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Summary

A panel method to calculate unsteady ship hydrodynamic forces is introduced. First, formulations
were made for both steady and unsteady free-surface conditions under the assumption of small
perturbation over the double body flow around a ship. A newly derived free-surface condition for
unsteady motion makes a theoretical pair with Dawson’s steady linearized free-surface condition. Next,
a Rankine panel method was applied to solve the equations based on the present unsteady free-surface
condition. For radiation condition of waves a numerical damping was introduced into the free-surface
condition. Calculations were made of the unsteady hydrodynamic forces such as added mass, damping
and wave exciting forces for a two-dimensional submerged cylinder and an ellipsoidal ship hull form.
By comparing with other calculations and experiments it was shown that the present numerical method
is useful for better understanding of the unsteady free-surface flow problems.

1. Introduction

Ship hydrodynamic forces have been predicted com-
monly by using strip method, thin ship theory and
slender body theory. To take three-dimensionality in
more consistent way, singularity distribution methods
have also been proposed””®”® These methods are
based on the solutions for the classical linearized free-
surface condition. ,

Further, for an improvement of the linearized solu-
tion, approaches have been made to deal with the free-
surface condition taking steady perturbation flow
around a ship into account. For instance, in 1983 Lee
considered the double body flow as a basic flow to
calculate added resistance of a ship in head waves',
Sakamoto and Baba extended the low speed wave
resistance theory” to unsteady free-surface flow prob-
lem, and derived an asymptotic solution of added resis-
tance'. Zhao et al. calculated added resistance of a
semi-submerged sphere®”. Kashiwagi and Ohkusu
presented a hybrid method in radiation problem for a
half-immersed circular cylinder'®. Huijismans and Her-
mans discussed the effect of steady perturbation flow on
drifting forces of ships under the assumption of low
speed”. At present, however, it is difficult to deal with
general ship hull form with forward velocity, since the
computation scheme for solving the basic equations is
complicated and the amount of the calculations is
considerably large.
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On the other hand, there is Rankine source method®?,
a kind of numerical method for solving steady-state
free-surface flow. The results show good agreement
with experiments and give an improvement over the
conventional linearized solution'®. The Rankine source
method can easily deal with the free-surface condition
taking the steady perturbation flow into account. There-
fore, recently some attempts are made to apply the
Rankine source method to the unsteady free-surface
flow problem. Nakos calculated the wave elevation
generated by a two-dimensional submerged body with
forward and oscillatory motion'” by using quadratic
B-spline panels®™. Takagi proposed a technique to sat-
isfy radiation condition of waves by use of an artificial
parameter corresponding to Rayleigh viscosity, and
calculated added resistance by solving diffraction prob-
lem for a full hull form advancing in waves?"?®. In his
formulation the double body flow is employed for
steady perturbation flow. However a relation with the
steady free-surface flow problem is not considered.

In this paper, an investigation was made of panel
method for unsteady ship hydrodynamic forces. First,
formulations were made for both steady and unsteady
free-surface conditions under the assumption of small
perturbation over the double body flow. A newly der-
ived free-surface condition for unsteady motion makes
a theoretical pair with Dawson’s steady linearized free-
surface condition®. Next, a Rankine panel method was
applied to solve the equations based on the present
unsteady free-surface condition. For radiation condition
of waves a numerical damping was introduced into the
free-surface condition with reference to Dawson® and
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Takagi?”. Calculations were made of unsteady
hydrodynamic forces such as added mass, damping and
exciting forces for a two-dimensional submerged cylin-
der and an ellipsoidal ship hull form. By comparing
with other calculations and experiments it was shown
that the present method is useful to solve numerically
the unsteady free-surface flow problems.

2. Problem Formulation

Let us consider two coordinate systems o —x'y’2
fixed with respect to a ship, and o—xyz moving in
steady translation with the forward velocity of a ship as
shown in Fig.1. r-axis coincides with the negative
direction of the ship’s forward velocity U. z=0 plane
coincides with the undistrurbed free-surface, and the z-
axis is taken positive upward. The 0'—x'y'? coordinate
system is defined so- as to coincide with the o—xyz
coordinate system in steady-state equilibrium.

Supposing a ship is in an inviscid, irrotational, incom-
pressible fluid, the velocity potential @, which repre-
sents flow around the ship and satisfies Laplace’s equa-

_tion 2@ =0, is introduced. With reference to Sakamoto
and Baba' it is assumed that the total potential @ can
be expressed as the sum of three components as:

O(x, 9,2 D=0z, ¥, )+ di(z, ¥, D)+ dulx, 9, 2, 1),
(1)
where
@0 : velocity potential representing steady double
body flow, ‘
&1 - velocity potential representing steady wavy flow,
v - velocity potential representing unsteady wavy
flow.
The total potential @ has to satisfy free-surface condi-
tion, hull surface condition and radiation condition of
waves.

2.1 Free-Surface Condition

The kinematic and dynamic boundary conditions on
free-surface are written respectively as:

O+ Oyly— O+ 8=0 on z=¢, (2)

g§+—;—(m-m—U2)+¢t=o on z=¢,  (3)

where ¢ is wave elevation, ¢ the gravitational accelera-
tion and subscript means partial differential.

Incident . &,

Wave /l

— ‘

Fig.1 Coordinate systems

Eliminating ¢ from (2) and (3), the exact non-
linear free-surface boundary condition is expressed as:

@u+217(1>-l7@¢+—%—l7@-l7(l70)-l7@)

+g0.=0 on z=¢. (4)

Eq. (4) has to be satisfied on the elevated free-surface,
which is, however, not determined until that the veloc-
ity potential is obtained. Following Dawson’s way” the
free-surface condition is assumed to be satisfied on 2=
0. Further ¢ and ¢u are assumed small. Substituting
(1) into (4) and neglecting higher order terms for ¢
and ¢, a linearized free-surface condition based on the
double body flow is derived as:

¢Utt+27¢0'V¢Ul+-%'V¢O'V(V¢0'V¢D)
+ T o 77 o7 1)+ 7 o V(7 bo*V $uv)
+%l7¢1-V(V¢o~l7¢o)+—%—l7¢u'V(V¢o-l7¢o)

+g(p1z+ du)=0 on z=0. (5)
An index s which denotes a derivative in the stream-
line direction of the double body flow is introduced.
Using a following relation,
(7 ¢o* V) b= doss, (6)

eq. (5) is rewritten as
bue+ 2busuu+ 5T (ot it $0)-T($h)

+ ¢0$[(¢Ds¢ls)s+(¢05¢Us)s]

+g(p12+duz)=0 on z=0. (7)
If the curvature of the streamlines of double body flow
is small, we can approximate as'”:

L7 60-7(83)= bostucstu. (8)

Then eq. (7) is expressed as:
<ISUtt +2¢0$¢Ust + ¢%s(¢lss+ ¢Uss) +2¢Os¢ﬂss(¢ls+ ¢l/s)
+g(¢12+¢l/2):—¢%s¢083 on z=0. (9)

Eq. (9) can be separated into two independent linear-
ized free-surface conditions, one for the steady wave-
making flow and the other for the time dependent wave
motion as follows:

[steady component]
PisPrss + 2osossPis+ ghr1e= — Posdoss  on 2=0,
(10)
{unsteady component]
¢1m +2¢'0s¢um + ¢’(2)s¢uss+2¢0s¢0ss¢z/s + g¢Uz=0
on 2=0. (11)
Eq. (10) coincides with Dawson’s free-surface condi-
tion®. Therefore eq. (11), which is a newly derived in
the present study, corresponds to an unsteady linearized
free-surface condition which makes a theoretical pair
with Dawson’s one.

Relations among the present free-surface condition
(11), Sakamoto and Baba’s condition'” and the classi-
cal linearized condition are explained in Appendix.

2.2 Hull Surface Condition

Exact ship hull surface condition is expressed as:

O,=[a+F@®-P)al-n on S, (12)
where n is the unit normal vector which is defined to
point out of the fluid domain, and S the submerged
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portion of the ship’s surface. a is the vector of the
oscillatory displacement of a ship (see Fig.1) and is
assumed small quantity. Then total velocity on S,/ @ is
expanded in Taylor series as:
V¢IS=V¢|5,,,+[(d’V)V@]sm'FO[(a'V)zV@], (13)
where S» means the ship’s surface in steady-state posi-
tion. Substituting (1) and (13) into (12) and neglecting
the higher order terms for ¢, ¢v and e, it follows that
bon+ Pint+ dum=[a+V x(@XF $o)]-n on Sn.
(19)
It is noted that the eq. (14) can be derived also by
applying the present assumptions to the hull surface
condition presented by Timman and Newman®.

Eq. (14) can be also separated into two independent
hull surface conditions, one for the steady wave-making
flow and the other for the time dependent wave motion
as follows:

[steady component]

¢On+¢ln=0 on Sm, (15)
[unsteady component]

dun=a+UxX(aXV¢s)]'n on Sn. (16)

2.3 Wave Elevation and Hydrodynamic Forces

Wave elevation is represented by a linearized form of
(3) as:

§=719_[ Ut— ¢%t_ ¢(2)y_2¢01(¢1x+ ¢ux)
“2¢0y(¢ly+¢(fy)"2¢w]- (17)

Eq. (17) can be separated into two components as fol-
lows :
[steady component]

§s=§1;[ U= b~ $hy—2dostbre—20sbry],  (18)
[unsteady component]
o=~ fostuc+ duuun + b (19)

Pressure on ship hull surface pr is represented by
Bernoulli’s equation as:

Duz"p[é-(V@'V@— U3+ (Dz]—,ogz on S.

(20)
Neglecting the higher order terms for ¢, ¢v and @, pu
is represented as:

pu= ~p[~;—<v¢o-7¢o~ U+ o+ s +7 b0V b

+but Han) T 4780|002 on Sa

(21)
Integrating the pressure px over the ship hull surface,
the hydrodynamic forces Fu: acting on a ship can be
obtained as:

Fri= —f/s‘mpynidS

=0 [ |30 807 0= U +7 807 81 i
+ﬂ/£m{7¢o'7¢u+¢uz
+ 07 po 7 90 |nas

+pgfj;mzn,-a’5,

(22)

where

(nl, N2, na)=n, (23)

(n4, 15, ns)=rxn. (24)
Here subscript 7 denotes 7-th motion, where 1,2,3,4,5
and 6 mean surge, sway, heave, roll, pitch and yaw
respectively. r is the vector of coordinate of the ship
hull surface. The first and second integration terms in
(22) mean the steady and unsteady hydrodynamic
forces respectively, and the third integration term the
hydrostatic forces.

3. A Rankiné Panel Method for Unsteady Ship
Hydrodynamic Forces in Regular Waves

In this section, a panel method is presented to solve
the equations about the unsteady components as de-
scribed above, and calculate hydrodynamic forces act-
ing on a ship advancing in regular waves. In the present
study Dawson’s Rankine panel method was applied to
the unsteady free-surface problems.

3.1 Velocity Potential and Boundary Conditions

A ship moving with constant mean forward velocity
in regular sinusoidal waves is considered. It is assumed
that the ship motions are linear and harmonic. Then the
vector of the oscillatory displacement of the ship a is
expressed as:

a=Rel(1+ 2% r)e ™}, (25)
where

1=(&, &, &),

Q=(54, &s, Es)~
Here I and £ denote the oscillatory translation and
rotation of the ship, relative to the origin o’. w means
the frequency of encounter. Re denotes to take the real
part of a complex number.

The velocity potential representing the unsteady
free-surface flow ¢y is expressed in the same form as
(25) :

pu(z, v, z, t)=Relp(z, y, 2)e” ], (26)
where the potential ¢(zx, v, 2), which is to be solved, is
given in complex form. The potential is expressed in the
following form :

6
¢:j2=1€i¢m'+ &(dp+ 1), 27
where
¢ - radiation potential per unit motion of j-th direc-
tion,
#p . diffraction potential per unit incident-wave

height,
é: - incident-wave potential,
& denotes the amplitude of incident-wave.
Substituting (25) through (27) into the boundary
conditions (11) and (16) and dropping the term of e ™™,
the boundary conditions for radiation and diffraction
problems are obtained as follows:

(a) radiation problem

[ F] ¢%S¢Rssj+2¢0s(¢0ss - iw)qﬁm + g¢sz""' w2¢kj=0
on z2=0, (28)
[H] égej=—itwn;+m; on Sa, (29)

where
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(Wll, ma2, m3)= _(n‘7)7¢0, (30)
(ma, ms, m5)=—(n‘l7)(rXV¢o), (31)

(b) diffraction problem
[F] ¢(2)s¢oss+2¢os(¢03$_iw)‘ﬁDs"‘gquz_wz¢D
= —{ P& buss + 2Pos(Poss — iw) 1s + gb1z— by ]

on z=0, (32)
[H] éon=-¢m on Sn (33)
Incident-wave potential ¢, is expressed as:
:__Z.i Kz _ i(—Kxcos x+Ky sin x)
b, P (34)
where wo is the incident-wave frequency, K the

wavenumber and y the angle of incident-wave direction
(see Fig.2). Eq. (34) satisfies the classical free-surface
condition. Substituting (34) into (19), the incident-wave
elevation & is expressed as:

§IU=R€[ é’/e‘—wt}, (35)
where
& :‘%( PoxPrzt doyPry— l'a)¢l)
=—§°0—[K (o cos X — oy sin x)
+w]ez‘(—-l{xcus x+Kysinx). (36)

If the perturbation of the steady flow field due to a ship
is neglected in (36), ¢or=U and ¢¢y=0, and thus
§I=§Oei(—mcosx+Kysin x)‘ (37)
3.2 Unsteady Hydrodynamic Forces
Substituting (25) and (26) into the second integration
term of (22), the unsteady hydrodynamic forces Fy; can
be written as:

Fu= Re[ Fre™'], (38)
where
F=o [[ |77 9~ ing
v oxn nwser s |nds. (39

(a) added mass and damping

The unsteady hydrodynamic pressure forces associat-
ed with the added mass and damping can be expressed
as:

6
Fi=jZ=IEjTij
6

=— Z;(CUZAU—F iwB;).
Here A;; and B are respectively the added mass and
damping coefficients associated with the force in the -
th direction due to the j~th mode of motion. T is
expressed as:

(41)

o |
\D

Incident Wave Ship

U~
x

Fig.2 Definition of wave direction

+%(ﬂf'V)(V¢°'V¢o)]nzdS, (42)
where
Bi=e; (G=1,2,3),
Bi=Bs_s Xr (j=4,5, 6),} (43)

e; - unit vector with respect to j-th direction.
(b) wave exciting forces
The wave exciting force E; can be expressed as:

E;j=FErx;+ Eb;, (44)
where

Erm=0§ﬂ;m(7¢0‘7¢l - ia)¢1)nde, (45)

EDj=p§0./lm(V¢o‘V¢p_i(l)¢D)ﬂde. (46)

Here Erx; is Froude-Krylov force and Ep; the wave
exciting force due to diffraction potential. Here it is
noted that the Ero includes the effect of steady
perturbation.

3.3 Radiation Condition of waves

Waves due to oscillatory singularity with forward
speed are composed of two components: one is the
deformed Kelvin waves due to oscillation and the other
is the deformed Ring waves due to forward velocity.
Following Naito et al. the former is called 4 waves and
the latter % waves'®. Therefore radiation conditions
corresponding to these waves should be considered.
This can be guessed from the following two-
dimensional linearized free-surface condition with
Rayleigh viscosity /¢ :

U —2iUw¢:+ gp.— ¢ — p(iwd — Up:)=0

on z=0. 47
In case of w=0 eq. (47) coincides with the free-surface
condition for steady-state wave-making problems. Then
term of ©#Ug. has the role of the radiation of the &
waves (Kelvin waves) only in the downstream direc-
tion. On the other hand, in case of U=0, eq. (47) coin-
cides with the free-surface condition for unsteady
motion. Then term of —juw¢ has the role of the radia-
tion of the k waves (Ring waves) in the outward
direction of the ship.

It has been known that the radiation condition of A
waves is ensured by an upstream finite difference opera-
tor for ¢z in (47) (¢s in 3D case)?, and that the
truncation error in the upstream finite difference opera-
tor is equivalent to the Rayleigh viscosity term ©£U¢: in
(47", That is, by the use of the upstream finite
difference, the term p¢U¢: can be omitted.

Therefore, in the present calculation, the upstream
finite difference operator is applied for the radiation
condition of & waves, and for the radiation condition of
k: waves Rayleigh viscosity # is employed®”. Namely,
the following condition with the term of — iuw¢ is dealt
with :

¢%s¢ss+2¢’08(¢ﬁss_iw)¢3+g¢2~w2¢_iﬂw¢:0
on z2=0, (48)
The value of ¢ has to be determined by parametric
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study. The optimum value is searched from the series
calculations of ¢ as explained later.

3.4 Numerical Procedure

Now the potential ¢, where ¢=dx for radiation
problem with respect to j-th motion and ¢=¢p for
diffraction problem, is expressed as a sum of two parts:

p=¢r+ du, (49)

where

¢r . potential representing free-surface,

¢u  potential representing ship hull.
¢~ and éu are expressed respectively as follows:

#:(P)= [[ 0:(@)Gr(P, @)dz'dy, (50)

$u(P)= [[ on(Q)G(P, Q)dS, (51)
where

Gr(P, Q)=1/z—x )V +(y—y P+ 2, (52)

Gu(P, @)=1/V(x—x)*+(y —y1)*+(z— 2)*
+1/ (=2 )+ (y —»)*+(z+2)?,
(53)

P : field point (x, ¥, 2),
@ : source point of the ship hull (zi, y1, 21,
Q' : source point of the free-surface (z’, ¥, 0),
or . strength of the source distribution on the free-
surface,
ox . strength of the source distribution on the ship
hull.
Here or and ox are complex variable.
Substituting (50) and (51) into the free-surface and
hull surface conditions, integral equations are obtained
as follows:

da []| or TGy + [ o Tas)

+2¢0s(¢Oss“’ iw)[/£F OF ag;F dx’dy’

S

+f£may ag” a’S]—(wz-i-z'ﬂw)[f'/;dp(?pdx’dy'

+ fﬁmaﬁcnds]—zngaf=~Eo on z=0, (54)

J o %t aray + [[ 0%t =~ H,

on Sn, (55)
where
(a) radiation problem
Eo:O, }
Ho=ia)ﬂj—7?2j, (56)

(b) diffraction problem
Ey= ¢%s¢lss+2¢05( ¢OSS— ia))¢ls +g¢lz~ (1)2()51,
_ } 6

Hy= ¢1n.
Discretizing (54) and (55) by using the method present-
ed by Hess and Smith® and Dawson®, the simultaneous
equations with respect to the source strength are com-
posed. By solving the equations the or and oy are
obtained.

4, Results and Discussions

4.1 Results for a Two-Dimensional Submerged Cyl-
inder

Calculations were made of the unsteady
hydrodynamic forces for a two-dimensional submerged
cylinder. The immersed depth is 2a, where a is radius of
the cylinder as shown in Fig. 3. The cylinder surface is
divided into 72 segments, and the free-surface region of
—25A<x <254, where A is wave length, is divided into
150 segments.

First, calculations were made in case of zero speed. In
this case the present free-surface condition coincides
with the classical linearized condition, and the exact
solution of the unsteady hydrodynamic forces has been
obtained. By comparing the present solution with the
exact solution, the effect of artificial parameter # for
the radiation condition was investigated.

It is indicated by Takagi that the optimum value for
¢ (=pjw) is about 0.10°". For the verification of the
value, calculations with three different values as y'=
0.08, 0.10 and 0.12 were carried out. Figs. 4, 5 and 6 show
the comparison of calculated results for surge motion.
The discrepancy among thrée added mass coefficients
for different 4’ is small and these results show good
agreement with the exact solution. With increase of «/,
damping coefficient becomes larger and is a little smal-
ler than the exact solution near w’a/g=0.5. It seems that
the calculated results for the radiation problem has
sufficient accuracy. Wave exciting forces show very

good agreement with the exact solution in all £ Thus

in case of zero speed it was verified that the present
method has sufficient accuracy for ¢ values considered.
From these results, 0.10 as ¢ was selected for the pres-
ent calculations.

Next, calculation accuracy of the present method was
examined in case of non-zero speed (Froude number Fra
(=U/Yga)=04). The calculations using two different
free-surface conditions were made: one is the present
free-surface condition and the other the classical free-
surface condition. The present method of solving prob-
lem is applied for the classical free-surface condition
(we call Linear calculation) to compare with the linear
solutions calculated by Kashiwagi et al. '? for the case
that (30) and (31) are omitted. Figs. 7, 8 and 9 show the

1k
>

2a

- L
N

Fig.3 Coordinate system and notation for the problem
of a two-dimensional submerged cylinder
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20 20
~——— Exact Solution
fra = 0.0 o =008 Fra Present Ref.(12)
A =010 DB.Linear| Linear | Linear
0O =012 04 O A (——
® A %
I 10f Q\D § 1.0
= \a\ =
< 6.8 8 a5 A_A_BODB 5 < —q—0—0—0—0— 000 Q
T=1025
I i f | i
o'Du.n 05 10 15 u'Oo.cl 05 10 15

walg

Fig. 4 Comparison of added mass coefficient for vari-
ous ,U, (Fm=0.0)

1.0
Fna = 0.0 -~ Exact Solution
o =008
a =010
o r=012
3
<
Sosf
=~
@
5 8 8 5
/@ 8
 —
@\MM
0.0 T i _d
08 05 1.0 15

w?a/g

Fig.5 Comparison of damping coefficient for various

Y (Fne=0.0)
16
fna = 0.0 Exact Solution
141 O # =008
1.2 a  w =010
0 #=012
« 1O
R
o
; 0.8
Z o8t
G,
04} \u\u\@\@
02 N\‘T
0. L . 1
"9 05 10 15 20

Ka=wla/g

Fig. 6 Comparison of wave exciting force for various
/1’ (Fna:0.0)

comparison with calculated results for surge motion.
Added mass and damping coefficient for Linear calcula-
tion show good agreement with Kashiwagi’'s results
except near r (=wU/g) =0.25. It is difficult to hold the
discontinuity of hydrodynamic coefficients at 7=0.25 in
the classical linearized theory, since radiation condition
of waves is dealt with approximately. The solution for
the present free-surface condition (we call D. B. Linear

calculation) are almost same with the Linear calcula-
tions except smaller wavenumber (v’a/g). Wave excit-

/g

Fig. 7 Comparison of added mass coefficient (Fna=
0.4)

1.0

[ Ppresent Ref.(12)
o} |D.B.Linear Linear | Linear
04 ! o a

B/ prra’w
o
o

wal/g

Fig. 8 Comparison of damping coefficient (Fn.=0.4)

1.6
Present Ref.(12)
Fna - - -
D.B.Linear| Linear | Linear
1.2+ g4, O a
A
o
3 / o‘i\g\
iV [e)
& . °©
~ 08 () o
] ~N,
w 4\10\2 o
~_ %o,
0.4[— \A\A\A o ci)
T=025 Thal)
00 1 A It 1 ,
0.0 05 1.0 15 20

Ka=w}a/g

Fig.9 Comparison of wave exciting force (Fne=0.4)

ing forces in head waves for Linear calculation show
very good agreement with Kashiwagi’s result. D. B.
Linear calculation is larger than Linear calculation at
large wavenumber and is smaller at small wavenumber.
For the diffraction problem the influence of steady
perturbation flow appears more remarkably when it is
compared with the results of the radiation problem.

4.2 Results for an Ellipsoidal Ship Hull Form

Calculations were made of diffraction problem for an
ellipsoidal ship hull form representing as:
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( x )2+ ( Yy )2 " ( z )221 tion of forward speed effect on hydrodynamic forces in
L/2 B/2 d ’ waves.
L/B=4, B/d=25, (58) Fig. 10 shows an example of the panel arrangement

where L is ship length, B the breadth and d the ship for free-surface and hull surface. The free-surface panel
draft. This form was used by Kobayashi'* for investiga- region has almost quadruple length of incident-wave

length. Table 1 shows the particulars of the free-surface
Table 1 Particulars of free-surface panel arrangement  panel arrangement. The number of the hull surface
panels is 184.

L Panel Region Minimgi::ePanel ng:::{s(’f Figs. 11, 12 and 13 show the comparison of wave
exciting forces in head waves for surge, heave and pitch
0.4,08|[x/L|< 1.72,1y/L| < 083]0.018L%0012L| 732 motions respectively. For comparison with the present

calculation, experiments and calculated results by using

the singularity distribution method presented by

20 X <415,1y/L|<083[0.018L%0.01 1044 . . ..
AL by/L ! ) 1o Kobayashi'* are plotted in the figures. The exciting

30 ||x/L]<6.23,]Y/L]<083{0.018LX0012L| 1188 forces for surge and heave motions show good agree-

1.2,16(]x/L]|<3.17,1¥/LI<083[0.018L%x0012L| 948

Free-Surface Panels

AR
i
1l
i
T
JIRRNI
7“1_1

S

Ship Hull Surface Panels

Fig. 10 Panel arrangement of free-surface and ship hull surface

0.15
fn Present Ref.(14)
Cal. Exp. Cal.
0.0 [ o |/
0.3 n o |-
010 10
=
L4
8 .
< 0O
— ,D” {D
= < ,-g = s
Ve Do
0.05 = ®0 g 051 » 470
o 5 ?f/o
. Present Ref.(14) w® °
Cal. | Exp. | Cal. 7
0.0 L o |— ] el
P 03 | ® | o |——= ;’cﬂf
0.0 [ ] 1 1 0.0 """!)"' 4 !
0.0 20 4.0 6.0 0.0 20 40 6.0
AL A/L

Fig. 11 Comparison of wave exciting force for surge Fig.12 Comparison of wave exciting force for heave
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10). The wave configuration around a ship advancing in
regular waves (we call Total waves) is represented as

the sum of steady waves, incident-waves and diffraction
waves components. Total waves become larger at the
bow and stern parts of the ship due to the superimpose
of steady and unsteady waves components.

Fig. 15 shows the change of profile of the Total waves
in a period of encounter. It can be observed that at 1/
8T, where T is a period of encounter (=2n/w), the
wave elevations at bow and stern become larger due to
the superimpose of steady and unsteady waves compo-
nents, and at 1/27 they become smaller due to the
cancel of steady and unsteady waves. Thus by using the
present method, not only steady waves but also
unsteady waves around the ship can be calculated easily.
This is one of the features of the present method, and
the valuable information such as pressure distribution
on ship hull and the velocity components in addition to
the wave configuration can also be obtained. '

5. Concluding Remarks

In this paper an investigation was made of panel
method for unsteady ship hydrodynamic forces. First,
formulations were made for both steady and unsteady
free-surface conditions under the assumption of small
perturbation over the double body flow. A newly der-
ived free-surface condition for unsteady motion make a
theoretical pair with Dawson’s steady linearized free-
surface condition®. By use of a Rankine panel method,
calculations were made of unsteady ship hydrodynamic
forces such as added mass, damping and wave exciting

forces for a two-dimensional submerged cylinder and an
ellipsoidal ship hull form. By comparing with other
calculations and experiments it is confirmed that the
present results show good agreement with them. Fur-
ther, an improvement of the accuracy is observed in the
wave exciting force for surge motion with forward
speed. It is noted that the present method can give
valuable information such as wave configurations
around a ship in unsteady case. Thus it can be said that
the present method is useful for better understanding of
unsteady free-surface flow problems. Extension of the
present method to the calculations of ship motion and
second order steady forces such as added resistance and
wave drifting forces is a future work together with an
improvement of the accuracy of the present method.
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Appendix Comparison of Free-Surface Conditions
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20)

21)

22)

23)

24)

The free-surface condition presented by Sakamoto
and Baba'? is expressed as:
Do+ 20 oV due +V¢0‘V(V¢0'V¢U)+Q¢Uz=0
on z=0. (A-1)
An index s which denotes a derivative in the stream-
line direction of the double body flow is introduced.
Then eq. (A-1) can be expressed as:
Dot + 2Posbust + PisDuss + PosPossPus + 9Pu2=0
on z=0. (A-2)
According to the assumptions on order of magnitude by
Sakamoto and Baba, the fourth term of left-side in eq.
(A-2) can be neglected because of higher order term.
Then eq. (A-2) is expressed as:
¢Utt +2¢05¢Us£ + ¢(2)s¢llss+g¢uz:0 on z=0. (A‘3)
By comparing eq. (A-3) with the present condition
(11), it is found that the present condition has an added
term of 2dosdossPus to Sakamoto and Baba’s one.
Further, if the lateral disturbance on 2=0 is small, we
can approximate as follows:
i’\'—@—
s ox’
dos=U.
Then, the present free-surface condition coincides with
the classical unsteady linearized free-surface condition
as:
¢U:t+2U¢Uzt+ U2¢sz+g¢Uz:O on 2=0. (A'4)
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