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A Component-type Mathematical Model of Hydrodynamic Forces
in Steering Motion Derived from a Simplified Vortex Model (5)

—Modification of midship part’s vortex system due to turning motion—

by  Keiichi Karasuno, Member  Seiji Okano'
Kazuyoshi Maekawa, Member Jun Miyoshi

Summary

The component-type mathematical model of ship hydrodynamic forces developed by us
can describe precisely the oblique hydrodynamic forces over the range of drift angle || =0 ~
90° or 90 ~ 180°. It also can estimate satisfactorily the turning hydrodynamic forces X,Y
‘and N in the simulation of steering motion through the oblique hydrodynamic forces. The
mathematical model shows the quantitative discrepancies in the estimated Y hydrodynamic
forces of pure (8 = 0°) and lateral (]3| = 90°) turning motion. This paper offers a solution -
to these discrepancies by adding the horse-shoe vortex system and the additional effect
of the cross-flow veftical vortex éystem, which are located at midship part and caused by
turning motion, to the conventional vortex systems presented in the previous paper. The
characteristics of the oblique hydrodynamlc forces can estimate prec1sely the linear derivatives

Y, and the large eﬂects of cross-flow drag in turmng motion.
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Appendix

. ﬁ%ﬁﬁ%?—fr}b

Xa=Xr+ X+ Xpi + Xc + X& + Xr
Yu=Yr+ Y.+ Yp:i + Yo
Np=Ni+ Nry, + Npi + Nc

1) EAEHES
XI:1/2-p-L12,p-dm-m;-(r~v+zt-r2)
Y1=—1/2-p-L12,P-dm~m'z-r-u‘

Nr=—1/2-p- L%, -dm

A(my —mi) v u+my -z -u}
2) Rt
 Xp,=(7) AL

Y1, = (8) RICAL
N, =(9) AU

Xpi=(13) AL
Yp: =(14) IZFL
Np; = (15) HICEUT

4) yuxz7o—§h - HBhH

X =(10) RicEU

Yo =(11) AL

N¢ = (12) R

Xt=1/2-p-Lpp -dm
{dfm/dm - CLass - (U+-’ﬂf r)?
—~dam/dmCLasa - (V+ Za - r)}

5) Btk

Xp==1/2-pLpp-dm-Ch-|ul - u
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o (@) Anaiyzed results of hydrodynamic forces in oblique motion
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~0.5 : : : A : : : - —
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¢

() Estifnated results of hydrodynamic forces in lateral-turning motion ( p=90 deg)

Fig. 4 Comparison of hydrodynamic forces between present model and previous model '
(PCC ). ‘
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T T . 0.2 T T
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' ¢ —0.2 ‘ 66 90
 B(deg)

(a) Analyzed results of hydrodynamic forces in oblique motion

Y R N

0.5 T T T 0.5 T T T
present model
- - - - previous model o()

05 — L -0.5 - 1 —
—2 0 2 —2 0 2

Y _ ' N

o+ .

present model
- - - - previous mode

- ! 1 L _1 . 1 | 1 .
—2 0 -2 —2 -0 2

r . r

(c) Estimated results of hydrodynamic forces in lateral-turning motion ( f=90deg)

Fig. 5 .Comparison of hydrodynamic forces between present model and previous model
( Esso Osaka ¥ ).
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(a)-Analyzed results of hydrodynamic forces in oblique motion '
X' Y’

0.1 T T ~— ] 0.2 e T T 0.5
present model : i T

- - - - previous model

0.1 ! L — N ’ —L— L — -0.5 L L :
‘ 0.5 o " 0.5 0.5 o ” 0.5 0.5 0 ” 0.5
(b) Estimated results of hydrodynamic forces in pure~turning motion (B=0deg)
XI - YI NI
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. : 2 B ' ] .
- 0r ___7_--00 ‘EOO-' _‘:> or o)
present model or }
- - - - previous model |
—0.5 . e e : e : :
-0.5 0 ” 0.5 —0.5 o8 " 0.5 0.5 0 r’ 0.5

* (c) Estimated results of hydrodynamic forces in lateral-turning motion ( =90 deg)

Fig. 6 Comparison of hydrodynamic forces between present model and previous model
( SR108 19 ), ' '
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(a) Analyzed results of hydrodynamic forces in oblique motion ‘
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(b) Estimated results of hydrodynamic forces in pure—turning motion ( =0 deg )
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(c) Estimated results of hydrodynamic forces in laterél—turning- motion ( $=90 deg)

Fig. 7 Comparison of hydrodynamic forces between present model and previous model
" ( Trawler 1), ' " ' '

NI'l - El ectronic Library Service



The Soci ety of

180

Naval Architects of Japan

HAEMFE R LE 58190 5

(@) Analyzed results of hydrodynamic forces in oblique motion
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(b) Estimated results of hydrodynamic forces in purg—turning motion ( =0 deg) |
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(c) Estimated results of hydrodynamic forces in lateral-turning motion ( =90 deg)

Flg 8 Comparison of hydrodynamic forces between present model and previous model

( Research vessel 12) ).
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