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Scheme Method and Performing Experiment
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Department of Naval Architecture, Faculty of Engineering, Hasanuddin University, Makassar 90243, Indonesia

Abstract: Prediction of ship performance in preliminary ship design is an important consideration. It could guarantee ship in safe and
comfort. However, many design works did not involve simultaneously ship performances predictions in preliminary design.
Moreover, ship designers sometimes modified a ship form to obtain proper design without ship performance consideration. There fore,
this study concerns on predictions of total resistance and added wave resistance of a ferry using a hybrid particle-grid method and
then its motions response afier modifying bow and stem parts by conducting experiment. Research results show total resistance and
added wave resistance have a significant different, therefore, it would be an important consideration in determining ship powering in
preliminary ship design. The non-dimensional added wave resistance increases in increasing wave length from A/L,, = 0.5 to 1.0 and
it decreases after L/A = 1.0. In addition, it tends to decrease caused by increasing ship speed. The comparison of averaged heave and
pitch amplitudes between basic forms after modifying bow and stern parts is quiet similar. However, the rolling amplitude of the
modified form is significantly higher comparing with the basic form. We conclude that a ship could be design in preliminary design
take into account performances predictions by using numerical method and experimental work.

Keywords: Resistance,added wave resistance heave motion, pitch motion, rolling motion.

1. Introduction CFD method to apply to hull form design and sterns

. o . . with devices of complex forms. However, the
A proper ship design is ownership expectation and . . . .
. . . solutions are sufficient accurate. They still require
it could contribute some beneficial costs. In order to .
. . . . . experimental results.
obtain a proper ship design, it is iteratively processed . .
. Recently, we have developed hybrid scheme which
that reflects the design methodology and strategy. . . . . . .
. A is Eulerian grid with Lagrangian particles [6] to
However, this would become difficult to wuse .
] . . . combine the advantages and to compensate for the
appropriate design tools and possible take longer time.

In 1946, CFD (computational fluid
dynamics)methods began replacing analytic equations

disadvantages in both the grid-based and the particle
based methods. This developed method has been

. . o . . applied to many various cases in naval architecture
and experimental fluid dynamics in ship design. Over . . . .
) . . and ocean engineering fields. It was applied to ship
the past several years, according to rapid advances in . . .
; . propulsion  performance [7], ship seakeeping
hardware and several computational techniques, some . . . .
) performace [8], ship motions with hydroelastic effects
researchers concern on developing CFD method take . . ) .
. . . [8], and investigation of resistance reduction by
into account all hydrodynamic behaviors to become . .
. . improving stern part [9], etc. However, we need more
applicable and practical tools. o o . .
. . quantitative assessments in integrating design for
In naval architecture and ocean engineering field, L. .
. preliminary design step purpose.
the developed CFD methods have been done involved o . .
. . In additions, ship hull form under still water could
several computational techniques [1-5] developed The o . .
be optimized to obtained proper design based on

minimum resistance and good motions by computing
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2 A Practical Hull Form Design of Ferry Using Hybrid Scheme Method and Performing Experiment

Therefore, in this study, the developed method has
been extended its usefulness in preliminary design
step combined with conducting experiment.

2. Computational Method

In this section, the numerical method, which
combines the Eulerian scheme and the Lagrangian
particles by coupling the SPH (Smoothed Particle
Hydrodynamics) method and CIP(Cubic-Interpolated
Pseudo Pagiele) method with particle, are described
concisely. First, the CIP method with particles is
introduced as a numerical scheme thaggombines the
accuracy of Lagragian front tracking. Thereafter, the
SPH method is employed to calculate deformation,

strain, stress of elastic body, and 3D motion.
2.1 Arrangement of Grids and Particles

The developed Eulerian scheme with Lagrangian
particles has been illustrated as shown in Fig.1. This
scheme uses a staggered grid system and has two
types of Lagrange particles, ie. SPH particles
todescribe solid and free surface particles to capture
frsurface accurately.

Density function ¢, defined on a grid node is
correctfﬁ by using density function ¢, on free

face particles within referenced area with radius 4.
A smooth approximation of a density function can be

R T
(Gas || ¢, |

a |

Free surface pariicle |

|
Uoua [ 5

Fig. 1lllustration of the proposed model (¢; indicates
density function; Lagrangian particles are located on
Eulerian grid).

nstructed by using a Kernel function in the SPH
method.

2.2 Governing Equations for Filuid Phase

The governing equations for fluid phase consist of
the mass conservatiem equation, incompressible
Navier-Stokes equation and the equation of continuity,

I-phase density function ¢,(0<¢; <1) and its
advection equation. The equations are expressed as
follows:
oir,
ox,
ou, _ ou,
+ 0, — =
ox;
1 gP Or o, —
ST AL T Ly £ ~ +gr'+1..r”s:'(‘,}
p Ox, Ox, p Ox,0x, =S
cd _ 0
) Y ox .

where, wujis the velocity, u the coefficient of fluid
viscosity, p the fluid density, P the pressure, Fy; the
fluid-structure interaction, githe acceleration due to
garvity, 7, the SGS stress term, and ¢, the density
function. To reduce model parameters, the SGS
(Subgrid-Scale)stress term is solved by using the
dynamic SGS model proposed by Germano.More
details are provided by Mutsuda and Yasuda [10].

1
2.3 Advection Step and Non-advection Step

The governing equations solved by using the
splitting method which is nitable for solving a
multi-phase flow without smearing > density across
interface between air and water. The advection step is
calculated by the CIP method proposed by Takewaki
and Yabe [11]. Then, the type-Mncheme of the CIP
method is employed by using the third-order accuracy
On the other hand, the

non-advection step is solved by using the

in time and space.

second-order finite difference method.
2.4 Governing Equations for Solid Phase

The goveming equations for solid phase are the
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continuity and momentum equations as follows:
Dp ou'

=0 4
Dt +pax’ @
Du' oo’ .,

Dt = o +g _Ff.'s'f )

i

density, u the
P=-0,, /3 the position [ of vector

where, §Y is the velocity,
components, the stress tensor of the solid aase, and
Fp; the fluid structure interaction term. The stress
tensor 7 in Eq.(5)is given by
ol =-P5"+ 8Y (6)
where, §7 is the deviatoric stress tensor, the pressure
solved by the Poisson’sEq. (9) as rg'ltioned below.
Our numerical model considers a large ddormation
of an elastoplastic body. The solid body changes at
every calculation step by wusing the following
equation: 2
{dS7} = [D]{de"} (7
where, D% is the elastoplastic matrix, de&” the time
increment of the strain, and dS”the time increment of
the deviatoric stress. To s rotation of the solid
phase during a deformation, the Jaumann derivative is
used to ensure material frame indifference with
respect to the rotation as fﬂow:
o _ 2;{3" —15‘.&-*‘7J+Sikﬂjk +ok sk (8)
dt 3
where, «'ais the strain rate tensor and £2the spin tensor.
The pressure with specified jump conditions is
solved by the Poisson’s equation given by:

a+l .
V_[VP_ ]=V u ©
2 At

where, * denotes a physical value after the advection

step. The pressure for solid phase can be obtained by
this equation and be applied in solving a solid
deformation.

The fluid structure interaction figis solved by
acceleration obtained from the pressure on the SPH
particles interpolated using the pressure on grids
2). In the model, the fluid
structure interaction Fg; in Egs.(2) and (5) can be

solved by the Poisson’s E

given by the following equation:

l Zmbmvgw(ra—l},,ﬁ)(lﬁ)
p(rﬂ) b p(rb)

To keep computational efficiency and stability, the

Fla(r,)=-

time increment in the solid phase is approximately
1/10 to 1/50 of that in fluid phase.

2.5 Ship Motions

A ship motion is solved by using information
obtained from SPH particles because a ship hull
consists of SPH particles capturing motion and
deformation of a ship. Therefore, the 3D motion of a
ship hull is represented by describing translation and
rotation of the center of gravity of a ship hull by using
the following equations:

o’x, F,
_";:;_P}.\-r' (11)
ot m,
Jw,
[—=T (12)
ot
a6
il =, (13
ot
where, 8, is the rotational angle, ; the angular

velocity, Tithe torque, / the inertia moment, and Fyithe
fluid structure interaction. In addition, the center of
gravity of a ship hull can be obtained by solving the
inertia moment of SPH particles, and this is calculated
theory [12]. Therefore, the
coordinates of velocity of each SPH particle in every

by using Baraff

time step can be tracked by using the rotation matrix
and the amount of the angle rotation of the center of
gravity. The quaternion is also used instead of the
rotation matrix R(¢) in 3D to avoid the Gimbal lock
phenomenon.

3. Experimental Method

The motions test is performed in water tank which
Naval  Architecture

Hasanuddin University. The purposes are to measure

belongs to Department,

heave, pitch, and roll amplitudes in zero speed.
The ferry model was made of wood and it is
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suitable with dimensions of the water tank. The body
BISS plan of the ship is shown in Fig. 2. Then, the
main dimensions of the actual ship and the model are
presented in Table 1.

The experimental set up was determined and
designed. The ship model is kept on constant and free
position with still water draft. The main dimensions of
water tank are provided in Table 2. The water tank is
equipped with wave maker. Here, wave periode 1 is
set to 1,200ms. The circle of regular wave is stable
greater than 60,000ms. Therefore, the experimental
data is collected from 60,000ms to 70,000ms. The
experiment design and motions measurement are

shown schematically in Fig. 3.

. — ..
/ﬁ( WL3

W4
- WL
VL2
WLl
. - WL

——

iz. 2 Ship body lines plan.

Table1 Main dimensions of the actual shipand the model.
Actual ship Maodel
Lpp (m) 471 0.60
B (m) 14 0.17
H(m) 335 0.05
T{m) 224 0.03
V (knot) 12 -

3
Table2 The dimensions of the water tank.

Length (m) 18
Width (m) 1.35
Height (m) 1.2
Depth (m) 0.8

Measurement Device

Ship Direction

— - .
/ Wave Direction

:/
L& x Water Tank ;’r
Fig.3 Experiment design.

4, Validations

Fig. 4 shows comparison results of resistance of
high speed ferry in calm water between computation
and experiment. From the figure, the tendency of the
resistance shows the saa‘ Then, this shows overall
results of computation are in good agreement with
experimental results.

Figs. 5 and 6 show comparison of fishing boat
motions between numerical and experimental results.

0.08 . .

007~ experiment . b
| ®  computation

S 006 4
0.051 B

1 1

0.04 0.1 0.2 0.3
Fn= V/{ gL

Fig. 4 Comparison of the resistance between computation
and experiment.

15 i
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A Experiment A A
P WA ® o
z ! o
= o
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i
Fig. 5 Heave transfer function of the ship.
0.6
]
0.5 26—.
--E 0.4 2 &
=~
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= 0z A
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0.1 ©
0
o 0.5 1 15

Jui

Fig. 6 Pitch transfer function of the ship.
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Based on transfer function of the heave and pitch, the
motions were yie]da maximum value when m
=1. Therefore, the numerical results show in good
agreement with the experimental results.

5. Results and Discussions

5.1 Resistance and Added Wave Resistance Using
Numerical Method

The computational conditions were set where the
grid size is normalized by length between
perpendiculars (L,,) 0.0025-0.015L,,and the radius of
free surface particle is 0.00125-0.005L,,. Then, the
radius of the SPH particle is 0.00125L,,. In the model,
the ferry is represented by a large number of the SPH
particles traced by particle based method as shown in
Fig. 7. For wave conditions, the incident regular wave
height is set toff,/L,, = 0.01. The wave length is
ranged from A/L,, = 0.5 to 2.0. In additions, the speed
is set in maximum Fn=0.29.

Ship resistance and added wave resistance have
been normalized. Non-dimensional resistance is
defined by water densityp, speed V, and wetted
surface area S. Fig. 8 shows total resistance of the
ferry. The total resistance consists of both frictional
resistance and pressure resistance. The frictional
resistance is calculated wusing density function
@ considering a water line and coefficient of
resistance for flat plate turbulent boundary layer based
on Schoenherr formula. The tendency of the total
resistance from Fr=0.12 to 0.17 decreasesand then
increases until increases until Fn = 0.29. This
resistance tendency is the same with our previous
results [7] where it had been wvalidated with
experimental result.

Fig. 9 shows the non-dimensional added wave
resistance in wave height H,,/L,, = 0.01 and Fr=0.29.
The nondimensional added
AR/(pg(H,/2)°B*/L) is normalized by wave height H,,
ship length L and ship width B. Using this method, the
added wave resistance is obtained from computation

wave resistance

resultsbetweenthe resistancein thecalm waterand that in

Stern part

h

Fig. 7 The ferry model represented by a number of SPH

particle.
0.006
®
0.005 L
*
% 0.004 ®
[ ] L ]
® L]
L ]
0.003 L]
0.002
0.08 018 0.28
Fr
Fig. 8 The total resistance of the ferry.
3
25
[ ]
°® *
Y L [
Ll ]

=
wn

Added Wave Resistance
(AR/pg(H /2)°B/L)
P

04 06 08 1 12 14 16 18 2
L/A

Fig. 9 The added wave resistance of the ferryin H,/L,, =
0.01.
the regular wave. The non-dimensional addedwave
resistance decrease in increasing ship speed. The
non-dimensional added wave resistance increases in
increasing wave length A/L,, = 0.5 to 1.0 in Fr=0.29
and it then decreases after A/L,, = 1.0. In addition, our
method was applied also to that ferry with waveheight
H,/Ly= 0.08, where, this means extreme condition.
The added wave resistance is higher than wave height
H,/L,,=0.01.
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The numerical method was then applied to
resistance of the ferry after modification its hull under
still water. Bow and stern parts were only considered
to be modified simultaneously. Figs. 10 and Il are
show an example bow and stern part modification.
The

longitudinal centre buoyancy LCB in range -3% to +3%

bow-stern modifications are limited by
of amidship to avoid trim conditions. This means also
that the ferry volume is kept constant eventhought it is
after modification. The modification of bow and stern
sections was done by trial and error where the
movement of buoyancy point in range -3% to +3%
which has been explained previously. Therefore, the
modification forms were resulted sevenforms; M1,
M2, M3, M4, M5, M6 and M7, respectively.

Fig. 12 shows resistance reduction each modified
form. Based on the Fig. 12, the M1 form has higher
resistance reduction around 5.7% compared with other
modifications. The displacement of LCB point is
about -2.9% from amidship. This means that the
modification in bow part could reduce significantly
resistance compared with in stern part. Based on the
research result, this is indicated that the modification
M1 can reduced more generation of wave making
resistance through the bow of M1 comparing with
others and it also has slightly better and finest bow.

The numerical method can be used in preliminary
design stage to predict ship resistance and added wave
resistance. In order to optimize ship hull form under
still water based on resistance and added wave
resistance during initial design process, it could be

useful as well.

3.2 Prediction on Ship Motions by Conducting

Experiment

The

preliminary design process is sometimes neglected. It

seakeeping performance of a ship in

is an important consideration to obtain proper design.

Nowadays, there are some numerical methods

available that could be used. To make more detail

interpretation concerning on ship seakeeping per for

mance and then develope our numerical method, we
need more experimental results. Therefore, in section
5.2 the motions of ferry which has higher resistance

(a). Bow section
enlargement

65 0

(b). Stern section

v
/
/
/
/
/
/
/S
V4
/
,/
/ y
‘/I/ T_> X
AP 5

WL
WLd
L]
WLe
WLL
Wil

Fig. 11 Body lines form al-'nidsllip to bow part both basic
and modification forms,

w

s

=]

Resistance reduction (%)
w

-

M1 M2 M3 M4 M5 ME M7

Modification Form

Fig. 12 The resistance reduction of each modified form.
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Heave ampltude
(mm)

O ©

un

-100

Pitch amplitude
(degree)

Roll amplitude (degree)

-20

Wave Periode [ms)
Fig. 13 Time history of heave, pitch, and roll amplitudes
both basic andd modification forms.

reduction M1 are then predicted by conducting
experiment in order to interpret ship seakeeping for
preliminary design purpose. The speed model was
setto zero. The heave, pitch, and roll are considered
and others are fixed. The ferry main dimensions have
similar with previous computational work. The other
experimental parameters have been stated previously
into experimental set-up sub-section.

In interpreting the motions, heave and pitch
motions have been normalized. Non-dimensional
heave is defined by /4,/H, and then pitch and roll are
defined by #/H,K), where Handfare
pitch motions amplitude, respectively, H,, the incident

eave and

w height and K the wave number.

Fig. 13 shows time histories of the heave, pitch, and
roll amplitudes. Based on that figure, the average
non-dimensional heave amplitudes of the basic form
and the modification form are 0.44 and 041,

respectively. Moreover, the averaged non-dimensional

pitch amplitudes of the basic form and the
modification form are 0.93 and 0.97, respectively.
They are seen closer both basic form and modification
form. However, the average non-dimensional roll
amplitudes of the basic form and the modification
form are sufficient different 1.15 and 1.38,
respectively.

The heave motion for both forms is less than H/H,,
=1.0. Also both form
isf /(H,K)=1.0. These means that ship forms have a

good geometry even the wave length A/L is greater

the pitch motion for

than 2.0. However, the roll motion is greater than
04 H,K)=1.0. This motion is concern point for that
wave condition.

6. Conclusions

The present study, the hybrid Eulerian scheme with
Lagrangian particle method can be applied practically
to predict ship resistance and added wave resistance in
preliminary design stage. Moreover, it is useful also to
optimize ship hull form under still water based on
resistance and added wave resistance. Based on
modification work, the optimum resistance reduction
of the modified form under still water could be
achieved approximately 5.7%. The modification in
bow part could reduce significantly resistance
compared with in stern part.

In additions, the heave, pitch, and roll motions have
been predicted as well by conducting experiment. The
modified form affects approximately 9% on increasing
quiet small heave, pitch, and roll motion. Therefore,
method

experimental work is proper way in preliminary

numerical involved simultaneously with

design stage.
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