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Summary

A planing hull is &nigh-speed crafivith relativelycomplex hydrodynamic characteristics.
An increase in speed camducea significant change in trim angle with an irroentin ship
drag. One solution to reduce ship resistance is to use an interceptor. This raseadib
analyze the hydrodynamics opkaning hull vessel by applying an interceptor. The fundamental
aspects reviewed included the analysis of drag, trim, heave, and lift force. The interceptor would
be investigated on theasis ofits integrated position at its height. This resealsoused the
computationalfluid dynamic (CFD) method in calm water conditions. All simulations were
conductedwith the same mesh structure, which allowkd performanceevaluaion of the
interceptor in calculating turbulent &vater flow around the ship. Numeal calculations used
the Reynoldsaveraged NavigriStokes(RANS) equation with theiJ t ur bul ence mo
predict the turbulent flow. The vertical motion of the ship was modeled dgmgmicfluidi
body interaction(DFBI) in the fluid domairthroughan overset mesh technique. The numerical
approach was compared with the experimental test results of Park et al. to ensure the accuracy
of the test results. The interceptor was designed at the transition phase, whield shew
highest trim angle followed by high drag. The interceptor would experience negative trim at
high speedsthus, it was not recommended. The research results indicated that the most
effective use of the interceptor was at Froude number 0.87 cldke ¢hine position with a
height of 100%. Tis interceptor could reduce a maximum of 57% drag, 17% heave, 8.48%
trim, and 0.12% lift force. The interceptor could increase excessive drag and trim at Froude
numbers over 1.16. The interceptor proved tadmakably useful in trim control and ship
drag reduction but selecting the wrong dimensions and possiof the interceptor could
endanger the shipThis simulation was performed oAragon2; thus, the interceptor
performance magossiblychange if a diffeznt hull geometrys used

Key words planing hult drag; heave lift force; trim

1. Introduction

Changes in trim angles and increased drag have crucial impacts on the performance of
the planing hull. Some devices used to improve ship performacicelehull vane, stern flap,
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stern wedge, and others. According to Uitfidf hull vanes can reduce the effects of waves
and ship drag. Hongbo Hau al.[2] reported that the lift created by the hull vane could reduce
3.7% of total drag and 26% of trim. Thengplexity of the hydrodynamic forces experienced

by fast ships was closely related to changes in ship speed. However, the hull vane had
limitations; that is,it could not synchronize its position to respond to changes in ship speed.
Thus,the angle and pdsn of the hull vane could not bmodified The effectiveness of the
interceptors as trim controllers is not only confirmed, but is also quite significant when
compared to bare hull performances at the bester of gravityposition[3]. Other studies
identify interceptors by comparing numerical simulation methods and experimental data. The
results of the analysis show that the deyftthe interceptoshould be determined by the shape

of the hull to achieveffectiveship performance to reduce ship stancd4].

The unique featureof the interceptoties in its control systemwhich canchange its
position vertically. Several types of research haeeonstratedhe effectiveness of the
interceptor in improving the hydrodynamic performance of {sigbed planing craft. The
interceptor waslsoused as a motion control to improve the motion respoh#ige ship[5].
Another research compared the use of trim tadsraerceptors of the same size. The research
was analyzed using CF&nd showed that the pressure created by the interceptor was better
than trat of thetrim tab [6]. Investigation of interceptors dmgh-speed crafshowed that
interceptors could increasiee pressure and lift force followed by a reduction in trim afle
Research on interceptors under regular head waxesaledthat interceptors could reduce
heave motion by 16% to 18% at Froude number [BJf&8 he effect of the interceptor is highly
dependent on the geometfthe ship; thusghe analysis of the planing hull integrated with the
interceptor depends on ship geometriésnsideringthe effect of the small dimensions, the
interceptorcanpotentialy be placecdhot onlyat the stern of thehip but also in the middle of
the hull. The interceptor is also applied in the chine or keel area of the ship or between it.
However, for practical and applicable use, this study examines the position of the interceptor in
the stern area to avoid change$ull constructionConsidering the experimental study of the
design of the interceptor dimensions, the interceptobeappled close to chine, close to keel,
and at migposition areas.

Highlighting previous research, the interceptor showed diffgreridrmances when used
at various #itudes [9]. This researctaimedto analyze the altitude and position of the
interceptor against ship resistance. Furthermore, different speeds affected the hydrodynamic
performanceof the shipintegrated with the inteeptor. The interceptor created a balancing
moment and changed the pressure distributiothénshi@s stern. Therefore, chang the
altitude and positionf the interceptoimpacted the drag, heave, trim, and lift foatehe ship

Yousefiet al.[10] reported three CFD methods related to ship planing hull, ndineky
volumemethod (FVM),finite elementmethod (FEM), andoundaryelementmethod (BEM).
FVM was the most dominant method used to predicthiaeacteristicef theplaning hul ship
because of its better accuracy compavigd other methodResearch on FEM was successfully
conductedin 2015to predict catamaran drag by ignoring the motidrthe ship[11]. The
research was continued by modifying the addition of the center toubleduce the total
resistance[12]. Another study stated similar results between CFD and experiments by
reviewing the wave contour, pressure distribution, and resistance coeféicteatvesse]13].
Sukaset al.[14] conducted research using empirjcaperimental, and CFD method$ey
foundthat the CFD method with an overset grid could solve flow problems around the hull type
planing at high speed. Numerical simulation research improved accuracy in resolving the flow
around the hull. In addition,dgances in computer technology could model and analyze
complex hydrodynamic forces. Research with numerical methodisated economicesearch
costs and took a relatively short time with practigand efficierty. The currentesearch used
an intercefor analysis approach using a numerical simulation method based on FVM. The
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FVM method used the RANS principle to describe turbulent tlonwughthe water and air
phases. Furthermore, this research verified the results of the CFD simulation edinditiys

of Park et ab EL6] experiment in calm water conditions. The research results were expected to
help ship designeito improve fuel efficiacy.

2. Method

2.1 Researclobject

The initial stage in numerical analysis was modeling the ship and intercepto8 DSIAD
designsoftware. This research used the Aragasnd the dimensions of the interceptor, which
were described in Table 1. Figure 1 shdhesresearch parametersthe HUMPHREEE [15]
interceptor type 850. Figure 1gpresentshe dimensions of the ship atite interceptor. The
primary measure of the interceptorngarisedthe length of the span and the height of the
interceptor (hi). Figure 1b describes the variation in the height of the interceptor to thaf stern
the ship which comprisesl00% (50 mm), 70% (35 mm), and 40% (20 mm). Figure 1c
represents the position ofgtlnterceptor, which coprisesclose to chine, close to the keel, and
at mid position. After modeling the research object, the next step was model analysis using the
FVM.

2.2 Research method

The accuracy of the analysis used a numerical simulation that weamaded by three
main factors, namely convergence, grid independence,cangparison of the numerical
simulation againsthe experiment The calculation results at the convergence stage were
obtained when they reached ttentifiediterationof the compter. Grid independence was an
analysis with variations in the number of mesfiég® comparison of the numerical simulation
and theexperiment shosthereasonability and reliability of theumerical resultChapter 3.1

provides arexplanation of numerical accuracy analysis.
Table 1. Main dimensions ofhe ship andheinterceptof16]

Dimension Full-scale Model scale 1/5.33 Unit

Length overall(0 ) 8000 1500 mm

Length waterlindd ) 7539 1414 mm

Breadth overall 2300 431 mm

Draft 445 83 mm

Weight 3000 19.77 Kg

Interceptor height (hi) 50 9.37 mm

Interceptor span (s) 300 56.25 mm

Chine breadth 2200 412.75 mm

Center of gravityfrom transom 2647 496 mm
© )

Center of gravityffrom baseline 761 14.2 mm
C

Deadrise angle 16 at transom, 24 at midship degree
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This research referred to the International Towing Tank Conference (ITTC), which aimed
to observe thaccuracylevel of CFD. In this case, some of the ITTXZ] recommendationt
predict highspeed craftesistancare as follows:

1. Computational domain size
2. Mesh density

3. Convergence

4. Timestep

5. Grid on the ship wal{w )

Confirming the accuracy of thgeometryis crucialto ersure that the surface definitions
are relatively smooth and connect within a specified tolerance. Based on the length between
perpendiculargd ), the geometry tolerances should be w&th) suitable geometricoterance
between 1 <t < 10. Figure 2 shows the visualization of boundary conditions and
computational domains. Domain length was measured fr@b 60 to 1 6 . The
aforementioned visualizatiodisplayed turbulent flow behind the transowf the shipwith
coordinates of the zero point at the stern of the ship and th® singt. The water depth was
0 ship. Furthermore, the was the length of the ship perpendicular. The inlet velocity
condition was set in the-xegative directionand he positive xdirection was modeled as an
outlet pressure to assess the static pressure at the outlet. The upper limit was chosen as the inlet
velocity to represent the unlimited air conditioBg.contrast, the lower limit was chosen as the
no-slip wall to explain the existence of the sea boundary. The ship was symmétecafore,
only half was modeled to save computational time. This approach was used by researchers to
model opersea conditions and has been shown to provide accurate f&3ilts
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Fig. 2 Computationatlomain and boundary condition
Mesh density ariations were used as described in Figure 3. Variations in mesh size aimed
to observehe location of concern. The density level of the mesh was focused on the free surface
water and the stern of the ship due to the wash waves caused by thef speeathip The mesh
density level could also affect the failure of the ddacceptomesh.Substantiallyhigh mesh
density required high computational tintleus, investigating mesh density is required sbah
it could be useth accordance witlts portion.
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Fig. 5 Time step selection

A variety of convergence criteria should be specified and assiesgadrantee credible
solution convergencd he history of residual variations for the mass and momentum equations
should be used tdetermine the amount of convergenthe residual showthe closeness of
the existing approximate solutioto the perfect mass and momentum conservatibrthis
requirement cannot be met due to problem complexity or oscillatory convergbece,
alternatve criteria, such a®sistance, heavandtrim angle can be employed

Another parameter to validate the CFD analysistvawvalue ofo (wall function). The
value ofw was expressed in dimensionless units to capture boundary layer phenamena.
fadlitated the easyredicton of the first layer thickness of the mesh and reduced numerical
simulation inaccuracies. ITTC recommended that the valage ofas 30 <w < 100. Lotfiet
al. [18] stated that the value of of 50 <w < 150 was stilrelativelygood. Avciet al [19]
suggestedd to be in the 4560 range. Figure 4 describes the valuerobetween 4@nd70.

The value ofw , which was on the cell walbf the ship markedly affected thefriction
prediction. Thereforethe thickness of the first layer must be considered to achieve the most
suitable wall spacing.

The time step was the interval period for each iteration. The time step determination used
the Courant Friedrichg Lewy number, which showed the numberpufints traversed by the
fluid particles in the time interval. This research used a time step with a range of 0.008 in 10 s
physical times, as described in Figure 5

2.3 Governing equation

This research definezshipmovement wittdynamicfluidi bodyinteraction(DFBI) using
two degrees of freedom, free hegaed trim.Ship motions in the fluid domain were represented
using rigidbody motion and overset grid systems.

0 —1 & (1)
and
a— 0 ()
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The translational antbtational motios at the center of mass of the ship modele
used to trim and heave as describedgoations 1 and,2espectivelynis the resultant moment
of the ship model acting on theaxis rotation, Ms the moment of inertia of theaxis rotdion,

1 isthe angular velocitypf the shiparoundthe yaxis andm is the mass of the shijfds the
resultant force acting on trehip surface and vis the shigs speed. The resultant forces and
moments acting on the ship weespectivelyobtained from the fluid pressure and shear force
onthesurfaceof each shipPanahi et a[20] conductedn-depth research on this topic.

CFD was developed to predict the gaaf the flow without compromising the accuracy
of the calculation. Every CFD program used mathematical equations to solve fluid flows. The
RANS defined mass and momentum conservation laws. The first discretization step was to
divide the computational daain into a finite number of volumesa meshformation Next, the
partial differential equations were integrated with each volume using the divergence theorem,
producing an algebraic equation for each ddiis research used numerical simulations based
on RANS equationso understand the performance of fast boats with and without interceptors.
Equation 3is related to the law of conservation of mass and momentum with Newtonian
incompressibl¢21]:

— — 700 — —' — "o0&@= Y (3)
whereé andé are timeaveraged value@,j = 1,2,3)for the speedomponentp is the time
averaged values of the pressuras the density’ is the dynamic viscosity coefficierend
" 0 @ aand"Y arethe Reynolds stresdsource terrs, respectively

This research used the volume of fluid (VOF) metho capture changes in the water
free surface. The VOF model was well suited for simulating multiple immiscible flow phases.
The fluid function of vater and air depended on the volume fraction properBgiration 4
where Vis the designed calculation area, i€1he volume of fluid 1, and Vi3 the volume of
fluid 2. Each grid was assumed to be a volume fraction having values 1 amtis@Grtguish
between air and water fluid22].

s wph ®

SRS 4
G0 wrthah w )
For a stream auprisingtwo different stream$ @b can be observed Bquation 5

— 98 | (5)

where ¥ 6fDR) is thefluid velocity. Additionally, theVOF Cix functionis an integral of
| @D on each grid cell in each volume cell as describdghjumtion 6below:

6 — | @ Q® (6)

Therefore Equation 7 was obtained as follows

— 8 6 m (7)

whereC = 1 for the grid that defined the fluid¢ = O, indicating thathe grid comprisec
mixture of water and air phasesder theair phase and wheh< C < 1.

In fluid flow modeling, RANS used a predict@orrector approach to relate the
continuity and turbulence equations to the standapdgiion model according to the ITTC7]
recommendation. k had twoequation models eoprising k and epsilon as described in
Equation 8. K and were used to define the velocity scale and turbulence scale ,length
respectivelyf21].
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— 0 ha - (8)
By using the same approach, the length of the ship model couldibedito obtainthe
eddy velocity equation ikquation 9as follows

‘ 6 ” _‘an 6 . (9)
where0 is a dimensionless constant

2.4 Overset meskechnique

The orerset mesh techniqigea mesh using donbacceptor cells. This technique required
more than one geometry agprisinga background as a donor and an overset as aidonor
recipient.Research comparing the overset and moving mesh metrasisonducted in 2016
The research reported that overset mesh had better results than movin@3he&hothe
research revealed a comparison between moving and morphingsrestiproved that the
overset mesh accuracy was better than the morphing mesh. However, the overset mesh
techniqueneed a long simulatiortime due to the interaction between the mesh geoeset
[24]. Thus, the currentesearch used an overset mesh technique, as illustrated in Figure 6. The
equations were solved separately in the two regions, and the solution was interpolated in the
overlapping areaomprisingcells called donors and accema@nd where information was
exchangedA linear interpolation scheme was usaekpite itshigher computational effort
requirementthan other available methodEhis schememinimized interpolation errors and
ensuredmprovedconvergence anchaccurate solion. Donor and acceptor messmust be
on the exact dimensions with insignificant differences. A significant difference caused data
transfer errorsthereforethe simulation could not be complet@].

] ! ! ! 1
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Overset Region

Fig. 6 Overset technique

3. Result

3.1 Grid independence study

A grid independence study was conducted to select the most suitable mesh quantity for
each simulation. The grid study reviewed the drag, trim, and heave wélthes shipagainst
five variations of mesh sizes. Analysis of the grid weracanprising0.52 0.66 0.87, 1.24
andl1.47 M wagerformedon Froude number 1.072. 8&notesnillion to represent the number
of mesh used. The analysis was performed using a time step based A T]. e analysis
obtained a moderately convergeatue on each gridut produced the most convergent value
in grids 4 and 5However,the completion obne simulation calculatiowas time consuming
on grid 5 thereforegrid number 4 was used for all simulations. The simulation ressgtsto
observe the meshere presenteith Figure 7. An example of convergengasshown in Figure
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8, representing drag, trim, and heave. The results presented in this figure wereechilsihe}
Froude Number 1.072Moreover, thetime history plotted in this figure showed that all data
stablized after2 s;afterstabilization the simulation was stopped

3.2 Convergencessessment

The CFD simulation would be compared with the reseafdParket al.[16] to obtain
results with reasonable accuracy. The trim, heave, and drag values showed the same pattern
between CFD and the experiment. Figure 9a showed the drag error values rengighPo
to 9.9%. Figure 9hemonstratethe range of trim error values of 9.27% to 10.7%. Figure 9c
showed the range of error heave values between ant¥40%. In tke currentresearch, a
maximum difference of 10.7% was obtainagshown on the trim grdpwith a Froude number
of 0.87.The experimental results generalhgicated that CFD could keffectively simulated,
as shown in Figure 9. However, a gap in the CFD calculation diféeyent from the
experimental resultsThis differencewas due to the ritations of CFD in modeling the
environment according to actual conditions. Brizea& Serra[26] investigated the accuracy
of CFD simulation The researcltomprehensivelypresented the setup of the CFD model,
including the type of meshesolution, boundary conditions, and turbulent flow modekyTh
found that CFD could reproduce the physical phenomenon of free surface flow near the hull
with an error of 10%The Root Mean Square (RMS) error in predicting the drag to lift ratio by
the nunerical solution is 7.17% [@. In some cases the accuracy of numerical calculations can
be increased up to 34%4]R
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Fig. 7 Comparisorof grid convergencéa) trim, (b) heave and(c) drag
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3.3 Simulation results

The interceptor could create flow discontinuities in the stern arba& ship. The blocked
flow caused vortices and backflow effects. This phenomessrited ira double effect, namely
an increase in lift force and the creation of a stern trim morBeth. effects reduced drag and
trim of the ship. However, the speedl the shipwas closely related to the pressure force
generated by the interceptor. Therefore, reingwhe speed, hull shape, and appropriate
interceptor heighof the vesselvas esserdi before installing this device. The controllable
cambility to adjust the height of the interceptocreased iteffectivenessat adjusting to the
desired ship speed.

Variations in the altitude and position of the interceptor caused different effeetsch
speed rangef the ship Close to chine, close to the keel, and at mid positions at Froude numbers
0.29 to 0.58 indicated that the interceptor wadormedat an altitude of 100%, 70%, and 40%
respectively.However, in the displacement phase, the interceptor did not have a significant
effect comparewvith the condition without an interceptor (0% intercept®he interceptor can
be used at 100%, 70%, and 40% altitudag=roude numbers 0.87 to 1.16his transition
condition showed a drastic improvement in the trim and drag values the transitiorwas
the best condition for installing the interceptor. At Froude number 1.45, the interceptor could
be used close tihe keel position with a height of 100%0%, and 40%. The exact speed in the
planing phase could bdilized close to chine and at mid positions only at an altitude of 40%
of the interceptor. In Froude number 1.74, the interceptor could oeliynpyedat an altitude
of 40% for conditions closé the keel, at the mid position, and close to cline tothe
dominant hydrodynamic force of the ship in the planing phase. The height of the interceptor
was directly proportional to the resulting moment. Therefoliagiuke maximum height of the
intereeptor in planing conditions was not recommendaecause it could cause excessive
moments. Reducing the interceptor height by up to 40% would produce the ideal moment to
improve trim and reduce ship drag in the planing phase.

The pressure on the bottom bétship produced by the intercepias observeth Figure
10. This figure provided a visualization of the influence of the Froude number on the pressure
generated by the interceptor. The increase in théshipude number was directly proportional
to the increase in pressure. The working mechanism of the interceptor éamién Figure
11. The figurecomprisedhe moment of the interceptor acting on the trim moment of the ship.
The addition of the interceptor increased lift force, thereby reducinginhangle.

Figure 12 describes the behavior of the planing hull ship. Displacement mode (Froude
number 0.29 to 0.58) showed a hydrostatic force that ddimsied extreme ship movements.
The increase in thepeed of theship to the transition mode (Rrde number 0.87 to 1.16)
indicated the peak position of the drag and trim vallies phenomenon occurreldie to the
dominant hydrodynamic force acting on the sHipe trim angle increasedlith the speed of
the shipdue to the hydrodynamic forces as bottom. The interceptor was recommended at
the transition phase or the peak of the trim because the dragn/éiiseonditionis significant.
Using an interceptom the planing mode phase is not recommentiedause it could result in
a bowdown trim due to excessive momegenerated byhe interceptor.

Figure 13 represents the effects of the interceptor on thé&ghip due to variations in
speed. The conditioof the shipwithout an interceptor at Froachumber 1.74 showed excessive
trim, causing poor ship movement. The interceptor installation at a speed of 1.74 caused the
ship to experience negative trim (bawewn trim) due to excessive interceptor momehisis,
this interceptowas declared unfit. Thuse of an interceptor was recommended at Froude
number 0.87 to improve the most optimal trim value (fit interceptor).
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The research results were shown in Figure 14 for variations of close to chine (CC), close
to the keel (CK), and at mid position (MP) Wwit00%, 70%, and 40% conditions of interceptor
height respectively Figure 15abc visualizes the drag resultas. improvement in the drag
value, namely in the Froude number 0.29 to 1vés observed undeonditions of 100%
interceptor heightHowever, te most effective improvement in the drag value compared to
without an interceptor wa®und at the Froude number 0.87 with drag reduction percestage
of 44% 57%, and 52%t close to keeling, close to chine, and mid positiespectively. Tie
drag valuesbtainedn the 70%and 40% interceptor conditiodemonstratethe same pattern
as the 100% interceptor conditions, where an improvement in the dragmedifeundn the
Froude number 0.29 to 1.16. However, the most effective improvement in theatlragvas
at the Froude number 0.87 with a drag reduction percentage compared to without an interceptor
with a range of 43% to 51%. The best reduction in drag value was at the Froude number 0.87,
close to the chine position for each interceptor height vamiaThe increase in total drag had
no significant effect on the ship at low speeds.

The heave value care foundin Figures 14 d, e, andf. An improvement in the heave
value with the same pattern for all variatioves observeth the height of the inteeptor.The
improvement in the heave valuangedfrom 16% to 17%. The best heave reduction of 17%
was atheFroude number 0.87, close to the chine position for each interceptor height variation.

The analysisesultsof the trim can béoundin Figures 14 g, h, andi. The figure shows
thatknown that the variations gave relatively the same results. The most significant change in
trim value was in the close to chine position with Froude number 0.87. Compared halbare
conditions, changes thatcurred reached 8.48%hereaghoseat close to the keel and central
position were 6.91% and 7.04%respectivelyat 100% The height of 70% and 40%
demonstratedhe same pattern with the most effective interceptor installatidimedtroude
number 0.87 aha trim value improvement from 4% to 5%. However, interceptors were not
recommended dhe Froude number more than 1.16 because it would cause negative trim on
planing hull ships.

Figures 14 j, k, andl explained the increase in the lift force value, ethivas not too
significant for all variations in the position and height of the interceptor. This research examined
the lift force due to the hydrostatic and hydrodynamic forces of the ship. In the displacement
phase, thgeneratedift force was due to t hydrostatic force of the shipleanwhile,the lift
force that workedn the transition and planing phasess generated by the hydrodynamic
forces of the ship. Installation of the interceptor could reduce trim and drag in the transition
phase. The expesd lift force value was not significantly changed due to variations in ship
speedThis valuewasintendedto represent the condition of the even keel of the ship and the
improvement of the working hydrodynamic for@&wus,trim improvements would occumnder
the aforementioned conditiots reduce the ship drag. The lift force value decreased without
an interceptor as the Froude number increased. The most significant change in the lift force
value to bardwull conditions was at Froude number 0.29 closehine which could change by
0.144%, and at Froude number 1.74 speed with 70% interceptor condition changes by 0.12%.
Molini and Brizzolara[29] performed a flat plate simulation and applied it to the interceptor to
demonstratéhat the interceptor could increase the lift forSamilar studies have shown that
interceptors create high lift and trim reductions by combining the position of tha oénte
gravity with thestrokeof theinterceptor$3]. A lifting interceptor is the mechanism that reduces
resistance for interceptors on a ship due to variations in trim and sif8G@ge

The current research revealtdtht the close to chine position wHge most effective
comparedwith the close to the keel and at the mid position for all variations in interceptor
height at Froude number 0.87. In addition, Mansoori and FerndBtleimdicated thaif the
moment produced by the interceptaasiess than, greater than, or equal to the trim moment,
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thenthe interceptor efficiency would be weak, optimal, or unfit for, usspectively The trim
of the shipwas not well controlled on an interceptor witkak efficiency. Meanwhile, an unfit
interceptor couldesult innegative trim while increasing the sépirag.

Fr 1.16

Fr 0.29

Fr 0.58

o

Fig. 10 Pressure Distribution at 100#tterceptor(Close to Ching

Interceptor moment (AM7)

& o

Drag

Trim moment (Mf)
Lift force interceptor (Li)

Fig. 11 Moments and forces generated by the interceptor
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