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ABSTRACT

The application of appendages or trim control meidras such
as the interceptor plate, stern flap and trim tadpge been widely
used in recent years most notably on high speeathjplg hulls
including stepped hulls. With the popular use epped hulls in
the current market, it is of upmost importancenweestigate and
predict the resistance of these hulls in order gdte and
diversify the lifespan and function of the plannimgil. It is also
important in a sense to increase the effectivemésthe hulls
during operation at various speeds. Eventhough ube of
interceptor plates has been catching up in receatsy there had
been only a handful of studies investigating thepaot of
interceptors on the performance of planning hufishe present
study, a scaled down design of a bare hull usedhbyRoyal
Malaysian Customs is used. The bare hull desighbsibnalysed
in the CFD software COMSOL Multiphysics with varapeeds
ranging from 0 to 35.9 m/s. The results that arengydo be
analysed and discussed later are the total resestamd the
pressure contours around the hull. Next, a stefypdiddesign is
analysed using step height of 50 mm to 80 mm. Kinghe
optimum step height will be used to be fitted wihrious
interceptor plate height of 18 mm, 22 mm, 26 mm aAdnm.
The effect of appendage, which is the interceptor the
performance of the hull will be analysed and coragaio other
hull configurations. Based on literature reviewsl grast studies,
it is found that the interceptor plates are ableeuce the total
resistance by 15% to 19%. However certain parasetere not
taken into account for this study, including thientangle which

is assumed to be zero for all cases. This may cautight error
in the results, but is deemed allowable for acadgrarposes.

KEYWORDS: Appendages, Interceptor Plate, Planning Hull,
CFD, Stepped Hull, Total Resistance Analysis

1.0INTRODUCTION

Planing hulls have been used widely around the dvddr
recreation and other purposes. Amongst the margstgpvessels
includes motor yachts, fast ferries and even pdtoalts. But the
problem arises operating at low speeds, in whioh tessel
experiences high drag force and wave resistance.r@$istance
of a planing hull compared to a displacement hsilich as a
tanker is somewhat different. For a planing hufl firimary
resistance is wave resistance, while for a disptece hull its
primary resistance is surface friction. Therefdhe approach to
counter the resistance must acknowledge and adtweréhe
specified resistance components. This has led tyyrsi@dies and
solutions leading to the application of appendaigede fitted
onto the hull surface of a planning hull, includistgrn flap, trim
tab, stern wedge and interceptor plate.

This paper will be discussing a method to reduckabserve
resistance in planing hull, which is by fitting arerceptor plate
onto a stepped hull. Among the topics that will bevered
includes early development, basic principle of atien and the
limitation of the method used. A computational dluilynamic
(CFD) software will be used to analyse the resisanf the
stepped hull fitted with interceptor plate.

2.0 STEPPED HULL

In the context of stepped hull, it can be clasdifigo one of two
groups of hull. Namely, it is in the category o&ping hull. It is
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designed for high speed operations and skims tHfacauof the
water. This is totally different with another categ of hull,
which is the displacement hull, that displaces watgal to the
weight of the vessel and is operated at relatisw speeds. The
idea behind a planing hull is to increase the sgmededucing
resistance to forward motion due to the contach whie water.
According to Savitsky & Morabito [1], (2010) a spaal hull is an
alternative high speed planing hull configuration.

In order to achieve this feat, the wetted surfasa af the
hull has to be reduced, by introducing lateral ksear steps
midway between the bow and the stern. The stepsladivthe
wetted surface area into several smaller areas ifhturn will
allow the hull to plane on two or more high-aspetining
surfaces. Other purpose of the stepped hull iseteeldp high
speeds whilst operating efficiently at low and higheeds,
reducing the surface friction of water on the halid drag
resulting from the steps. Operating speeds of ppstd hull is
relatively high, around 30 — 50 knots.

Based on the literature review on stepped hullgjtSe/ and
Morabito [1], (2010) had suggested that the stéymailsl not be
intersected by the stagnation line. Also, that shep height is
approximately 5% of the beam. In order to determthe
stagnation line, both the length of wetted kégl,and alpha
which is the angle betweerly and stagnation line has to be
obtained first. From the CFD model, the valuelgf is 3.183m.
After both the values are determined, they can therused to
determine the value of.., length of wetted chine. This study has
identified the value ofL; to be 1.394m.
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Figure 1: Length of wetted keel and chingg(& L.) (Hassan
Ghassemi, et.al, 2008)

The step height is then calculated by taking 5%heftotal
beam length, which is 1.27m. The obtained stephtdgy
63.5 mm or roughly 64 mm. However, for this studg w
are going to use several values of step heightrderoto
determine the best value. The step height ranges 50 to
80 mm, with an increment of 10 mm

3.0INTERCEPTOR PLATE

The use of interceptor plates have been in plaweghe 1970's
for purpose of trim and ride control of recreatibaad fast boats
such as planing hull and semi-planing hull vesseistor yachts
and even on patrol boats. The application of imetar plates
have been steadily rising throughout the years,eareh applied
on larger vessels such as merchant ships. Othableotunctions
of the interceptor plate are for motion control atekring of high
speed craft. However, as application of the infaime plates
continue to grow, there have been relatively fewlished studies
concerning interceptor plate, whether it be stugyabout the
impact of interceptor plates or the overall perfante when
using an interceptor plate.

An interceptor plate is basically a metal plate chhis fitted
vertically to the transom of the ship, normal te flow direction
and covering the main breadth of the transom pdatqiwith its
lower edge several centimetres below the transaemp Allema
[2]. The configuration of the interceptor plate wahiis placed
normal to the flow direction causes a stagnatiow ftegion near
the blade. The resultant pressure acts on thebbtttbm creating
an effect which is known as ‘trim moment'. Thisesft adds lift
and controls the attitude of the craft, M.H.Kari3J, (2013). The
main principle behind the interceptor plate is teate pressure
underneath the hull, at the stern part of the Ye§yessure is
created when the interceptor plate is deployedtimovater flow
underneath the hull. Minor deployment of the ingptor plate is
needed to create a huge lift force under the Audis lift will
change the running trim of the vessel which ultehatesults in a
lower wave resistance.

Many researchers had studied the optimal height
interceptors in order to improve its effectivenassl had widely
adopted the idea that the main factor in seledfireginterceptor
height is the boundary layer thickness at intexmepdcation.
Based on past experiments conducted on intercefittad onto
various types of vessel, Alexander H. Day [4] hdokttpd the
interceptor height values against Reynolds numbBeosm this
graph, he had found that the interceptor heighiesdrom 0.4%
to 0.6% of the waterline length for mono hull madés for the
span of the interceptors, the full beam of the moulbwas used.
The stern interceptor’s position is located at ttemsom of the
mono hull. Based on the CFD model, the calculatedréeptor
height of 0.4% to 0.6% of the waterline length &2Lmm to 27.3
mm. Therefore, the optimum height should be withire
calculated range. Therefore, several height vahresused to
determine the best interceptor height. These vakmeze from 18
mm to 30 mm, with an increment of 4 mm.
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Figure 2: An interceptor plate protruding the water surface

4.0 SIMULATION ANALYSISUSING CFD

The simulation in COMSOL Multiphysics will follow ifferent

tasks which is different from one another. Thetfstep in the
simulation process is the physics selection whéferdnt types
of physics such as heat transfer and fluid flow banselected.
Afterwards, is the model orientation, whether itisone, two or
three dimension. Afterwards, is the geometry whidn be
created in COMSOL Multiphysics or imported from éfetent

file. The materials will be specified and selecfed the object,
and the physics boundary conditions are definedrigle The

physics boundary includes the walls, inlet and etutvhich is

important. Then the mesh is generated for the wigelemetry
and boundary, the mesh size will vary dependinghenlocation.
Areas located near the waterline will have muchanelements
than that found elsewhere. After all the tasksuwardergone, the
simulation is run. The simulation time will varyginding on the
mesh size and the number of physics selected.

Set-up model
environmer

Creatiogeometric
objects

Specfiy material
properties

Define physics
boundary conditions

|

Crextecriesh

Run simulation

Postprocess
result:

Figure 3: COMSOL Multiphysics simulation workflow

5.0 RESULTSAND DISCUSSION

The first model to be analysed is the bare hule Bare hull will
be subjected to speeds ranging from 0 to 3m88'. The
boundary of the geometry to be simulated is statedrly, with
one inlet and one outlet as well as fixed wallse Titial velocity
for every speed is set ats~1. For the simulation, it is run with
a trim angle of zero.
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Figure 4: Resistance of the bare hull at various speedgingn
from 0 to 35.9ms ™1
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The second hull configuration is the stepped huhijch is
based on the bare hull. The stepped hull will tediwith various
step heights ranging from 60 to 80 mm. The speédlisalso be
run from 0 to 35.9ns~1. For the simulation, it is run with a trim
angle of zero.
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Figure 5: Stepped Hull Resistance at various speeds rarfiging
0to 35.9ms™1

The final hull configuration to be analysed is gtepped hull
fitted with an interceptor plate. The optimum stegght of 60
mm was chosen to be fitted with various intercepteight
ranging from 18 to 30 mm. These interceptors wetedfat the
transom of the model.
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Figure 6: The total resistance for the stepped hull fitteith
interceptor plate of heights (18-30) mm

From figure 6, there is a considerable amount efstance
reduction at speeds of 15 to 251, thus complying to theory
that the interceptor’s function at certain speddie percentage of
resistance reduction at speed of 216! for interceptor height
of 30mm and 22 mm is 11.43 %. When comparing theimmam
resistance values with the stepped hull, resultsvsh 2.85 %
reduction. From the results obtained, it has shothe
effectiveness of fitting an interceptor plate tauee the total
resistance acting on the hull. However, duringsineulation was
done, there might have occurred an error. Thisremdudes
external error from the user, during the processmitting initial
information. These may include the selection ofrmary, mesh
size or initial velocity. Therefore, under thesetpnses the results
obtained may be subject to error. But this error lsa assumed to
be negligible as the percentage is very low.

6.0 CONCLUSION

The results obtained for all three hull configura8 shows a
reduction in terms of total resistance, whethewauld be small
or big. For the stepped hull with step height oG, it achieved
a 7.47 % reduction in total resistance at a spé@®.56 [ms]
~(-1) compared to the bare hull. For the steppdti dfu60 mm
height fitted with 22 mm interceptor plates, a #3% reduction
in total resistance was obtained when comparedeéostepped
hull of 60 mm height at 15.42[ms] ~(-1). The comparison of
this hull against the bare hull resulted in a 1%%eduction in
total resistance when run at 15.42ns] ~(-1).
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7.0 RECOMMENDATION

The study of the interceptor plate has to be difredsin the
future, in order to get a much clearer view onbhaviour and
characteristics. The current study on interceptatep is rather
low, and focuses on certain types of planing hulthsas the
catamaran or the monohull. These are some of thgestions
and recommendations that may be useful for futiudies;

1. The use of more than one interceptor to be platedrius
location other than the transom, for example theship.

2. Combination of appendages, such as the interceptgrled
with a stern flap.

3. Simulation of interceptor plate in various othevieonment
conditions.

4. Performing experimental studies on retractable defator
plates for various types of hull to analyse iteefiveness.
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