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A study on the Motions of a ship with a Liquid Cargo Tank

Park, Myung-Kyu *Kim, Soon-Kap- Kim, Dong-Joon

.............................................. (2 KD corvemeenmnni e,
1.4 2 4. A} 4 HE
2. 3E3RY K54 4-2 HiAG 44
2-1 FAHHA 4-2 EAA AR
2-2 Rrpdag 5.4 &
2-3 #AfEHol Q& A% 6. Fx 74
2z Y9HE
3. 54 4
3-1 L4 22
3-2 AAPT A4

Abstract

In this paper, the dynamic effects due to the free -water motions in tanks upon
the lateral motion of a floating body in regular waves are calculated, in order to
obtain the relationship between a motion of a floating body and that of the free-

water in tanks.

Under the assumption that the fluid is ideal and amplitudes are small, velocity
potential of the fluid in tanks is calculated by the source distribution method, and
the hydrodynamic forces and moments are calculated by the integration of fluid

pressures over the tank surface.

Hydrodynamic effects of the fluid on the floating body are expressed in terms of
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added mass and coupling coefficient obtained from the integration.

Hydrodynamic are carried out for a ship with seven wide center tanks and comr
parisons between the liquid cargo loading case and the rigid cargo loading case

are shown.
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35

45

ZL (D= ZL (D/AL

CONTINUE

DO 45 I=1, NF

ZL2 = ZL (I+1)

ZL1=2L (D

ZE (D = QL1+ ZL2)/2.

ZL21 = ZL2-ZL1

F 2=CABS (ZL 2)

F 1=CABS (ZL 1)

SG (D=CABS (ZL 21)

AN{, D=-ZI * ZL 21/SG (1D
AN(,2)=-(F2*F2-F1x F1+2.% ZL21* (ZI* YO-X0)/2./SG(D)
CONTIUE

DO 65 I=1, NF

ZM= ZE (1)

DO 75 J=1, NF

IF (1.EQ.J) GO TO 75
Z1=ZM-ZLJ+D
Z2=ZIM- ZIL (D

Z3= ZM+ CONJ G (ZL (J+1))
Z4= ZM+ CONJ G (ZL (&)
7Z5= CLOG (Z1/Z2)

Z6= CLOG (Z3/Z4)

S (1, 9= SG(J) * (0.5% CLOG(Z 122/ (Z3*Z4))— Z5*(ZM—-ZE(J)

€ / (ZL(J+1) = ZL(D) - Z6 * (ZM+ CONJG(ZE (J))
€ / (CONJG(J+1)) — CONJG (ZL (D)) /TPI

75

13

65

D(,H=-21x(Z5+Z6)/IP1

CONTINUE

77 = ZM+ CONJ G (ZL(I1+1)

78 = ZM + CONJ G (ZL(1))

729 =CLOG (Z1/Z8)

S (I,1)=SG (1) * (ALOG(0.5* SG(I)) — 0.5% CLOG(Z7*28) - Z9
* (ZM+CONJG (ZE(1)))/ (CONJG(ZL (1+1)) —~CONJG(ZL(I1)))/TPI

D(,1)=-0.5—ZI * Z9/TPI

CONTINUE

DO 85 K= 1, 2

DO 85 I=1, NF

UCIK= 0.
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DO 95 J=1, N
UCIK= UCIK+ AN (J, K *S (1, J)
95 CONTINUE
UC (I, K)= UCIK
85 CONTINUE
NMAX= 60
MM= AF + 2
DIMS = AL
DIMS = AL * AL
ALG=AL/G
AL2 = AL * AL
RHOTL = RHO * TL
MQ= 60
W= 0.14
DW= 0.04
C IN CASE OF RIGID FREE SURFACE GO TO 300
IF (N1. EQ. NF1) GO TO 300
DO 200 KKK=1, MQ
W= W+ DW
T(KKK)= TPI/W
AKO= W* Wx* ALG
DO 115K=1, 2
M= K+ NF
DO 115 I= 1, NF
DS (I, M)=UcCc(, K)
115 CONTINUE
DO 105 I=1, NF
DO 105J=1, NF
IF (J.GT.N) GO TO 96
DS (1.J)=D(,d
GO TO 105
96 DS (I,J)=D(,J)- AKO*S(d, J)
105 CONTINUE
CALL GERS (DS, NMAX, NF, MM)
DO 125 K=1, 2
M= K+NF
DIMM = DIMS
IF (K.EQ. 2) DIMM= DIMR
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DO 125 I=1, NF
UK (I, KD= DS (I, M)* DIMM
125 CONTINUE

PRS = 0.
PRR=0.
CRS = 0.

DO 135 1=1,N
SWAYDI=AN (1, 1) *SG (1) * AL
ROLLDI = AN (I, 2) * SG (1) * AL2
PRS =PRS+ UK (I, 1) * SWAYDI
PRR=PRR+ UK (I, 2) * ROLLDI
CRS =CRS + UK (1, 2) * SWAYDI
135 CONTINUE
ASS= 2. % PRS * RHOTL~ RHOTL * AMAS
ARR= 2.* PRR* RHOTL
ASR= 2. * CRS * RHOTL
AYY=ASS* XG* XG
ASY = ASS * XG
ARY= ASR * XG
TS1 (1Q, KKK)=ASS
TR1 (1Q, KKK)=ARR
TY1 (1Q, KKK)=AYY
TS2 (1Q, KKK)=ASR
TS3 (1Q, KKK)=ASY
TR2 (1Q, KKK)=ARY
200 CONTINUE
GO TO 1000
300 CONTINUE
WW=1.0
AKO = WW* WW * ALG
DO 315 K=1, 2
M= K+ NF
DO 315 1= 1,NF
DS (I, M)=UC (I, K)
315 CONTINUE
DO 305 1= 1, NF
DO 305 J= 1, NF
IF (J.GT.N) GO TO 396
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305

325

335

2R FAREL e AaS

DS (I1,J)=D(, J)

GO TO -305

DS (I1,J)=D,J)-AKO=*S (1, J)
CONTINUE

CALL GERS (DS, NMAX, NF, MM)
DO 325 K=1, 2

M= K+ NF

DIMM = DIMS

IF (K. EQ. 2) DIMM= DIMR

DO 325 I=1, NF

UK {I,K=DS (I, M) * DIMM
CONTINUE

PRS = 0.

PRR= 0.

CRS = 0.

DO 335 I=1,N

SWAYDI =AN (I, 1D *SG (1) * AL
ROLLDI =AN (I, 2)*SG (I) * AL?2
PRS=PRS+ UK (I, 1) * SWAYDI
PRR=PRR+ UK (I, 2) * ROLLDI
CRS =CRS + UK (I, 2) * SWAYDI
CONTINUE

AMM = RHOTL* AMAS

R2 = (YOD+ABS (. 5% AL)) % 2
ASS= 2. PRS * RHOTL - AMM
SOL =AMM * R2

ARR= 2.* PRR * RHOTL - SOL
ASR= 2.* CRS * RHOTL
AYY=ASS* XG * XG

ASY = ASS * XG

ARY=ASR % XG

DO 400 KKK=1,MQ

W=W+ DW

T (KKK)=TPI/W

TS 1(1Q, KKK) = ASS

TR1(1Q, KKK) = ARR

TY1(IQ, KKK)=AYY

TS 2 (1Q,KKK) = ASR

~3
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TS 3 (I1Q, KKK)= ASY
TR2 (1Q, KKK)=ARY
400 CONTINUE
1000 CONTINUE
DO 1100 1=1, MQ
DO 1100 J=1, NOT
TSS (1) =TSS (1D+TS1 (J,1)
TRR(1)=TRR(I)+ TR1 (J,I)
TYY()=TYY(D)+TY1 (J,1)
TSR (1)=TSR(I)+TS2 (J,1)
TSY (I)=TSY(1)+TS3 (J,1)
TRY(1)=TRY(1)+TR2 (J,1)
1100 CONTINUE
TMAS =RHOSO * ALPP * BMLD * DRFT * BLCO
EI 33=TMAS * ALPP ** 2
El 55=TMAS * ALPP
DO 500 1= 1, MQ
W= 2x*PL/T (1)
TSSN=TSS (1)/TMAS
TRRN=TRR (1)/EI 33
TYYN=TYY (1)/EI 33
TSRN=TSR (1) /EI 55
TSYN=TSY (1) /EI 55
TRYN=TRY (I)/EI 33
WRITE (15, 98) T(1), W, TSSN, TRRN, TYYN, TSRN, TSYN, TRYN
500 CONTINUE
98 FORMAT (2F6.2, 6F10.6)
50 FORMAT (815)
51 FORMAT (8F10.4)
52 FORMAT (20A 4)
STOP
END
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