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Experimental Studies on Hydrodynamic Forces and Moment
for Maneuvering Motions of Fishing Vessels (4)
On mathematical model of ship hydrodynamic
force and moment while drifting

Keiichi Karasuno*, Syunji JyaNnuma*
and Kunisaburo YoNETA**

Abstract

Lateral hydrodynamic force (Y) and yaw moment (N) for the maneuvering motions of
fishing vessels under slow speed conditions are expressed simply as:

Y=Y, ru-v4+05pf Cpp+|singleve|v]|+d-ds
and ;

N:Nu,,-u-vau,,*%-u-v3+0.5pfCmo°|sin/3|-v-|v|x-d-dz

Where
u=U cos g v=—Using
U : ships’ speed
B drift angle
d : ships’ draft
z : longitudinal position of ships’ section from ®
Y,..*, N,*: Coefficients of viscous lift effect
Chy : Coeflicient of cross flow drag at drift angle 90°
N,,: coefficient of ideal hydrodynamic force and viscous lift effect
The authors have researched hydrodynamic force and yaw moment using a 1/21.5 scale
model of a 225G.T. fish carrier boat, and analysed the experimental values with these
formulae.
These new mathematical models have been found well fitted for experimental values of

hydrodynamic force and yaw moment.
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Fig. 1. New mathematical model expressing

ideal lift cross the values of hydrodynamic force and
flow effect effect flow effect yaw moment.
u=U cong, v=—U sing,
U =ships’ speed, g =drift angle
my, m, : added mass coefficients of surge
and sway motion
Y,*, N,.*: coefficients of viscous lift
11 effect
torce Yutuv 2P [jCdooMov’ Cpeo : coefficient of cross flow drag at
moment (mx-myluv Nuuv cos’g %0-6— CdsoMv® drift angle 90°
M: 0 or 1st moment of ships’ proflle
about X
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Yot v=0 RO HHD ¥ ok 2 U g
uw: BIEEN (=U cos B) v: #EN (=—Using)
Co: MfEREMTE O RS d: BEMTEm oL K
T TEREROBEEAEAFM I Y Y, BED, O, % Const. & T, §=0"~180" & TRt
M pBIC CoEREH TS E Co==Ch | sin 8| L KBGELHES, #-T (1) Ri

Y=Y,* u-v+05p ) Cpgp* [singlev-|v|-d-da
=Y, ru s v+050(1/U)Cos » v+ d + da @)
=Y,  cuv+05p(1/U)Cpy + M, « v°

(Z 2 My 13854k Profil DRIZBAT50%kE— AV ) b, ol usU OB, v B+ %
BA LD, WA Yo" RO 050 (1/U) Cogo « My BT hER MMG 251 0hT YV, R
O Yoo EXIGEL TERMEIC L AT B IRAREF AL TV B,

— a2 - AV POV AV 72 E— AV VE2FST

N=(m,—my)usv+Ny* e uev+05p/Cheve|vized-dr
=(my+my,+ N, Yu-v+05p/ Coeve|lv|easde-da

ERBTHZENTED, () ROGLAF 1 HBIBRARMBETO LY 72— 2 v b, E2HILEENS
NEBBEE B3HB/ rA 78 —HAKLBSDTH B, &2, (me—my+Ny*) i3 f=

OwkiFsda—-x—2 v b N@ﬁz%ﬁ%'@;@b, FRBENORENLD Co=Ch lsingl| &k

KT EAHED, 22T 3) RCRTERER N-8R) oK SEANL Y Nyp=(m,—m,+
Nyw*) ZED, Cogpo ¥AVTEZE N—(my—my+ N,y )+ v—05p Chgo» [P s o d » do EH
T5&, B=0"~180° OHFHE TI3IF cos Fsin® B ITHBIT R ERBRENET D, £ CRMA S
OPIVERCRVCTAREENRL (N/Y) BAESBIT 3FR (—BERCEBE»S
BEAMCBE) 2ZBLT, TO0RRIBICHBEu2EL, Ny cu-vE Ny cucve
cos? B LB EMHZT

N=(me—my)u v+ Ny**usv-+cos’f
+05pfCheve|v|ewededa
=(my—my+N,,*)uev-N,*+u-v-sin’g
+05p/Cheve |v|eaxsdeda
=N,y +usv—N,*(1/U?)u « v®
+05p (1/U) Cpe * M, » 0?

3)

(ZZe M, 133k Profile DRIBETH 1 tkE— 2 v F TH D) LB EMNERI S, ZoRd
u=U 0BG v BT 3KRRA &7, BEE my—m,+ Nyp* RO —N,* (1/U?) & 05p (1/0)
Coso * M, 3FEREFH MMG = F 1 TR E i N, RO N, EXIEL T (4) RITERE
BLEIEFARE ST W5,
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Table 1. Principal dimensions and test conditions of the model ship

Principal dimensions

Model Ship
Scale 1/21.5 1/1
Gross Tonnage 225  ton
Ly, 2.000 m 4300 m
B 0391 m 840 m
D 0.186 m 4.00 m
Conditions
Displacement, 865 Kg 881.148 ton
d; (from B.L.) 0.176 m 3784 m
d, (from B.L.) 0.153 m 3.290 m
dy, (from B.L.) 0.165 m 3.548 m
Trim (from B.L.) —0.023 m —0.495 m
d, (from K.L.) 0.165 m 3798 m
d, (from K.L.) 0.165 m 3298 m
dp (from K.L.) 0.165 m 3.5648 m
Trim (from K.L.) 0 m 0 m
B 0.007 m 0.151 m
C, 0.651 0.651
Area of profile 0.3203 m? 148.056 m?
Velocity of drift 06 m/s 5.41 knot
with stad at S.8. 91/2 and F.P.

Yt-—torce
|| )
O =S
Pen Reco
[ O wheet Carriage weet ()] @)

!
} g Eﬂc.mm I oMM |
‘_T‘_? — ? [ Yawing beam ]
| BL X-torce o
Ya-force J . Yi-farce
AP © £.P, 1 B Heave Heave,
Fig. 2. Test conditions of the model 225G.T. Fig. 3. Measuring system of hydrodynamic
fish carrier boat. force and yaw momenc for oblique tow

tests of the model ship.

WCER O 7T (Ye) @ 1 DG L B Bl (X) 8 (Y,) 025055
X ORZE LI, 5HT — 2 XERESEYEC AD TR LA ERICR VAL HELYRY, TOBT
CRT M T T % 1T » TRERFIF — 2 % HER L, RLTEL T2 5HARE D XK DR RIEE %
RS — 2 & Uiz, Al A7 223 TR T, MMERIEERORNA S *RE»L+
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180° & 4T\, 00 & £180° DR 10" OfEL 2.5° BIFR T, FHLIAL 10 MR T1T - 7-o FHITEE
BEELEHAE C, X 3ERNTH -7 0.6m/s TT -1,

4. BRRBLUBE

BN (Y) @ Vet Yabob, T— v+ (N) @1/4 Ly(Ye—Y,) 2rbk®, X, Y, N #KRK
X hERTL LA,

X' =X/(05p+ Lyy+ dm + U?)
Y = Y/(05p + Ly - dm - U?)
N'=N/(05p + Ly  dm + U?)
p: HEREE Lpp: ERMERE
dm: stk RIZK  U: ffiEE
o THR L ICEFEET AT

Y=Y, u » v +Chy « My’ v (5)
N=N, sw v =N, *ou »v3+Chg* M,/ » v (6)
EBARTRAIND,

Y, %, Ny/*: HitEig B3 2 MR

N, : BB &R E I X 5 BEAE

uw =cos S v=—sin g

My=A,/(Lpp - dm)  M/=4,+ a/(Lpp*+ dm)

A4, BHPERE % ROLOWBEEEESLE COER

ZITED (Y) TR WT, RENC Che KD, RIT Y, * KD 2 0 MBEIMFIRIENHTH S =
LRI OAA =TI RELTO LIS OFESEMNI IV EFRFR Y, * ¥ ED D, &
ETBE Coes Yy * FAWVT, (B) RCARALC Y- 2 BHE LK, -2V (N) KB
VTN L REEREROBSHEA L O Ny ¥ RDFIC Y D Cpp ¥AWTEEN-N,,/ -
W oo —Cpgp* My s 0¥ #EHL, ZOff%—Ny,* - v CRET 5, BORBRIETHMEDLL

1.5 Y 7
1.0 M 5 T §" = B
v 7, 3‘\
0.5 -ll <+ //’/ \\\ -
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N2 S N
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1.0 R it B S ST e .
1.5L i y
-180° -90° 0° 90° 180°
B
Fig. 4. Measured value and calculated values of lateral hydrodynamic force for model
ship.

1: measured value, 2: Y, ,*uw'v’, 3: CoeoM,v’?, 4: Cp, 5: Cpy + sing,
6 : calculate value Y’ '
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Fig. 5. Measured values and calculated value of yaw moment for model ship.
1: measured value, 2: N,/ u'v’, 3: CpoM,'v'3, 4: N'— N,/ u' v — CpgoM, v 3,
5: — N,/ *uw'v'3 6: calculated value N’

Table 2. Coefficients of hydrodynamic force and yaw moment.

Coso ~1.0655 (8= 90°) No'* 0.0402 ( 90°<g< 1807
—1.0309 (8= —907) 00624 (  0°<8<  90°)
Yo* —04827 (8=  07) 0.0706 ( —90°<g< 0)
0.3572 (8= +180") 0.0300 (—180°< A< —90°)
No/ —0.1458 (8= 0°)
—0.1466 (8= +180°)

FRERHEZ | 8] <90° & |B]>90° L F I TTVWRDERFERICL Y MHEE N, * 2ED 5B, Y&
RS- MEEE (6) RIcfKA L N O EBER R, '
X4 CEMBEREBOBRTALLAED YVicouwT, BBcfRmaL ey, KEBKRL
2o EROBF 1 XERME, 6 (5) Rk 351EM, 2,31 5) AOLELE 1 HEF2HLE
LT3, YV HESHEORAMIZEI TIT 1 Thd, BEREFEOKREYHE TS L, T0OM
SHEZ 90" (R CEHEMBAKRE S, 00, 180 LA TIEREL KA E LV, UL UL ERE
HLGABULTWBEE 25, $het—2 v+ NV CEL TR CHEFEFICR LI, +120° &
E50° TR A &MY, £90° IRA AT 45" AL CHEME EREIATE L T35, ZhiZR
THHEB I Ny oo ~ 0 DIHLBE LN DS TELEL BT WBELDTHL, FD
FERV MEOBEIZBELRD HD0, Ny*-u v D500 RERATEELATRV, (B),
(6) REBWTBNHACLABN -2 Vv I HRLAAEAYBETEITLFALEERIR T
WCHEDORERELOFR-HOBREE LS, LALEXRHREFARXRERERY X GELULT
WHEBRLO, R2RY & N BETHEMBRER L, Chy i+HrZIF-10TH 3,
Y, GBI HIEIERTOID 07 & 180" & MENESE > TE TV 5, N, 1207 & 180° &g

—HEL T3, Ny SRA 8] <90 DB B[ >90° DRF X h A ZWEXRL 7,
Te BRMERBRIC L 2 F=0~360 EOBEEHAWEBE IO o' (=—sinf) BRERERLAR 1 1Ic
AL, Wil X OHEEOLIENE R, & £EHER C, ¥ AR 2, 3R L1,
ZZTRFLVEFETALEREY COBRERBEEXR L0 AKEAFETHY, F0OHKRD
WTRBRBRFRERPE ORI LB 250, Flcbl - TRHBRORBIED B EE L L 5.4
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LCEHE— AV + OBV N+ u' » v »sin? B (5N, *w «v3) G ER TR TR
MELXRLTVWDHEE LD,

5. # B8

EERRIC 31 DR D 08 LB = F A2 BARGED, Hiicd L7 <8N, RUE
PURE R Coo | sin 8| TEBRTH7 2027 a —HNOSHACTBULYCHEALL, £ L THK
gy AGCCARERY TV, QB LEEN (V) ¢e—xv b (N) 2oWT, ZOFLVEF
EFACEF L, FOKEBEERMELHBEIER—HTEEELLR, FLv- 7 ARERM
EEOLBIChT - THENR X GEBT2ENEFRALLEE L L 5, L LERROBKEY
KESBIRTY, SHEREARBCORERETVAEFETAOBEGHEHREL T &
ERDAH, TRBTE— 2 v+ OFFIVE Ny*ruvesin? 8 ITHIG LB OIRPHA Vo™
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Appendix 1 Longitudinal force X, lateral Appendix 2 Dimensional total resistance Rt
force Y’ and yaw moment N’ with 8= and non-dimensional coefficient of one:
0°~360° in ahead and astern motions. Ct for the model ship moving ahead (8=
X' =X/(05p L,,dmU?) Y=Y/(05p 0°) by means of straight tow test.
LydmU?)  (N'=N/(05 p L,,2dmU?) .
Rt
( * |0§5 @
Astern
10 400
Ri
\ 300
1
\
v Ct
\
\
\\
5 . 200
Ry S
100
0 05 10 15 W
010 020 0.30 Fa
10 2x10°

Rn
Appendix 3 Dimensional total resistance Rt

and non-dimensional coefficient of one : Ct

for the model ship moving astern (8 =180")
by means of straight tow test.
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