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Abstract - Free surface behavior is a common
phenomenon in the nature. It combines spray creatig
large deformation and breakup of water. Due to its
unfixed computational boundary, the boundary positon
needs to be solved as a portion of result. Howevet,is a
challenge to give sufficient spatial resolutions ahg the
time-dependently changing free surface. In this pagr, a
mesh free method, moving particle semi-implicit métod
(MPS), based on the “particle mechanics” will be usd
and applied to analyze the phenomena of a ship with
partially filled tanks rolling in regular waves. Thereby,
not only the external flow around the hull but alsothe
free surface flow inside partially filled tanks can be
simulated together by using a single algorithm baskon
this method. The influences of the sloshing effecésulted
from the free surface flow to the rolling of a shipwill be
discussed in this paper. Some case studies will beosen
for demonstrating results thanks to the advantage fathis
method.

of particles. The accuracy of result can be colgdoby the
number of particles. The information of computatibn
domain can be obtained more detail by means ofingutt
more particles. The simulation of two-dimensionalid
fragmentation is presented in this paper.

NUMERICAL METHOD

The moving particle semi-implicit method (MPS) was
meshless method for incompressible flow with fredaces.
It was advocated by Koshizuka et.al [4] in 1995e THasic
concept comes from solving the discrete particlesiduted
in the computational and boundary domain. Eachigartas
corresponding information of coordinate, velocitynda
pressure. The kernel function is employed to siteula
particle interacts with its neighboring particlé®y tracing
the motion of every particle in Lagrangian coordénahe
information of particles is obtained then.

I. Governing Equations

Key Words Free surface flow, Mesh-free method, Moving Governing equations are the mass, momentum corierva

particle semi-implicit method, Sloshing effect.
INTRODUCTION

Numerical simulation is difficult to calculate flli
fragmentation on the free surface. Another diffigubf
numerical simulation exists in handling complex medtry.
However, in the field of naval architecture, thepito of
simulating free surface has been concerned allgaldm

general, MAC method (Marker and Cell) [1] and VOF denotes

method (Volume of Fluid) [2] are introduced popilyjain
solving the free surface problem. Recently, the hites
methods have been put emphasis on simulating tndace.
In this paper, a meshfree method, moving partidmis
implicit method (MPS) [3], based on the
mechanics” will be introduced and applied to analyhe
unsteady free surface flow. The MPS has the capald

“particle

equations for Newtonian, incompressible flows dofes:
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Equation (1) is mass conservation and (2) is moument
conservation with convection terms. The left haide ®f (2)
the convection terms in Lagrangian
differentiation and describes the particle motidhe right
hand side consists of pressure gradient and femast All
differential terms are discretized to simulate theraction
between patrticles.

Il. Kernel Functions

The continuous flow is supposed to consist of pladi with

analyze more complex geometry and physics than gridoordinate, velocity and pressure information. Artipke

methods. In the method, it is unnecessary to gémenash
and the numerical diffusion doesn’t need to be riakeo
account, because the convection is embedded imdi®n

interacts with its neighboring particles in a sfiearea. The
kernel functionw(r) is employed to describe the interaction
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between particles. The kernel function employedthis  governing equation. Because of (8) is not sensitive

research is as follows: absolute pressure, it can be arranged as follows:
L 3 d -
wry=qy +Osr<w) ®) DQ:TZQ Wz(rj—ri)aﬁrj—ri‘) ©)
0 (r<r,) n i¢i‘rj -,

In (3),r is a distance between two particles ani the

radius of the interaction area. The interaction dam Y i is computed from (10)
neglected at > r.. However, the kernel function is infinity at
r = 0. It means the overlap between particles caavioi&ed @ = min(qoj) (10)

3]
Ill. Particle Number Density . .
V. Modeling of Laplacian

Particle number density, is defined by (4) where particle y ) ) ) -
is located at coordinate The operatorfl“g is obtained by introducing the diffusion

equation. The modeling of Laplacian is presentefdiésns:

n = r-r (4)
ek =205 (g - aedr, -1

j#i 0% =—Y (12)
4=
Equation (4) can be expressed as the contributiom f Zw@r _r_ur_ _r_‘z
particle i itself. It also denotes the concentrated extent of G oo (12)

neighboring particles around particie The number of Zer —r‘)
particles in a unit volume can be written as thiatien = I
betweem; andN;:

where/ is introduced so that the variance increase is
n (5) equal to the analytical solution.

jw(r)dv

\

N. =

VI. Boundary Condition

_ . . Actual boundary conditions for the MPS method anepte
The dominator of (5) is the integral of the kernelhandling than traditional numerical method. Becatrsse

function in the whole region. are no particles outside of the free surface, thetigle
number density on the free surface is smaller timathe
o =mN, = mn (6) liquid. If a particle satisfies
j a(r)dv )
v n <A (13)
Equation(6) shows that the fluid density is proportional It will be defined as free surface. Thus, it is not

to the particle number density whemedenotes mass of a pecessary to define free surface specifically. Heris a
particle. For incompressible flow, the particle men parameter which is smaller than 1. In this papeés, chosen

density keeps a constant as to be 0.97.
no = qurjo _ rio‘) @ VI Calculation Parameters
i#] The distance between two neighboring partitJé&s0.008 m.
IV. Modeling of Gradient The density of liquidp is 1000 kg. m® and the gravityg is

A gradient vector between two particlesand j can be 9.8 m/$. Koshizuka [4] advocatedre = 2.1, when
defined as @ -y )(rj-r;)/ | r;-r; | 2 Therefore, the gradient calculating the particle number density and the efiod of
vector atr; is obtained by a weighted average of thesegradient. On the other hand, use 4.0, for the modeling

vectors. of Laplacian. Each time step is considered accgrttinthe
Courant equation.
d o ¢~ ¢
Og=—>— ro—r, a.ﬂr. -r, (8)
4w r - <o, -n el ) At :min(mov ,1.O><10’3) (14)

where d is the number of space dimensiona. this ¢ is chosen as 0.1 angl.is the temporal maximum velocity
paper, (9) is used instead of (8). The modelingraflient is  of particles.
introduced to compute the pressure gradient term in
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0.0 sec.

CALCULATION RESULTS

Calculations of a ship rolling in waves are presdntThe
effects of viscosity and surface tension are negtecThe
total number of particles used for the simulatisnabout
7,000. The initial particle configuration is shownFigure 1.
The breadth of the tank is 0.133 m, the depth03®m and
the draft is 0.042 m. The waves are generated pistan
type wave generator. The period of wave maker3s 8ec.
Four different cases as below are calculated.

e Without flooding water in the ship.

e With flooding water in the ship.

e Without flooding water in the ship and without stiler.
e With flooding water in the ship and with stabilizer

1.0 sec.

2.0 sec.

4.0 sec.

20m

5.0 sec.

FIGURE 1
GEOMETRY CONFIGURATION FORCOMPUTATION.

FIGURE 4
SIMULATION OF FREEMOTIONS OFA SHIP WITHOUT FLOODING WATER IN
WAVES.
6.0
5.0F .
~ 4.0F fi
: i i
£ 20 fo T AN - —
o 10 sl AV .
% 50k ¥ o T T T
g.of LA R WP SO W AN ¥ WY |
=20k Y A V) YA
[} F U
FIGURE 2 R 3.0
A SHIP WITHOUT STABILIZER. "5"32. L L . . L L L
o 1 2 3 4 5
t(sec.)
0,12
0.10 F
E 0.03f
o0 0.06 F 7 /
2 0.04 F ; i
Z o.0zf Vi
0.00:
_0020' 1 1 1 1 1 1 1 2 L 1 L 3 L L 4 1 1 5
t(sec.)
FIGURE 3
A SHIP WITH STABILIZER. 0.03 ¢
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I. Without Stabilizer ook /\ A / /\
o o
Theoretically, the free-surface effect may indudarge roll £ 0.00 W \ / / \ / \ / / \
angle and then reduce the stability of the shiporder to s \ / \/ \ \/ \ / \
investigating the free-surface effect when the waite '0'01; v ¥ Y Y
partially filled in the tank, a tank without stabdr is 0.02 e ST e
. . . . . 0 1 2 3 4 5
selected for numerical simulation. Figure 4 andl&trates t (sec.)
the condition of a ship with and without floodingater in
waves. Figure 5 and 7 demonstrates the time histaf the FIGURE 5

sway and heave motion of the Shlp THE FREEMOTIONS OFA SHIP WITHOUT FLOODING WATER.
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0.0 sec.

0.0 sec

1.0 sec. :

1.0 sec

5.0 sec.

FIGURE 6
SIMULATION OF FREEMOTIONS OFA SHIP WITH FLOODING WATER IN
WAVES.
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FIGURE 7
THE FREEMOTIONS OFA SHIP WITH FLOODING WATER.

Il. With Stabilizer

Simulate the effects of the stabilizer about thenfer two

cases.

Coimbra, Portugal

FIGURE 8
SIMULATION OF FREEMOTIONS OFA SHIP WITH STABILIZER IN WAVES.
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FIGURE 9
THE FREEMOTIONS OFA SHIP WITH STABILIZER (WITHOUT FLOODING
WATER).
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0.0 sec

2.0 sec

4.0 sec. 4

5.0 sec

FIGURE 10
SIMULATION OF FREEMOTIONS OFA SHIP WITH FLOODING WATER AND
STABILIZER IN WAVES.
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FIGURE 11

THE FREEMOTIONS OFA SHIP WITH STABILIZER (WITH FLOODING WATER).
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I1l. Results

The figures below show the change of rolling arayte the
angular velocity, the strength of waves, of thepsiirom
figure 12 and 13, it is the difference between shia with
and without flooding water. The results show theeinfree-
surface effect influence the stabilization of apsbkéeriously.
If the waves become violent, the ship may havesk t®
capsize. In addition, figure 14 and 15 tell thefaténce
between installing the stabilizer or not when thgpsis
without flooding water. Figure 16 and 17 demonstrdte
difference between installing the stabilizer or mdten the
ship is with flooding water. From figure 14 and 1&g
results show the average rolling frequency which
decreased when the stabilizer installed on the. dhipm
figure 15 and 17, the max intensity of waves wasesed
by the stabilizer. Therefore, it is obviously thia¢ stabilizer
can reduce the rolling frequency of the ship amdititensity
of waves acting on the ship.
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FIGURE 12
THE EFFECT OF THEINTERNAL FREE SURFACE FLOW.
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FIGURE 13
THE EFFECT OF THEINTERNAL FREE SURFACE DUE TO FLOODING WATER.
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FIGURE 14
THE EFFECT OF THESTABILIZER (WITHOUT FLOODING WATER).
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At present, the simulation
tension and the violent
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does not include thdasear
wave generation. Further

improvements are necessary for computing many dkber

omenon.
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FIGURE 15
THE EFFECT OF THESTABILIZER (WITHOUT FLOODING WATER).
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FIGURE 17
THE EFFECT OF THESTABILIZER (WITH FLOODING WATER).

CONCLUSIONS

This paper presents 2D results from the numericallation
of a ship rolling in waves. The internal flow ofoéiding
water inside the ship and the external flow abbatship can
be calculated simultaneously. In contrast to tlelitional
mesh methods, the MPS method provides obvious tatyan
for dealing with free-surface flow. Without strigrfor extra
arrangement for the moving grids and using any dcated
algorithms, the simulation can be carried out diyedNot
only the time and effort in grid generation cansheed, but
also the phenomenon of the free-surface flow cariubg
captured.

It can be seen that flooding water in the ship can
produce a strongly negative effect on the rollingtion of
the ship. Therefore, it is necessary to avoid ffeceof free-
surface flow for safety consideration. The stabilizan be
used to prolong the rolling period effectively tafarring to
the numerical results shown above.
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