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Abstract. It is а fact that а bilge, which connects the board with bottom is an important part of ship 
geometry in ship building. The shape of Ьilge, which is supported Ьу Marcin bracket inside and 
carries the Ьilge keel outside, has а consideraЫe effect on the formation of Ьilge vortices, rolling 
motion, transverse geometric staЬility, mid-ship section coefficient and the ship resistance. 
In this study the resistance and power alteration in altemative Ьilge geometries have been investigated 
Ьу taking а ship form without deadrise as the main figure. The alteration of resistance and power have 
been studied Ьу using the Ship Model Experiment Technics. Rectangle, douЫe-chain and round forms 
were used as altemative Ьilge geometries. 
Model experiments done in three different loading conditions, empty, loaded and excessively loaded. 
The results were transferred into the values of а ship Ьу appliying the simialrity laws. 
The effects of the Ьilge geometry are presented at the end ofthe study. Furthermore the effects of the 
results in ship building sector are disscussed as а conclusion. 

1. INTRODUCTION 

It is а fact that Ьilge, which connects the boards with bottom is an important part of ship geometry. The 
shape of Ьilge, which is supported Ьу Marcin bracket inside and carries the Ьilge kneel outside, has а 
consideraЫ effect on the formation of Ьilge vortices, rolling motion, transverse geometric staЬility, mid­
ship section coefficient and the ship resistance. 

ln this study, the resistance and power alteration in altemative Ьilge geometries have been investigated Ьу 
taking а ship form whitout deadrise as the main figure. The alteration of resistance and power have been 
studied Ьу using the Ship Model Experiement Technics. Rectangle, douЫe-chin and round forms werw 
used as altemative Ьilge geometries. А wooden ship model whose lenght of load waterline was 
L*** = 1,640 meters and wose similarity ratio was а= 50 was used in experiment. 

Model experiments were done in three different loading conditions- empty, loaded and excessively 
loaded. There was no appendage on the model and the experiment was done without а trim. In order to 
observe the effect of Ьilge geometry better, the parallel body of ship was chosen comparatively large. 
According to the results of the experiment, douЫe-chin form produced the minimum resistance after а 
certain value of velocity, 1 m/s. 

As can Ье expected, the form which produced the maximum resistance was the rectangular form. The 
experiments were done in Ship Model Basin oflstanbul Technical University(I.T.U). The model ship was 
towed on smooth water conditions; the velocities were measured Ьу а tachometer generator and the 
resistance was measured Ьу Atwood dynamometer. The results of the experiments were transferred into 
those values of the ship Ьу applying the similarity laws. 

The calculations for resistance were realised in two different ways- one Ьу Froude hypothesis and the 
other Ьу Hughes hypothesis (Form Factor Method). 
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InthecalculationsdonebyHugheshypothesis，theextrapolatordiagramwasmodi丘edbymeansofa

mathematicaltranSformationandtheformfactorwasobtained．SobyuslngaSlnglemodelinsteadofan

extrapolatorcurveWhichneedsmorethanonemodel，itwaspossibletoobtaineaformfactor（butbythe

helpofatransformedextrapolator）．Thechanges（alternations）inresistanceandpowerasafunctionof

draughtwerestudiedfbrthreedi飴rentbilgegeometriesaswell．

Inordertoprovidenowsimilarity（Reynoldssimilarity）turbulancegeneratorwasplacedatthebowof

model．Thediameterofthecircular－SeCtionoftripwirewhichwasusedastheturbulancegeneratorwas

determinedbytakingaboundary－layerthicknessintoconsideration．Incalculationthefrictionresistance，

ITTC－1957fbrmulawasused．

2．ANALYTICALMOl）ELLING

Totalhydrodynamicresistanceforceindisplacementboatsisformedundertheinnuenceofanumberof

旦＝′（帰，榊，上α，言，言，αg…）・　　（1）

Inordertodeterminetheeffbct（innuence）ofeachoftheseparameterSOnreSistance，mOdelserieswhich

areverycommonandcanbetakenasrefbrance arechosenandsystematicalship－mOdelexperiementsare

done．Theseexperimentscanberealizedatthetowlngtankoratthecirculatingchannel．Ⅰnthisstudy

SyStematicalexperiements were done with a ship modelwhose paralelbodylenght was ratherlong

（LandingCraR）andtheseexperiementswereconductedatdiffbrentloadingconditionsandwithdiffbrent

bilgegeometries．Asaresult，alterationsinresistancewereobtained・Byapplyingthelawsofsimilarity

thedataoftheexperimentwastransformdeintothevaluesoftheship（prototype）．

Theanalysisoftotalhydrodynamicresistancecanbemadeintwodiffbrentways．

a）FroudeHypothesis：

旦＝虎′＋旦；

b）HughesHypothesis：

旦＝属＋軋・

Intheseequations，

旦＝／仙〟化Y血′批・亡

児′＝廓わ血糊Jre油加Ce

〟′．＝′・州′‘J…′：t、′・ど・山（〃rr

尺、、＝－1如√川・、・化∫付‘〝九・ぐ

軋＝WαVere∫加わ〃Ce

2．1．FroudeHyphothesis

月J（鮎，舟）＝町（Re）＋月r（揮）

（2）

（3）

lKafali，1日Kafali，2］，lcomstock，3］（4）

野＝げ・…・V2

q’＝0，0075／（上og鮎－2）2

IfFh＝Fh，then（R，／A）m＝（R，／A）pandwhenwewriteγ＝P・gand
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曳＝△減＝†〆∇〆∇椚，
旦椚

曳＝Ap硯＝P掬・α3
月r∽

tllen

（6）

（7）

isobtained．

Accordingtohyphothesis：

WhenRtm＝Rfn＋RnniswrittenforthemodelandR申＝Rh＋k・R，Piswrittenfortheprototype（herek

isacorrelationfactorwhichisconstant，k＝1，15）then，

属應＝㌔・P〆2・ぶ〆Vp2，

㌔＝P〆P椚・α3耳，

月中＝㍍・P〆2・∫〆Vp2＋1・15・P〆P椚・α3・屈川7

Inthisequation，Fp＝α2・Smandfbrthe巧，P＝COnStant

（㌢／正）椚＝（㌢／正）ク→（㌔／覧）＝（、厄／J㍍）＝五

㌔＝誼・覧・

Ontheotherhand，

軋＝月蝕－‰＝軋一㍍〃・P椚／2・‰・V椚2； （13）

（q）椚，p＝0，0075′［頓軋クー2］2［ITTC－1957］・（14）

Inthisequation

上
Re：Reynoldsnumber，Re＝V・－

β’

h：Froudenumber，Fy＝石，
qCoefRcientoffrictionalresistance；
P：Spec摘cdensityofnuid；

S：Wettedsurfacearea；

V：Forwardvelocityofbody（knot），（lknot矢；0，5144m／S）；

V：Forwardvelocityofbody（m／S）；

9：KinemativiscosityofmIid；

g：Gravitaitonalacceleration，g＝9，81m／S2；

L：Bodylenght（Shiporitsmodel）；

△：displacement．

2．2．HugbesHypothesis

In this hypothesis，the total hydrodynamic resistanceis dividedinto resistance components as，

旦（鮎，揮）＝凡（鮎）＋軋（揮），　［1日2】，［3］・
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Accordingthehypothesis，formfactorisde坑nedas

g＝曳＿1＝立－1．
月々，（＼′，

（15）

Formhctorgivesthetransformation（PaSSage）betweentwoorthreedimensionalsurfaces・Extrapolator

diagramisneededtonndK

Therefore，bywriting

月甲＝属應（互＋1）；

月中＝点呼＋旦炒

andbytakingFroudeSimilarity，

f㌔＝巧，→C叩＝Cw朋；

Cw＝軋／p／2．g．v2；

鞍＝［q研＋（1＋相島一㌦）二極／2・ぶ〆Vp2

areobtained．Inthisequation；

互＝Fom払ctor；

Cv＝Coe餌cientofviscosityresistance；

q＝Coefncientofwaveresistance・

Inordertocalculatetheformfactor，POintCw＝Oistobedeterminedinq＝f（Re）diagram・Atthis

point，Visosityresistancecurveistheenvelopeottotaltresistancecurve・IfRe＝Re＊atthispoint，then

鮎＝Re＊；C仰→0‥q椚＝q椚＝（1＋互）q卸　　　　　（21）

andthevariabletransformation

Log属e－2＝Jan山‾2＝ズ　　　　　　　　　　（22）

When（1＝f（X）modinedextrapolatordiagramisdrawn，thenq，：ITTC－1957curveandalsoCv

vicosityresistancecurvearetumedouttobestraightlinespassingthroughtheorigin・InthisdiagramCv

CurveisstraightlinewhihistangenttoG totalresistancecurvendwhicpassesthroughtheorlgln，the

touchingpointisRe＝Re＊．

Inthisdiagram， ＝tanO＝0．075＝COnStant→0＝4．2890isobtained．

3．EXPERIMENTALMODELLING

3．1．ExperimentalI）ata

Themodelusedintheexperimetnwaswoodenandpalnted，Withnoappendagesandbulbandhadan

α＝50similarityratioandwasinparalel幻oatingcondition（notrim）．Aturbulancegeneratortripwire

WWithal．5mmdiameterwaspledattheboofthemodeltoprovideReynoldsnowsimilarity・

Theshipmodelwastowedinthreedi脆rentloadingconditionscodedasWL3，WL4andWL5・
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Withtheqpplicationofsimilaritylas，tranSftr丘omthemodeltotheprototypewasmadebytaking the

Standardconditionsfbrseawater anddimensionsofmodelshipas

tp＝15CO→Pp＝104，61kg・S2・m‾4，Yp＝0，1191・10－5m－2・S．l

Lm＝1，620，Am＝16，564kg，Sm＝0，524m2，Pm＝101，84kgxs2，Vn＝0，11．10－5m2．S‾1

Theresultsofexperimentareasfollowsforrectangular，double－ChinandroundgeometryinTablel，2and3．

Tablel

Shipwithrectangularbilgegeometry

V m （m ／S） W L 3 （k g） W L 4 （kg） W L S （kg）

0．4 0 0 ．038 0．040 0．048

0 ．50 0 ．050 0．055 0．065

0 ．60 0 ．068 0．076 0．088

0 ．70 0 ．085 0．099 0．120

0 ．80 0 ．115 0．130 0．165

0 ．90 0．155 0 ．175 0．227

1．00 0．2 15 0 ．250 0．325

1．10 －0．287 0．350 0 ．437

1．20 0．375 0．480 0 ．574

1．30 0．695 0．8 15

Table2

Shipwithdollblechinbilgegeometry

V m （m ／S） W L 3 （kg） W IJ 4 （kg） W IJS （k g）

0 ．4 0 0 ．04 0 0．04 5 0．05 0

0 ．50 0 ．052 0．05 6 0．06 5

、0 ．60 0 ．06 8 0．07 5 0．08 7 ．／

0 ．70 ■0 ．08 8 0．09 7 0．日6

0 ．80 0 ．115 0．13 0 0．15 6

0 ．90 0 ．15 0 0．18 8 0．2 10

1．00 0 ．2 10 0．2 55 0．30 5

1．10 0 ．30 5 0．36 8 0．46 8

1．2 0 0 ．4 16 0．49 5 ．　　　 0．58 8

1．30 0 ．5 15 0．64 3 0．70 0

Table3

Shipwithroundbilgegeometry

V m （m ／S） W L 3 （kg） W L 4 （kg） W L 5 （k g）

0．40 0 ．035 0．04 3 0．0 5 1

0．50 0．050 0 ．0■58 0．0 5 1

0．60 0．068 0 ．078 0 ．095

0．70 0．090 0 ．110 0 ．125

0．80 0．120 0 ．143 0 ．163

0．90 0．155 0 ．194 ■　　　　　　 0．2 28

1．00 0．2 15 0 ．277 0 ．320

1．10 0．305 0 ．380 0 ．4 76

1．20 0，407 0 ．498 0 ．585

1．30 0．590

Theexperimentaldatawaspbtainedinsmoothwatersurface（nowaves）conditions．Forthetotowing

experimentsfollowlngOneanOther，enOughtimewasglVentOmakethewatersurfacesmoothagaln・
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3．2．Reslllts

Theresultsoftheexperimentcanbeevaiuatedinseveraldiffbrentwaysbyuslngthemethodsmentioned

inanalyticalmodellingandbyusingthelawsofsimilarity．

Modelresistancecharacteristicsforeachbilgegeometry－Fig．1，doublehuHresistancecoe揃cientcurve

fbrWL4－Fig．2，fbrmねctorchangeaccordingtodraftfbreachbilgegeometryqFig・3，PrOtOtyPe

resistaneecharacteristic－Fig．4andpower－drafHinkagesqFig．5arepresented．
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Fig．1．ModelResistanceCharacteristicsfbreachbilgegeometry
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Fig．4．PrototyperesistanceofWL4foreachbilgegeometry，reCtangular，doublechinandroundrespectively
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4．CONCLUSION

InliteraturevariouswaysareintroducedtoredtlCetheresistanceinships・Inthisstudythebilgegeometry

WhichisoneofthekeyelementforthecrosssectiongeometryofshipISinvestigatedtounderstandits

effbctsonshipresistance．Theresultsarepresented・Itisseenthatbilgegeometryisdirectlye脆ctthe

resistanceoftheship．Inthiscontextbilgegeometryisalsodirectlye脆cttheshipoperationsbyreducing
theoperationalcosts．

ACKNOWLEDGEMENT

Wewouldliketoa specialthankto Ms．PelinYilmazwhois PhdCandidateinShanghaiMaritime

UniversityandresearChassistantinIstanbulTechnicalUniversityMaritimeFaculty，forherendeavours

inthisstudy．

Re鮎rences

ll］Kafall，K．，StaticandDynamicPrinciplesofShipForms．Vol．2（ShipResistanceandPropulsion）

Istanbul，1975．

［2］Kafall，K．TheDesignofShips，Istanbul，1988．

［3］M・Comstock，PrinciplesofNavalArchitecture，SNAME，NewYork，1974．

142




