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ABSTRACT
To control the roll, pitch motion and speed of the ship, a proposed system of

spoilers is mounted at the bottom of the ship. The bow spoilers consist of an even
number of sections arranged port and starboard forward of the center of mass of the ship.
The stern spoilers consist of an even number of sections arranged port and starboard
attached to the ship’s transom or transom plate. Injecting exhaust gas stabilizes cavities
behind spoilers. The forces and moments acting on the ship’s botiom depend on its
inclination, spoiler extensions and positions of the spoilers relative to the ship's center of

mass.

To improve the understandiné of the parameters affecting the flow field around
such spoiler, we computed the flow field with different spoiler position, and inclination
angle with air flow injection. We used a three-dimensional Navier-Stokes code (CFDRC,
2000) to model the two-phase flow field around a ship spoiler with the Free Surface
simulation in Piecewise Linear Interface Construction (PLIC) method. The governing
equations are discretized on a structured grid using an upwind difference scheme. For
different conditions, we determine the bubbles shape, the two-dimensional flowfield
around the spoiler body and the pressure variation on the wake of the spoiler body.
Higher spoiler inclination angle gives higher pressure difference between front and back
of the spoiler. Spoiler with injection at a distance L from ship spoiler gives higher
pressure difference between front and back of the spoiler than injection just beside the
spoiler In spoiler with 45° inclination angle the cavity has high stability with long bubble
foot shape. The bubble shape depends on the spoiler position and inclination. These

parameters affect the roll, pitch and speed of the ship.

KEYWORDS
Ship, Spoiler, Cavitation, Hydrofoils, Free surface, Two-Phase Flows.

NOMENCLATURE

d. the local cell “dimension™ (or length- scale)

F liquid volume fraction

L spoiler angle m

P fluid static pressure N/m’
P, total pressure N/m’

A physical time step second
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Ar,  the maximum time step that can be taken in cell ¢ second
wvw velocity 1n X, y, w respectively m/'s

Ve thelocal velocity vector
Ve  the volume of the cell truncated by the cutting plane m’

Vo the volume of the whole cell o’
GREEK LETTERS

) the volume- averaged quantity m’

0 density kg/m’
g the surface tension between the two fluids N/m

8 spoiler inclination angle degree
SUFFIXES

1 the value of the property fluid one {air)

2 the value of the property fluid two {water)

ABBREVIATION

VOF Volume- Of- Fluid
SLIC Single Line Interface Construction Method
PLIC Piecewise Linear Interface Construction Method

1. INTRODUCTION

A system of spoilers is mounted at the bottom of the ship. They can be classified
into Bow spoilers and Stern Spoilers as shown in figure 1. Hull-mounted cavitating
spoilers have been shown, by the Krylov Shipbuilding Research Institute {Russia), to be
an effective means for motion reduction in high-speed displacement-hull vessels. The
specific design details of the Russian system are not available for propriety reasons.
There resulis, quoted by Soper, et al., 1998 show that by appropriately choosing the
number, extension, and distribution of the spoilers, one can effect an optimal trim of the
ship over the whole speed range and a reduction in the ship motion when moving in
waves. Roll reduction by a factor of 2 to 5 depending on the sea state. Pitch reduction by
a factor of 1.2 to 1.5 depending on the sea state. An increase in the efficiency and hence
the speed are by a factor of 10% to 20%. Under “MURI” research project, a theoretical
investigation of the effectiveness and design of such a system has been undertaken by
Soper, etal, 1998, They used the panel method by developing a two-dimensional quasi-
steady numerical local model for the fixed-cavitation region. The computational-fluid-
dynamic boundary-element model is based on a distributed-vorticity potential-flow form.
The steady-flow streamlines are determined via an iterative approach that converges to a
pre-specified level of accuracy. The cavity shape and quasi-sieady hydrodynamic forces
have been generated over a wide range of forward-speed/cavity-pressure and spoiler-
projection-angle parameter values. Owis, et al,, 2000, developed a code of Navier stokes
equation with cavitation procedure function of local pressure and density to solve the
sarne problem,

There 1s-ne unique definition of the interface between two phases flow. The
cavitation phenomenon depends on the local pressure and density, Mostafa (2001). The
fundamental of ship spoiler problem is different It is depend on air injection into water
and it 15 not a very high speed phenomenon. The basis of the Free Surface simulation is
the Volume- Of- Fluid (VOF) method, as published in an early form by (Hirt and
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Nichols, 1981), and as recently extended by (Rider, et al,, 1995). In upwind scheme with
the Single Line Interface Construction (SLIC) Method, (Noh and Woodward, 1976), the
fluid surface is assumed to be parallel to the currently selected cell face, with the refative
position of fluid two dependent on the flow direction and the upstream or downstream
value of hquid volume fraction, F. In the Piecewise Linear Interface Construction (PLIC)
with upwind scheme, (Kothe, et al., 1996), the liquid- gas interface is assumed to be
planar and allowed to take any orientation within the cell, and will therefore generally
have the shape of an arbitrary polygonal facet. So, PLIC is the most accurate method.
The Free Surface simulation computes the mixture of two incompressible, immiscible
fluids, including the effects of surface tensions. The relative mixture of the two fluids
withm the problem domain is tracked in terms of a secondary fluid volume fraction, F,
which, by definition, ranges between O and 1. Thus, the strength of the Free Surface
simuiation can model the injection of one fluid into the second fluids with arbitrary
immiscible fluid- fluid interfaces, which, includes two fluids with very high density ratio,
such as airand water,

The objectives of this paper are to model the two phase flow field around a ship
spailer using three-dimensional Navier-Stokes with the Free Surface simulation in PLIC
method. The equations are discretized on a structured grid using an upwind difference
scheme. For different conditions, we will determine the bubbles shape, the two-
dimensional flowfield around the spoiler body and the pressure variation on the wake of
the spoiler body. The effect of the spoiler position and inclination on the bubble shape
will be studied which affect the roll, pitch and speed of the ship.

11. THEORY BACKGROUND
The characterizing feature of the VOF methodology is that the distribution of the
second fluid {e. g. water) in the computational grid is accounted for using a single scalar

field variable, F. Flow field and distribution of F is determined by solving the passive
transport equation

§£+V01JF=O ')
ot

This equation must be solved together with the fundamental equations of conservation of
mass and momentum in order to achieve computational coupling between the velocity
field solution and the liquid distribution, This requires three related actions: compute
mixture properties, reconstruct the fluid- fluid interface in each cell and determine the
contribution of the secondary fluid flux. The average value of any volume specific

quantity, ¢, in a computational cell can be computed from the value of F in accordance
with

¢:F¢3+(1_F)¢1 2)
For an intensive quantity, equation 2 can be extended to include the effect of density, p :
$=[Fp:6.+(-F) p$] /Ppe ()
The location of the “anchor point” in the PLIC scheme, (Kothe, et al, 1996), 1s
determined by finding the infinite cutting plane perpendicular to the unit normal of the

infinite plane that truncates the correct liquid volume from the cell, i. e, that satisfies the
condition.
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In the PLIC scheme, each cell has a unique surface normal that can be used to compute
the surface curvature from cell to cell. This enables the calculation and addition of
surface tension forces for the free surfaces. Within each computational cell, the stability
limit is given by the so- called Courant Condition:
d
Al == (5)

3
ve |

The net normal force acting on the surface is equal to the summation of all the tangential
forces due to surface tension:

_[Apds = J' olax] )
Since the tangential force is equal to

1‘=(:>'.m<—£iri (D
d %

this leads to

japds=joﬁxdf, A=VF ®)

The computing process can be implemented to find the fluid-fluid interface at each cell,
find the unit normal of the interface, then apply the above integral to determine an
effective cell volume force.

1L RESULTS AND DISCUSSION

The transit flow around a ship spoiler is affected by gas injection, spoiler position and
spoiler inclination. The flow is computed for different spoiler position and inclination. The ship
spoiler structure is shown in figure 2. The structure grids are divided into four 2-D blocks. This
uses the mult-block system. Three of them are under water. Two blocks beside the spoiler have
grids 85x25, 75x25 grid points and the third one have 160x50 grid points. The grids are clustered
near the spoiler Lo solve the fluid interaction. One 2-D block in Air represents the injection pipe.
The length of the grid in physical domain is about 40L length and 111, depth as shown in figures
3. A primary objective of this paper is to study the two-phase flow field around a ship spoiler
using three-dimensional Navier-Stokes with the Free Surface simulation in (PLIC) method. The
equations are discretized on a structured grid using an upwind difference scheme. There are thrce
sets of results that are computed air injection beside a spoiler with 6=90°, injection at a distance L
from the spoiier with 8=90°, and injection at a distance 0.71L from the spoiler with 8=435° For
the above different conditions, the bubbles shape, the two-dimensional flowfield around the
spoiler body and the pressurc variation ou the wake of the spoiler body are determined. The
physical time step is taken 1o be 1x]0° or [x10” second for the unsteady flow compulations in
order to re_solve accurately the transients of the cavity formation,

Frgurg 4 displays the so-density contours for cavities formation in a time
sequence beside ship spoiler. The injection was just beside ship spoiler with spoiler angle
() equals 90°. The ship spoiler has length L. The upstream speed (u) equals 5 m/s. The
Injection pressure of air equals 5000 N/m2 The physical time step is taken 1x107 second.
It is demonstrated that the cavity formation has three stages. First, a cavity starts 10 grow
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at the wake of the spoiler body as shown in figures 4a-c. At the second stage, the cavity
starts to split as shown in figures 4d-f. Finally, the splited cavity runs away to collapse at
the third stage as shown in figures 4g-h. The cavity is attached to the ship spoiler from
the beginning.

Figure 5 represents the total pressure, pressure and velocities (u and v) in the last
condition in figure 4. The iso-total pressure contours are approximately similar to the
iso-density contours. There is a reverse flow in the horizontal velocity component at the
cavities region near to the spoiler body and in the body wake. The maximum vertical
velocity component is concentrated around the injection hole. In this case, the maximum/
minizmum pressures around upstream/ downstream of the spoiler are about 17173/-18716
N/m”.

Figure & displays the iso-density contours for cavities formation in a time
sequence which injected at a distance L from ship spoiler with spoiler angle (8) equals
90°. The ship spoiler has length L. The upstream speed (u) equals 5 m/s. The injection
pressure of air equals 5000 N/m? The physical time step is taken 1x10™ second. It is
demonstrated that the cavity formation has four stages ull it split and run away. First, a
cavity starts to grow at downstream of the injection hole as shown in figures 6a-e. At the
second stage, the cavity starts to grow at upstream of the injection hole as shown in
figures 6g-1 due 1o reverse flow. At the third stage, the cawvity attaches the spoiler and
splits as shown in figures 6j-k. Finally, the splited cavity runs away to collapse at the
fourth stage as shown in figures 6l-n.

Figure 7 represents the total pressure, pressure and velocities (u and v) in the last
condition in figure 6. The iso-total pressure contours are approximately similar to the
iso-density contours. There is a reverse flow in the horizontal velocity component at the
caviiies region near to the spoiler body and in the body wake. The maximum vertical
velocity component is concentrated around the injection hole. In this case, the maximum/
miniplum pressures around upstreamy/ downstream the spoiler are about 25090/-16378
N/m”™.

Figure 8 displays the iso-density contours for cavities formation in a time
sequence which injected at a distance 0.71L from ship spoiler with spoiler angle
(6) equals 45°. The ship spoiler has length L. The upstream speed (u) equals 5 m/s. The
injection pressure of air equals 5000 N/m”. The physical time step is taken 1x107 second.
It is demonstrated that the cavity formation has three stages. First, a cavity starts to grow
at the wake of the spoiler body as shown in figures 8a-d. At the second stage, the cavity
stants to split as shown in figures 8e-f. Finally, the splited cavity starts to run away to
collapse at the third stage as shown in figures 4g. The cavity does not completely attach
the ship spoiler. The cavity has higher stability with long bubble foot shape.

Figure 9 represents the total pressure, pressure and velocities (u and v) in the
condition in figure 8-f The iso-total pressure contours at the spoiler downstream are
approximately similar to the iso-density contours. There is a reverse flow m the
horizontal velocity component at the cavities region near to the ship body. The maximum
vertical velocity component is concentrated around the injection hole. In this case, the

maximum/ minimum pressures around upstream/ downstream the spoiler are about
19178.6 /-13916.1 N/m”
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TV. SUMMARY AND CONCLUSIONS

The transit flow around ship spoiler with injection of exhaust gases or air forming
cavity underwater vehicles is affected by spoiler position and its inclination angle. This
ship spoiler has a strong wake effect with gas injection, which can control the ship
oscillation.

It is demonstrated that the cavity formation has mainly three stages. First, a cavity
starts to grow at the wake of the spoiler. At the second stage, the cavity starts to split. At
the third stage, the splited cavity runs away to collapse. Finally, the cavity is attached to
the ship spoiler due to reverse flow.

There is a reverse flow in the horizontal velocity component at the cavities region
near to the ship body. The maximum vertical velocity component is concentrated around
the injection hote. Higher spoiler inclination angle gives higher-pressure difference
between front and back of the spoiler. Spoiler with injection at a distance L from ship
spoiler gives higher-pressure difference between front and back of the spoiler than
injection just beside the spoiler. In spoiler with 45° inclination angle the cavity has higher
stability with long bubble foot shape. Thus, changing inclination spoiler angle and
position relative to injection angle will gives different forces to control the roll, pitch
motion and speed of the ship.

The iso-total pressure contours at the spoiler downstreamn are approximately
similar to the iso-density contours which indicated that modeling the two phase flow field
around a ship spoiler using three-dimensional Navier-Stokes with the Free Surface
simulation in Piecewise Linear Interface Construction (PLIC) method is successful. In
future work, it is aimed to study this work experimentally.
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Fig. (1) example of Ship Spoiler Locations, Soper, et al., 1998.
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Fig. (2) schematic diagram of the Ship Spoiler.
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Fig. (3) structured grid of Ship Spoiler.
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Fig. (4) cavities formation due to injection beside
spoiler with 8=90°.
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Fig. (5) flow condition around ship spoiler at a condition of
injection beside the spoiler with & =90° and t= 1sec.
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Fig. (6) cavities formation due to injection 2t a distance L
from the spoiler with 8=00°.
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Fig. (7) flow condition around ship spoiler at a condition of
injection at a distance L from the spoiler with 6 =90°
and = 1.25 sec.
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Fig. (8) cavities formation due to injection at a distance
0.71L from the spoiler with 8=45°.
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Fig. (9) flow condition around ship spoiler ata condition of

injection at a distance 0.71L from the spoiler with 8 =45°
and t= 1.2 sec.



