomponentsofdynamicpressureduetoheaveand
pitchcouldbeestimated.

A limitednumberoftestswereconductedusingtheSL-7modelwiththepri-
marygoalbeingtoinvestigatethedifferentpartsofthetime.dependentpres-
sure.Typicalexperimentsaimedatseparatingthecomponentsoftotaldynamic
pressurecanbebrieflysummarizedasfollows:

1. Pressuresduetotheincidentanddiffractedwavescanbemeasuredby
holdingthemodelfixedinbothheaveandpitchwhileoperatinginwaves.Ide-
ally,thisexperimentcanbeperformedovera rangeofheadingangles,frequen-
cies,andspeeds(includingzerospeed). Inthecaseofexperimentsconducted
ina normaltowingtank,however,theexperimentislimitedforpracticalrea-
sonstotheconsiderationofheadseaswithsomeminimumforwardspeednecessi-
tatedbythedesiretoavoidtankreflections.Sucha kest,withthemodelre-
strainedfromheaveandpitch,iscommonlyreferredtoasthe“diffraction”or
~’scattering”experiment.

2. The pressurecomponentarisingfromshipmotionscanbeseparatelyin-
vestigatedbyforciblyoscillatingthemodelineitherheaveorpitchwhilerun-
ningatsteadyforwardspeedintheabsenceofincidentwaves.Thisprocedure,
inwhichtheonlywavespresentarethoseradiatedbytheoscillatingship,is
usuallyreferredtoasa “forcedoscillation”or,moreinformally,a “shaker”
test.

Experimentsofboththesetypes,togetherwithtestsofthemodelfreeto
heaveandpitchwithincidentwaves, inheadseas,havebeenconductedinthe
courseofthiswork.Thesetesttechniqueshavebeenusedsuccessfullyinthe
past,principallybyJapaneseresearchers,asdescribedinFujiiandTakahashi
(1974),Nakamura,Saito,andAsai(1974),andMatsuyama(1975).Abstractsof
theseJapaneseworksareincludedinanappendix.Theworkreportedherecon-
stitutesanextensionofthesemethodstohigherFroudenumbers(inthecaseof
theSL-7),andtohighervaluesofshiplengkh/wavelengthandblockcoefficient
(fortheCort).

Asa secondaryobjectiveofthiswork,considerationwasgiventotheneed
forfurtherexperimentalworkaimedatextendingthesemethodstoobliqueseas.
Toa certainextent.,thisworkhasalreadybeendone.A comparisonbetween
theoreticalpredictionsandexperimentalresultsforobliqueseas,drawnfrom
Japanesework,ispresentedinMatseyama(1975),Sugai,et.al.(1972),and
Caretti(1980).Summariesoftheseandotherrelevantworksareincludedinthe
Appendix.Thenextsectionsdealprimarilywiththeexperimentalapparatus,
testprocedures,data-reductiontechniques,andresultsofkhehead-sea,dif-
fraction,andforced-oscillationtestconductedinthetank.
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III.EXPERIMENTALAPPARATUSANDTECHNIQUES

A. TowingTankandWavemaker

TheUniversityofMichiganDepartmentofNavalArchitectureandMarine
Engineeringmaintainsa towingtankof190.7xn(360ft)inlength,approximately
6.7m(22ft)wideatthenormalwaterline,and4.3m(14ft)deep.Thetowing
carriageiscapableofspeedsupto4’.88m(16ft/see),andmodelsUPtO9~lm(30
ft)inlengthhavebeentested.

A verticallyoscillatingwedge-shapedsteeltankisinstalledasa wave-
maker.Itishydraulicallyactuated,andgivesacceptablylinearresponseover
a wavelengthbandfrom0.9to5.5m(3to18ft),withwaveheightsuptoapprox-
imately0.15m(0.5ft),dependingsomewhatonthewavelengthinvolved.Inputto
thehydrauliccontrolsystemisfromanoscillator,fornominallysinusoidalreb
gularwaves.Alternatively,ramdomwavescanbegeneratedusingprerecorded
inputderivedfroma givenseaspectrum.Inthetestsdescribedhere,regular
seasweregenerated.

B. Forced-OscillationMechanism

Theforced-oscillationdevicewasdevelopedinconnectionwithrecent~S-
supportedexperimentalwork.Thedeviceiscapableofforcingoscillationin
eitherpitchorheave.Themechanismiselectricallyactuated,withfrequency
controlledbyvaryingthespeedoftheelectricdrive.Theamplitudeoftheim-
pressedmotioncouldbevariedbydiscreteincrements,usinga scotchyokemech-
anism.

c. Models

ThemodelsusedinthisstudywerethoseoftheSL-7classcontainership
andtheGreatLakesbulkcarrierStewartJ.Cert.Thesevesselsrepresental-. —
mostdiametricallyoppositecombinationsofhull-formcharacteristicsandspeed.
Dimensions,weights,hull-formcoefficients,andpitchgyradiiEorthetwoships
andtheirmodelsareshowninTablesI andTIfortheSL-7andCort,respective-
ly. BodyplansofthetwoshipsareshowninFigs.1and2. ~Vrame spacing
oftheCortislistedinTable111.

TABLEI:SL-7 HullParticulars

LOAm(ft)
LBPm(ft)
Beamm(ft)
Draft@ LCFm(ft)
Trimbysternmm(ft)
LCGAftof~m(ft)
DisplacementMT(LT)
PitchRadiusofGyration

SHIP

288.5(946.6)
268.4(880.5)
32.16(105.5)
9.94(32.6)
43.0(0.14)
11.7(38.4)
48364(47500)
0.21 LBP

MODEL

3.607[11.83)
3.355(11.01)
0.402(1.319)
0.124(.408)
0,53(0.0018)
0.146(.480)
0.0945(.0928)
0.21 LBP



TABLE11: S.J.CORT HullParticulars

SHIP

LOAm(ft)

LBPm(ft)

Beamm(ft)

DisplacementMT(LT)

LCG(~@ LOA/2)m(ft)

Draft(@~)m(ft)

Trimm(ft)

PitchRadiusofGyration

FULLLOAD

304.8(1000)

301.4(989)

31.9(104.6)

69,500(58,259)

1.4.9(4.9)fwd~

7.85(25.75)

0.0
0.249LOA

MODEL

LIGHTBALLAST

304.8 (1000)

301.4 (989)

31.9 (104.6)

38,981(38,285)

12.7(41.8)aft~

4.52(14.82)

3.5(11.4)bystern

0.266LOA

LOAm(ft)

LBPm(ft)

Beamm(ft)

DisplacementMT(LT)

LCG(~@ LOA/2)m(ft)

Draft(@})m(ft)

Trimm(ft)

PitchRadiusofGyration

FULLLOAD

4.57(15.00)

4.52(14.83)

0.478(1.57)

0.2346(.2304)

0.022(0.074)fwd~

0.188(0.386)

0.0

0.249LOA

LIGHTBALLAST

4.57(15.00)

4.52(14.83)

0.478(1.57)

0.1316(.1292)

0.191(0.627)aft~

0.068(0.222)

0.052(0.171) by stern

0.266LOA



TABLE III: S.J. CORT Frame Spacing

FRANES SPACING M( f’c)

FWD Stem to Station O

FP(0) - 13

13 - 18

18 - 20

20 - 21

21 - 128

128 - 129

129 - 153

153 - 154

154 - 159

159 - 160 (Transom)

AP is at Fr. 155

0.610 (2.0)

0.610 (2.0)

0.914 (3.0)

1.067 (3.5)

1.219 (4.0)

2.438 (8.0)

1.219 (4.0)

0.914 (3.0)

0.762 (2.5)

0.610 (2.0)

0.457 (1.5)

Pressure tap locations for the SL-7 and Cort models are given in Tables IV

and V, respectively. Invoking the symmetry associated with the hull form and

head sea conditions, pressure tap locations were not duplicated on both sides;

26 taps were fitted on the SL-7 model, 24 on the Cert.

D. Instrumentation

1. Pressure Transducers

Normally, on each run only 6 to 8 of the available pressure taps were ac-

tive. This limitation was imposed by the number of available channels for data

recording and the number of working pressure transducers. As a result, each

speed and wave length condition was repeated three times in order to get a com-

plete set of data from all taps. The pressure transducers were of the standard

semi-conductor type, Kulite Semi-conductor model XC S- 190. The pressure tap dia-

phragm diameter was 3.86 nun (0.152 in) . Signal conditioning of the pressure tap

output was performed by Honeywell Accudata 218 gauge/control amplifiers.

2. Heave and Pitch Measurements

For the free runninq tests, the heave displacement was measured by a linear

voltage differential transformer (LVDT) attached to the heave staff. The pitch

rotation was measured by a rotary VDT at the model attachment point. For the

forced-oscillation tests, both heave and pitch were measured by r.VDT>s attached

to the driving mechanism.

3. Wav= Probe

A sonic wave probe, Wesmar Ultrasonic Level Monitor Model LM 4000, was fit-

ted under the forward end of the towing carriage, approximately 1.83 m (6 ft)

ahead of the model.

4. Data Recording

An analog tape recording system (Honeywell 5600 C ) was fitted on the towing

carriage for these tests. For free hea”e and pitch tests, the data channels re!-
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Tap

No.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

TABLE IV: Pressure Tap Locations on S1.-7

(Dimensions are for full-scale)

(See Figures 209 and 210)

Station

(Sta. 20 = FP)

18

17

16

15

15

15

15

14

14

13

13

13

13

12

10

10

10

10

7

7

5

5

5

5

3

3

WL m( ft)

(Dist. above B)

0.0

0.0

0.0

0.0

2.03(6.67)

4.07(13.37)

7.11(23.33)

0.0

4.07(13.33)

0.0

1.00(3.30)

4.06(13.33)

7.11(23.33)

0.0

0.0

4.06(13.33)

7.11(23.33)

0.0

4.06(13.33)

0.0

4.06(13.33)

7.11(23.33)

0.0

4.06(13.33)

Butt m( ft )

(Dist. off C)

0.0

0.0

0.0

0.0

0.0

0.0

-.

0.0

0.0

8.12(26.67)

0.0

0.0

8.12(26.67)

0.0

corded included heave, pitch, incident wave, and a maximum of 7 .Pressure readi-

ngs. For diffraction tests, only the incident wave was required, leaving 8

channels free for pressure records. Similarly, in the forced-oscillation tests,

the impressed motion was recorded, leaving 8 channels for pressure.

In addition to the analog tape, oscilloscope displays of all recorded

tracks and a strip chart of the incident wave were taken during each run in or-

der to facilitate preliminary analysis of the data, spot experimental or system

problems, and provide guidance for further runs.

E. Test Procedure

zach run Cr)nsisted Qf three phases : a mechanical calibration, voltaqe cal -

.ibrati.on, and the actual wave, pressure and motion responses. In the mechanical

c.i?.i“nra~.ion, the model. was .di.sptaced vertically by 2. 54 cm (1 in) . This dis-

,piacecwn’c provided outpnt calibration signals for both the pressure transducers

and the LVDT r s . For free runni.ncj tests the model was also trimmed 5.08 cm

~2 in) to caiibrate the WDT.
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TableV: PressureTapIacationsofS.J.CDRT

Tap
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

(Dimensionsare
(SeeFigures

LongitudinalTacaticmm(ft)
(Dist.aftF.P.)

6.1(20)
6.1(20)
6.1(20)
14.6(48)
14.6(48)
14.6(48}
14.6(48)
36.6(120)
36.6(120)
36.6(120)
36.6(120)
76.2(250)
76.2(250)
76.2(250)
76.2(250)
115.8(380)
158.5(520)
158.5(520)
158.5(520)
195.1(640)
234.7(770)
234.7(770)
234.7(770)
274.3(900)

forfullscale)
211 arkd 212)

WLm(ft)
(Dist.aboveB)

0.0
2.49(S.16)
5.50(18.06’)

0.0
0.0

2.49(8.16)
5.50(18.06)

0.0
2.49(8.16)
4.02(13.19)
5.50(18.06)

0.0
O*O

2.49(8.16)
5.50(18.06)
5.50(18.06)

0.0
2.49(S.16)
5.50(18.06)
5.50(18.06)

0.0
2.39(7.81)
5.50(18.06)
5.50(18.06)

Butt.m(ft)
(Disk.offC)

0.0

0.0
7.42(24.33)

O*O

.-
0.0

13.55(44.44)

0.0

0.0

‘Shevoltagecalibrationconsistedsimplyoftherecordingofa knowninput
voltagedirectfroma powersupply.

Themotionandfixedtestswereconductedin,regularwaves.Theforced
oscillationtestswererunwiththeshakermechanismoperatingata numberof
frequenciessimultaneously.Thissortoftransienttesttechniqueisdescribed
byTakezawaandHirayama(1976).
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Iv. DATAREDUCTIONTECHNIQUES

Thebasicmethodsusedtoanalyzetheexperimentaldataaregivenby
Troesch(19S0).A briefexplanation,togetherwithsomedetailsoftheappli-
cationofthesemethodstothepresentexperiments,willbegivenhere.

Typically;modeltestsofvesselmotionsorotherrelatedresponsesare
conductedovera rangeoffrequencies,thewaveinputforeachrunbeingassumed
sinusoidal.Bymeasuringtheamplitudesoftheinputandresponse,theordinate
oftheresponseamplitudeoperatoratthenominalfrequencycanbedetermined.
Thismethodisbasedonanidealizedabilitytogenerateregularsinusoidal
wavesinthelaboratory.

Infact,itisnotpossible,eveninprinciple,togeneratefinite-amplitude.
sinusoidalwaves.Thepresenceofhigherharmonicsisunavoidable,duetothe
nonlinearfreesurfaceboundarycondition.Then,too,anynoiseormechanical
nonlinearityinthewavemakeritselfwillobviouslyintroducefurtherfrequency
content.Tocircumventtheproblemsassociatedwiththenearlysinusoidalwaves,
thewavemakerwasturnedonforonlya shortperiod.A periodlongenough
togeneratea packetoftentotwelvecrests.Inthecaseofthisfiniterecord,
itispossibletoapplya Fast“Fourierfrequencydecomposition,”whichisa
discreteFouriertransform.Ineffect,thefrequencydecompositionisanalogous
toanextremelynarrow-bandedspectrum.

Withsuchfrequencydecompositionsofboththeresponseandinputfora
singlerun,theresultisinformationonthetransferfunctionovera certain
narrowfrequencybandaroundthenominalfrequency.Theobviousadvantageof
thismethodisthattheover-allshapeofthetransferfunctioncanbedeter-
minedwithfewerruns.Inaddition,intheneighborhoodofresonance,wherethe
transferfunctionmaybequitesharplypeaked,thismethodreducesthepossibil-
ityofmissingtheactualpeak,andthereby~derestimatingthemaximumvalueof
thetransferfunction.Thisprocedurewasusedintheanalysisofboththe
scatteringtestsandthefreeheaveandpitchtests.Anexampleofthetypeof
dataproducedfromthistechniqyeisshowninFigures119and120.Theside
bandfrequencypointsaredenotedby“a”.

SimilarFouriertransformmethodswereemployedintheforcedoscillation
test.Oneachrun,a slowfrequencysweepwasmadewiththeshakerdevice’s
motorcontrol,thusprovidinganeffectivewidebandinput.Thesucces”sof
thistypeoftestinghasbeendemonstratedbyTakezawaandTakekawa(1976).
Signal-conditioningtechniquesandtheFastFourierTransformalgorithmwerethe
sameasusedinthewavetestsdescribedabove.
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v. EXPERIMENTALRESULTS

ThetestmatrixforthetwomodelsisshowninTableVI. Forthemotions
testwherethemodelwasfreetoheaveandpitch,theCortwastestedatfull
loadandballastconditions,attwospeeds,andateig~ave lengths.TheSL-7
wastestedatonlythefullloadcondition,butranatthreespeedsineight
wavelengths.

TABLEVI: ModelTestConditions

SL-7

v/~P

ShipLength/WaveLength

S.J.Cort(BallastandFUllLoad)

v/-

0.15, 0.23, 0.32

0.60, 0.75, 0.90, 1.05, 1.20,
1.35, 1.50, 1.65

0.100, 0.132

ShipLength/WaveLength 1.00,1*28, 1.88, 2.58, 3.49, 4.41,
5.55, 6.54

Theforcedoscilla~ionanddiffractedtestswereconductedontheSL-7
atonespeedandthevariouswavelengths.Duetobudgetaryrestrictions,only
thepressuretapsintheforwardhalfofthemodelwerefittedwithpressure
transducers.Theremainderofthetapswerepluggedtoavoidproblemsassocia-
tedwithleakage.

Thevaluesofmodelspeedsandencounterwavelengthswereselectedtore-
flecttheoperatingenvironmentofthefull-scalevessel.FortheCort,this
impliedlowspeedsandshortwaves.TypicalwavelengthsontheGr=Lakes
seldomexceed152m(500ft). Consequently,mostoftheshiplengthtowave
lengthratiosthatareofinterestaregreaterthan2.0.TheSL-7representsa
classofocean-goingvesselsthattravelatrelativelyhigherspeedsandencoun-
terrelativelylargerwaves.

Theactualtestresultsarepresentedinthefollowingfigures.Inall
cases,exceptwherenoted,thepointsrepresentunfaireddata.(Thepointsare
connectedbystraightlinesegmentsforvisualeffect).Thenormalizedquanti-
tiesdisplayedarethepitch,heave,andpressureamplitudes,allplottedas
functionsofshiplengthtoincidentwavelength.Heaveisdefinedasthever-
ticaldisplacementofthemodelmeasuredatmidship,andpitchastheangular
rotationaboutanaxislocatedattheintersectionofthewaterplaneandthe
midshipstation.

Thefollowingnon-dimensionalschemewasused:

i) Heaveresponseamplitudeoperator(RAO)

9



heaveamplitude
Heavecoef.=

incidentwaveamplitude

ii) Pitchresponseamplitudeoperator(RAO)

(amplitudeofpitchrotationinradians)x (LBP/2)
Pitchcoef.=

incidentwaveamplitude

iii) Pressureresponseamplitudeoperator(RAO)resultingfrommotionsin
incidentwaves

Pressurecoef.=
pressureamplitude

(waterdensity)X (gravitationconstant)x (incidentwave
amplitude)

iv) Pressureresponseamplitudeoperator(RAO)forthemodelfixedin
incidentwaves.Thepressurecoefficientisthesameasthat
describediniii)

v) Pressureresponseamplitudeoperator(RAO)forthemodelinforced
heave

Pressurecoef.=
pressureamplitude

(waterdensity)x (gravitationconstant)x (heave
amplitude)

vi) Pressureresponseamplitudeoperator(RAO)forthemodelinforced
pitch

Pressurecoef.=
pressureamplitude

(waterdensity)x (gravitationconstant)x (vertical
displacement)

Theverticaldisplacementistheverticalamplitudeofmotionofthe
particularpressuretapinquestionwhenthemodelisforcedtopitch.
Itisequaltothepitchrotationinradiansmultipliedbythelongi-
tudinaldistancefromthepressuretaptomidship.

vii) )?roudenumber

shipvelocity
Frl= /LBPx gravitationconstant

AIIofthelength,mass,andtimequantitiesintheabovecoefficients
shouldbeexpressedinconsistentunits.Forexample,iftheheave
amplitudeisgiveninmeters,thentheincidentwaveamplitudeshould
alsobegiveninmeters.
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Figures3 through8 showtheheaveandpitchRAO’BfortheSL-7.Figures
9 through16showtheheaveandpitchRAO’SfortheCert.Formostoftheship
lengthtowavelengthratiosofinterest,theCorte~iences verylittleheave
orpitchmotions.

Figures 17 through94displaythepressureRAO’Sforthevariouspressure
tapsontheSL-7model.TableIVliststhevarioustaplocations.Thetrends
showninthegraphsgenerallyagreewiththosepublishedbyNakamura,et.al.
(1974).

Figures95through162shownthepressureRAO’Sforthepressure‘capson
theCert.TableV liststhetapnumbersandtheircorrespondinglocations.As
mentionedinthesectionondatareductiontechniques,Figures119and120in-
cludethepointsthatrepresentthesidebandfrequencies.Thesepointsarede-
notedassquares.ThelightballastconditionfortheCortexpseda numberof
tapstotheair,eitherinstillwateror duringtherunsinwaves.Thisre-
sultedinpressurerecordsthatwereofquestionableuse. Onlythetapsthat
remainedsubmergedthroughouta particularrunarepresentedhere.

Figures163 through177showthepressureRAO’Sforthesetofexperiments
wheretheSL-7wasfixed.Thistestmeasurestheeffectoftheincidentand
diffractedwavepressures.

Figures 178 through200showthepressureRAO’Sresultingfromforcedheave
andpitchmotionsoftheSL-1’.Theoscillatordrivemechanismstartedfromrest
andsweptthroughthefrequencyrangeduringa singlerun. Thistransienttest
techmiquehasbeendescribedindetailbyTakezawaandHirayama(1976)and
TakezamaandTakekawa(1976).Becauseoftheirregularnatureoftheinpue
signal,andthecorrespondingscatteroftheoutputsignal,thetestresults
werefairedbeforeplotted.Thelevelofvariationofthetestresultsoverthe
shiplengthtowavelengthrangewaslessthan10%.

Figures201 through204showrepresentativelinearitychecksontheSL-7
pressureRhO’s.Figures205through208showsimilarchecksfortheCert.The
nominalwaveheightusedduringtheregulartestswas2.54cm(1inch).Forthe
linearitychecks,thewaveheightwasincreasedtoapproximately5.08cm(2
inches). Thesepointsarerepresentedassquares.Fromthetestsitappears
thatpressuresonornearthekeelorpressuresonafterstationsfollowa
linearscalinglaw.However,thelinearitychecksforforwardstationsnearthe
freesurfaceindicateanamplitudedependenceonthepressures.

Whileitisdifficulttopreciselyidentifythesourceofscatterthatis
apparentinmostoftheplots,certaingeneralstatementsmaybemade.Onthe
average,thepressureandmotiontransducerswerelinearandrepeatabletowith-
in1%. Thiswasverifiedthroughbenchtestsintheelectronicsshopwhichis
adjacenttothetowingtank.Thetransducerswererecalibratedbeforeeveryrun
bythemechanicalcalibrationprocedureasdescribedearlierinthesection
labeled,“TestProcedure.”Inthelaterstagesoftheforcedoscillationtests
ontheSL-7itwasdiscoveredthattherewasa standingwaveinthetankwitha
periodofapproximately40seconds.(Thesewerethelastseriesoftestsrunin
theproject.)Theamplitudeofthestandingwavevariedoverthelengthofthe
daybutneverseemedtoexceed2.Omm(0.08in)inamplitude.Sincethemechani-
calcalibrationbeforeeachrunprovidedthegainfactorforthatparticularrun~

11



theexperimentalresultsreflecta biasintroducedbythestandingwave.The
levelandsignofthebiasdependsupontheamplitudeofthestandingwaveand
thelocationofthewavecrestduringtheactualcalibration.Asa consequence,
thestandingwavewasresponsibleforintroducinga f scatterinthedata.The
sonicwaveprobewascalibratedthreetimesduringtheday- inthemorning,at
mid-day,andintheevening.Overthisperiod,therewasa slightzerodrift,
ontheorderofanequivalent1.3mm (.05in)ofwater,butvirtuallynogain
change.(Sincetheexperimentsweredesignedtoinvestigatetimedependent
phenomenonduringa runofapproximately30seconds,thissmallzeroshifthad
noeffectontheresults.)Theheavestaffthatprovidedthetowforceforthe
modelhaslinearrollerbearingsthatintroducedsomefrictionaldamping.How-
ever,thiswillonlyinfluencetheheavemotionsaroundheaveresonance.This
couldhavebeena problemforsomeofthelongerwavelengthsthattheSL-7was
testedin,butshouldnothaveeffectedtheCortsincethatmodelsawlittle
heaveexcitation.Insummarythen,thelargestapparentsourceofscattercould
bethevariabilityofthecalibratedgain.

VI● CONCLUDINGREMARKS

Theresultspresenkedinthispapershouldprovidea basisbywhichdiffer-
enttheoreticalcalculationsmaybeevaluated.Whilethereareno publishedre-
sultsthatallowfora directcomparisonbetweentheseexperimentsandtheory,
certainobservationsarepossible.Theclosesttheoreticalresultsthatcanbe
comparedtotheparticularmodeltypesshownherearegiveninthelistof
references.Thereaderisreferredtothereferencesformoredetails.Since
themodeltypesdiddiffer,caremustbetakeninthecomparisons.Howevertthe
followinggeneralstatementsmaybemade:

i) Whencomparingsimilartestconditions,theexperimentalresultsshownin
Figures3 through200yieltiresultsthatappeartobeconsistentwithpressure/
motionsexperimentsconductedbyJapaneseresearchers.SeetheAppendixfora
summaryofthesepapers.BytestingtheSL-7athigherspeedsandtheCortin
shorterwaves,theeffectofthemotionsandincidentwavesonpressureresponse
amplitudeoperatorshasbeenextended.

ii) Theoreticalandexperimentalcomparisonsofhydrodynamicpressuresona
hullhavebeendonebya numberofresearchers.See,forexample,Sugai,et.al.
(1972),Nakamura,et.al.(1974),FujiiandTakahashi(1974),andCaretti(1980).
Thetestconditionsincludedheadandobliqueseas.Thegeneralconclusionbased
uponthesepapers,isthatmosttheoriesappearadequateforpredictingpressures
awayfromthefreesurfaceforlongwavesinheadandbowquarteringseas.In
beamseaswheretherollmotionisgenerallynotpredictedwellduetoviscous
effects,thesereferencesnotethatthecomparisonislesssatisfactory.Asthe
wavelengthbecomesshorter,theoryandexperimentbegintodivergeatallhead-
ings.Thiscould.besignificantforGreatLakesvessels.

iii) ASthefreesurfaceisapproached,especiallyinthebowregion,the
theoriesasgiveninthereferencesappeartogivequestionableresults.Itis
inthisareathatfutureeffortsinboththeoryandexperimentsshouldbedirec-
ted.
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APPENDIX

ExpERIMENTfiSTUDYON THESHIPMOTIONhNDHyD~DYwAt41CPwssur@INWGULAR
OBLIQUEWAVES

Fujii,Hitoshi
Takahashi,Takeshi

PUBLICATION:
TransactionsoftheWest-JapanSocimtyofNaval Architects1 #49:1974

ABSTRICT
Inordertoapplythetheoreticalcalculationofshipmotionandhydrodynamic
pressure to the practical ship deeigm,itisnecessarytoconfirmtheagree-
mnntbetweenpredictionandexperiments.
Inthepresentstudy,threekind9oftestwerecarriedoutincorrectionwith
theternmintheequationsofshipmotion,usingmodelsofa con’cainership
andanoiltanker.
(1) Forcedoscillationmodeltestincalmwatertocheckthecoefficientsof

theequationofshipmotionandtheradiationpressureactingonhullsur-
face,

(2) Retrainedmodelteatinobliquewavestocheckthetermsofwaveexcita-
tionandthewavepressure,

(3) Free-runningmodeltestin obliquewavestochecktheamplitudeofmotion
andthetotalpressure,

Experimentalresultswerecomparedwiththecomputedones.
Itwasclarifiedthatthepresentapproachiseffectiv@tofindout the key
pointfortheimprovementof the calculationmethod.

FUNDAMENTALSTUDYOFWAVsTNPACTLOADSONSHIPEOW(2ndReport)
- EFFECTONTHESCALEOFTHEMODELONMAXIMUPIMPACT PSESSUPJ?
ANDEQuIvALENTSTATICPRSSSURE.

Hagiware,Koichi
Yuhara,Tetsuo

PUBLICATION:
JournalofSocietyofNavalArchitectsofJapan:#140;1976

ABSTRACT
Aspartoftheirstudiesconductedregardingthewaveimpactloadsactingon
theshipbowandthestructuralrespomse9theretobya seriesofdroptests,
theauthorsanalyzedthescaleeffect,ortheinfluenceofthescaleofbow
modelsthereinusedontheresultsofthedroptests.
Itisoftenclaimedthattheestimatedimpulsivepressure determinedbya
modeltestvarieswiththe scaleof the model.‘lbseeifsucha claimwas
well-foondedornot,theauthorscarri@doutthedroptestwing a 1/15scale
modelandcomparedtheresultswiththoseobtainedusingthe1/3scalemodel
intheprevioustests.Theresultsof this comparativestudymaybe6mmna-
rized as follows:
At first,themaximumimpulsivepressureobtainedusingthe1/15scalemodel
wasconsiderablysmallerthanthatdeterminedusingthe1/3scalemodel.This
differencebees.mesmallwithlargerelativeimpactangleu. Sucha differ-
encemusthavecomefromthedifferenceinrelativesizeofthepressure
gaugesfittedtothesetwomodels.~ theotherhand,theequivalentstatic
pressurePeq obtainedusingthe1/15scalemodelandthatobtainedusingthe
f/3scalemodelremainedthesame,if the .slze of thepanelwasproportioned
totbesizeofthemodel.Thatis, ‘eq didn’t varywiththescaleofthe
model.
~th~r, uwestigation was made of the effects of the size and the location of

,,’tbe panel of Peq. Peq indicateda considerablechangeaccordingtothesize
andlocationofthepanelwhentheimpactangleu wasO”,butthechange
becamesmallerwithlargem of,say a = 5*.
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MOUEL TESTS ON HYDRoDYNAMIc eP.sssu~sAcTINGowTHE HULLSL7RFACE

.

Matsuyama, Mchi

PUBLICATION:
Journal of Society of Naval Architects ofJapan;#137;1975

ABSTRACT
~ obtainingthehydrodynamicpressureexertedantheship’shullrunningin
regularwaves,theordinaryStripMethodhasbeenu~edso far. However,the
Strict Methodhagrecentlyhen propsedbyNakamuraandTakagi.Inthisnew
method,unlik@theO.S.M. , thewave-inducedhydrodnarrdcpressurecanbeob-
tainedfromthedirectsolutionof thediffractionproblemby8atiSfYin9the
boundaryconditiononthesurfaceoftheship.
Inthepresentpaper.descriptionsaremadeontheexperimentswhichwerecon-
ductedtoseewhatIsthepractical accuracyofestimationofthehydrodynamic
pressur@intheabovetwocalculation methods.Measurementsweremadenot
onlyforthetotalhydrod~amtcpressure,butalsofor two kindsofpressure
compmtents:wav”e-inducedandradiationpressure,andcomparisonsofthese
pressuresweremadebetweenthecalculatedvaluesandtheexperimentalones.
Fromthepresentstudy,itissho+nthattheabovetwoStriP methOdsare
usefulandtheygivetheaccuracyofestimationwithalmoatthessmeorder.
Bothmethods,however,willbemuchmoreusefulforobtainingthehydrodynamic
pressure,iftheEhip’a rollingmotioncouldbeestimatedmoreaccurately.

HYDRODYNAMICPSESSUREACTINGON A SHIP HULLINWAVES ( 1Et Report )

tJakarnura, Shoichi
Saito,Klmio
hsai, Shigeru

PUBLICATION:
JournalofSocietyofNaval?uchitectaofJapan,Ill55;lg14

ABSTRACT
Inordertostudythehydrodynamicpressureonship’s hulltravelinginregu-
lar headwaves,modelexperimentshavebeencarriedoutwithtwomodelsofa
containershipandanorecarrier.
Thefollowingthreekindsofexperimentshavebeenperformedtoinvestigate
thecomponentsofthehydrod~amicpressure;
(1) ExperimentI: Measurementofthehydrod~smicpressureactingona free

runningmodelinregularheadwave’s.
(2) ExperimentII: Measurementofthehydrodynamicpressureactingona

restrainedmodelinregularheadwaves.
(3) nperiment111: Haasurementofthehydrodflamicpressureactingona

modelwhichisforcedtooscillatesinusoidallyincalmwater.
Theresultsof eachexperiment are comparedwiththoseoftheoreticalcalcul?l-
tionbasedupontheordinarystripmethodandthevalidityofthecalculation
methodtoeetimatethehydrodynamicpregsureis discussed.

MODELTESTSONNYDRO13YNIMICPPSSSUWESACTING ON THEHULLOFANOWE-CARRIERIN
OBLIQUEWAVES

sugai, Kazuo Ooda,KurIio
KitEgawa,HlrOMltsu Takei,Yukio
Ksm,Makoto Hiyemoto,Takeehi
Domatsu,Shigeo Okamoto,M chio

PUBLXCATTON:
JournalofSocietyof Uaval Architectsof JapanI #133;1972

ASSTFACT
TeStresultsona freerunningmodelofa gi~anticore-carrieraredescribed,
inwhichthehydrodynamicpressuresonthehullinobliquewavegtqetherwith
theshipbehaviorsweremeasuredinordertopresenttheusefulmaterialsfor
themethodofwaveloads estimation.
Thebehaviorsofthegiganticore-carrierinroughseas,namelyspeedloss,
shipmotionsm,drelativewakerelevationsareshown.Thedistributionsof
hydrod~amicpressureamplitudesarmshownforvarf.ouewavelengthandheading
angle.Inadditiontoamplitude&iutributions,phaserelationsof the
hydrodynamicpressures are also shown.characteristicsofthehydrod~amlc
pressuresareexplainedinconnectionwiththarelativewaveelevations.
CompariBonbetweentheexperimentaldata andthecalcula’cmdresultsobtained
bythestripmethodaremadeandthe usefulness of thestripmethodforthe
estimationofthehydrodwamicpressuresisdiscusaed.
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FIGURE163: SL-7 PRESSURERAO,FWsrRhInED FRORM.STIOM,FHH7.2Y, TAPMu. 1

3HIP LE12QTH/llflVE LEMGTH
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FIGURE180: W-7 PRESSUmERAC, FORCEDHEAVEmOTIOM.FM.O.z3, TAPHO. b
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