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Change of Wave-Making Resistance Depending on Varying Draft

S.1. Ma and Y. B. Yim

Abstract

In 1925 Havelock compared theoretical wave resistance with experimental one varying draft, in

which the two ship’s forms were different from each other.

So, in this paper theoretical wave

resistance was compared with the experimental one on the ship of the same form.

And, though Havelock calculated theoretical wave resistance by mathematical artifice,

in this

paper it was calculated by computer using the method of numerical integration.

In Havelock’s paper, the increment of wave resistance decreased when the draft increased. But

in this paper the conclusion is changed: the increment of wave resistance increases when the draft

increases. The reason is supposed by the effect of the displacement of the ship.
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Appendix

PPOGRAM STMPSUINPUT +QUTPUT«TAPES=INPUTY TAPEG=QUTRPUT)
B sts THIS PPOGRAN SOLVE SIMPION"S RULE

PHAL L

coHuaN FO(I0i vCT(100) 9oCOSTNE (100 9SINETLIGT) oSECUTI00)

PESULT(1I004100)

RN

O onN

READ S000+1CsIFOsNO

soa ERROR LINMITIERLIM).

aaqoan

FEAD S1004PoGeLeBsTHERLIM

ITNPUT DRAFT,

Ooan
x
&
-4

READ 520U (FU(TI)YeI=1eIFO)
READ S300«CCHACCHASODIYV
PI+=3,16415926536

PRGOLL =L, aPEHERRGHE

ouo CACULATE SPEED INTHRVAL.

aA0o

CIN=0.LD

DO 100 [=1ls1IC
CIN=CIN+CCHA
CIt1)=CIN

P1F«SAVE +PB064 s IC e LFOONOOP oG 1By ToERLIMJCCHASCITsTINSFGO,
DELTAUWPIECL +C426G29GL2CsC2LGIC2GMFToFCATG29CETG23+C42TG2
C2TGyTFGC29AREAIISAVEsRADWRADD DIV IMYyREMAINIEXPToSMULTI

ese TNPUT SPEED INTFRVAL NUMBEH (1C) «DRAFTTTIFO) s THTERGRATION STEPINO) .

sre TNPUT DENSTTY GF GFA WATER(P)}+ACCELATION OF GRAVITY(G),»
e LENGTH OF SHIP(L)sHRADTH OF SHIP(B)+MAXIMUM DRAFT(T)
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100 CONTINUE
HAD=PTE/180.
CHA=Q0./FLOAT (NOD)
[SAVE=0

C e%e CALCULATE THE COSINEsSIN AND SEC OF INTERGRATION STEP.

PC 200 I=]SAVEsNQ
b’z\J‘a
SETHAP=SETHAR «CHA
TF{T1eFQe0)SETHARP=0,L0
RADD=RAD®ZCTHAP
COSINE(J)=COS(KRADD)
SINECJ)=SIN(HADD)
SECH(U) =14 /0 0SINE(Y)
200 CONTINUE

C °o® QUTPUTING INPUT DATA AND ALL CGMPUTED DATAL

PEINT S40001CoIF0
BRELTAUZ(PTIE/C) /ZFLOATIND)

PRINT 5900 ePeGol sHeT

PRINT S500«PTEoDFLTAUSERL T2
PEINT STO0«{IvCOSINF(TIoI=1eNOT
PRINT SHODe (] 9STHE(I)el=1orN)

PRINT 5900, (I SECU (1), I=1, NO)
C
C #%% CUMPUTE THE INTFGRAND OF SPEED INTERVAL NOW(IC).
C
00 3500 KI=1s1IC
Ccli=Ccr(xn
PIECL=PIERCI o2 H #84
CapGa=2.MCl1uRa/Gen2
GL2C=G¥L/(2.8CT1%%2)
c2l G=CllesaoL /G
COTG23=(2.,8CT1otp) /(THE2HGE#T)
ca2TG2=12.2Cl1taa) s/ (TRGHNZ)
C2TG=Cli®®=2/{THG)
0O 3400 IT=1s1F0
FOO=FO(IT)
T2GMFT=1{1,-FOQ®B2/TRR2}&CT1%2276
FC4TGR2= (2., #FOORCIIn®4) /(THR2RGRRD)
TFGC2=={T=FQD)#G/Cl18872

[kai

C #88 SUBRQUTINE SIMPSONES RULE.
CALL SIMPSN
RESULTI(KIsIT)=ARFA
3400 CONTINUE
3500 CONTINUE
PPINT 6000 (FO([)sImisIFD)
KEY=0
DO 4200 MP=1+1C
TF(MP,GT.B0)GD TO 41(2
GO TO 4150
6100 TF(KFYLGT.0)G0 TG 4150
KEY=1
PRINT 6000 (FO(I)sI=1yIFD)
4150 PRINT 61009 {MPsCT(MP) s (RESULT (MPsMO) sMO=191F0))
4200 CONTINUE
5000 FORMAT(4012)
5100 FORMAT(6F13.5)
6200 FQRMAT(BF10.9)
5300 FORMATI(8F10.3)
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S400 FORMAT{ HLle//9l0xsneannabatnnngnaan, /,

10Xe'® INPUT DATA ®'y/,
]Qx,uaana99§noaoqq#dn,//b .
10X<"STEP OF CALCOLATION (C) ="e13,
ExsWSTEP OF CALCULATION (FO) ="e13)
5500 FORMAT(LIHOsGXe"® P =M E13,795Xe"® G =MyE13¢795Xe"#% [ =UeE]3aTe
1 10X6H2 § cWeFEI3.7+5XeM8 T = E13,7)
5600 FORMAT{IHO»IXe"® PIE ="3E15.9¢3X9"% STEP OF INTEGRATION 2%ef15:90
1 10X o2 ERAVOR LIMIT ="9E1549)
STQ0 FORMAT(IMOe)l1IXe"VALUE OF COSINE FOR INTEGRATION'",/y

oy

S Wy

1 (6Xeb6(M{Ve]2s)"yE1T.B))})
SHO0 FORMAT(1HOe11Xe"VALUE OF SINE FOR INTEGRATION"s/»
1 (6% 96 {"M{M,I2+™IVyE1TB)))
5900 FORMAT{1HOs11Xe*VALUE OF SEC FOR INTEGRATION"e/
1 (6Xe6 (M (s I2s")"9E1T,8)))
6000 FORMAT(1HlellxXete®e QUTPUT DATA #88n,//,
1 S5X9"NOs VALUE OF C"s3(TXs"FO("9EL1L.Se")11,3X))

6100 FORMATI(SX«JR4S5XsFT4SelX93(E21eB94X))

SUBROUTINP SIMPSHN
C #8% SUBPROGRAM FOR EVALUATION DF INTEGRAL B8Y SIMPSONeS RULE
RFAL L
COMMON FO(10)+Ct(100)+COSINELLIODTsSINETIO0TeSECHTING)
RESULTI(LD0+10C)
PIF«SAVEsPBEGL1CoTIFOsNOsPIGoL 9B 9 ToER_IMeCCHASCITACINGFODy
DEL TAUSPIECL +Cu2G29GL2CsC2LGoaC2GMFTHFCATG21CETR239CH2TG2
C21GsTFGC2+AREAYVISAVE sRAD s RADDoDIVeIMaREMAINSIEXRT e SHMULTI
PO 8000 IS=1+NO
DIV=4ABSINTV)
GROUPA=C42G22COSINE(IS) #8285 IN(GL2C*SECU(IS))
GROUPR=C2LG*COSINEIT1S) *COS(GLZCHSECULTIS))
GROUPD=FCATGZ2RCOSINE(IS) ®#R2
GROUPE=CE6TG23I®COSINE(IS) #®4a
FROUPF=C42TG2#COSINE(IS) #4208 (1 4,+4C2TG*COSINE(1S)##2)
POWER=1.,
EXPT=TFGC28SECU(IS) 82
IM=ABS{EXPT/DIV]
1F(EXPTalLTa0,01D1V==DIV
TFIIM,GT.0)GO TO 6950
REMATIN=EXPT
G0 TO 6980
6950 DO 6970 IP=1+1M
FXPON=EXP(DTV)
POWFR=POWER®EXPON
6370 CONTINUE A
SMULTI=FLUAT(IM)*#DIV
REMAINZEXPT=SMULTI
6980 EXPQN=FXP(REMAIN)
POWNER=POWER®EXPON
PARFNA= (GROUPA=GROUPE) ##2
PARFNA= (C2GMF T=GROUFPII=GROUPE+GROUPF#PONER) #82
ALLPAR=PARENA#PARENA#COSINE(IS)
1FTls.EQ.I)60 TO 750D
60 TO(70009725%0)L0VE
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C 4%y
- 7000
c

C ses

c -
12%0

1500
‘BOdO

Kok RE

EVEN, CALCULATE:

AREA=AREA+GO0RALLPAR
Lave=2
G0 TO BOOO

OPDP CALCULATE

ARFA=AREA+2,0®%ALLPAR

LOVF=1

0. TO A000

APFA=ALLPAR

LOVE=]

CONTINUE -

AREA=PBGGA/PIECLY (APEA®DELTAU/3.0)
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