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Abstract—This paper presents an optimization of the hull

separation, i.e. transverse clearance. The maetig is to identify
the feasible speed ranges and find the optimuns\iease clearance
considering the minimum wave-making resistance. dimeensions
and the weight of hardware systems installed in ¢heamaran
structured fuel cell powered USV (Unmanned Surfdehicle) were
considered as constraints. As the CAE (ComputeedEngineering)
platform FRIENDSHIP-Framework was used. The hull surface
modeling, DoE (Design of Experiment), Tangent deaqatimization,
tool integration and the process automation werdopwaed by
FRIENDSHIP-Framework. The hydrodynamic result waalgated
by XPAN the potential solver of SHIPFLOW.

Keywords—Full  parametric modeling, Hull Separation,
Wave-making resistance, Design Of Experiment, Tahgearch
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|. INTRODUCTION

WITH the increase on replacement of power source
ships by regulation reinforcements for environmgnt
fuel cell system as a new power source has becesental for
both terrestrial and marine applications against ittiensity.
For the purpose on developing commercial fuel peilvered
USV, catamaran has been chosen because of itsandirsy
performances with respect to speed, rolling, rascs,
maneuvering and sea-keeping. Catamaran resistande
propeller efficiency depend on transverse clearariudl
asymmetry, principal dimensions ratios, and huthfoWith
the ship speed, displacement, and length of a mdhahd a
catamaran being equal, the latter should have &ehig
propulsion power, or with speed and capacity beiggal, the

Evaluating a complex constraint might take tangisfiert
(for instance, simulating the hydrodynamics foradfadesign
point) but also constraints that entail less corapamal burden
are difficult to oversee if there are many [2]. Tieer-friendly
integration of hull form modeling, simulation anpgtimization
can be performed a CAE system that offers the Hlexi
integration of tools available in the individual sitn
environment.Viscous resistance interference was found to be
relatively independent of speed and hull separatiahrather is
dependent on demihull-length-to beam ratio. Ivisient that a
significant reduction in resistance could be achiby finding
the optimum position of stagger [3]. For valuatirggistance
characteristics of catamaran structured fuel cellvgred
unmanned surface vehicle, wave interference effeetto the
interaction of the wave systems produced by eachitdél
contributing to the total resistance should be mired by
pptimization of the hull separation [4]. Transverdearance

Should be flexibly generated and changed accoringrious

required power on fuel cell powered USV consideraly
dimensions of hardware systems, respectively. The cithe
present work is to investigate the wave-making ati@ristics
of a catamaran hull and to optimize the distancéhef hull
which has parallel middle body to install lithiunolpmer
hatteries and motor driver required for the eleitrisupply to
navigation system and for its systematic integratio

Il. DESCRIPTION OFHULL

A. Layout of Equipments
The initial hull shape is mainly featured to satighe

resistancea ofdimension of the internal equipment. Lithium polymeotor

catamaran needs less power. However, . . . .
catamaran is usually greater than that of her sotated hulls driver and motor are placed in the parallel midubely region

summed, except for some ranges of Fn (Froude nynaiper ©f both side hulls. Both demihulls and center halie
clearance ratio when it is less than the doublistesce of a Manufactured to adjust hull separation that diyeatfects the

demihull [1]. Ship design is typically governed by numeroud/ave-making resistance due to the interferenceeffeielcell
constraints that all need to be observed. powered USV is installed in the center body. Wirisgossible

to connect all systems through the aluminum piffése Fig.1)
B. Hull dimension
Under the consideration of the weight and size bf a
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TABLE V
BAsIC CURVES DESCRIBINGHULL FORM

el A e |
[ oesssse Tl R e e
= = Curves Quantity
. Ly s E—
ST —— DWL DesignWaterLine
— FOS FlatOfSide
CPC CenterPlaneCurve
Bilge Bilge Curve
FOB FlatOfBottom
Deck Deck Curve
Stem Stem Curve
TanAtDWL Tangent Curve at DWL
TanAtDeck Tangent Curve at Deck
TanAtStem Tangent Curve at Stem
SAC Section Area Curve

Fig. 1 Layout of equipmen

TABLE |
PRINCIPAL PARTICULARS OF FUEL CELL POWEREDUSV (DEMIHULL)

Symbol Quantity Particular the difficulty of deciding hull form variation exis as desig|

Lop Length 1.487 m parameterghange and hull form variation can be different

B Breadth 02m which design paraeters or design range are cho

B Braftth 8-(1;'" Parametric modification function has demerit thagsign

ep . oem parameters are dependent on des’s know-how. Design

Cs Block Coefficient 0.5279 ; .

A Displacement 275kg parameters _and basic curves that affect each eectig
afterbody, midbody, forebody, are demonstratec Table
2,3,4,5.

TABLE Il B. Full Parametric Design based on basic curves
AFTERBODYHULL FORM As shown in Fig. 2 each basic curves and area sunvehe
_ longitudinal direction are generated by usFspline-curves
Parameters Quantity expressed by form parameters and then 3 dimenssoniace:
can be geerated by information from basic curves and
zTransom . . . K R .
) Center Plane Cur curves. Basic curves in the longitudinal directiongenerating
xFOBTail ; ; ;
_ A ‘ 3 dimensional hull form consist of form curves egsed b
zBilgeTail Bilge Curve form parameters of Table 2,3and characteristic curves which
express longitudial distribution of 3 dimensional surfa
TABLE Il characteristic.
MIDBODY HULL FORM
Parameters Quantity
1
xPaBeg =
xParEnd e —
e —|
YFOBMax Section Shape -
Bhalf S T NN
Height N
zBilgeHeight s
/ \ !
7 N
7 N\
TABLE IV — D N
FOREBODYHULL FORM / — <N
L oigs 2= o\
. T— & | — 17
Parameters Quantity T .- —
cpC ran FOs TanAtDWL  DWL Stem
CoefficientAtFOBBeak B
CoefficientAtDwIForeShoulder ) o
Section Shape
TangentAtFOBBeak

TangentAtDwlIForeShoulder
EntranceAngle
FOBEnNtranceAngle

Design Waterline
Flat Of Bottom

I1l.  HULL FORM DESIGNBASED ON PARAMETRICMODELING

A. Parametric Modification Function
Paramé&ic modification method is the way to vary hultfio
by changinggenerally formulated form parameters. Howe'

Fig. 2Full parametric design based on basic ct

IV. DISTANCE OPTIMIZATION OF HULL SEPARATION

The main idea for optimization is simulat-driven design.
Computer simulation produced a number dariants and

279



International Journal of Engineering, Mathematical and Physical Sciences
ISSN: 2517-9934
Vol:6, No:3, 2012

converged to the best design automatically. Whsigtehas t
do is to set the conditions and to trigger the whmloces: As
shown in Fig. 3, process flow for hydrodynamic opsation is
introduced in section A.

A. Process flow

. Set the vales of geometric parameters and define
basic curves.

. Define the hull surfaces based on the all basives
defined in the previous step.

. Extract offset groups from section information defil
by the surfaces.

. Evaluate the hydrostatic values.

. Vary hull form using Lackenby entity. When t
change of values of Cp and LCB position were detk
Lackenby entity rearranges section positions t@khe
given values maintaining the smoothness of
longitudinal area distribution, i.e. faired C.

. Start CFD calculation to obtain the quantitativeutis
of the hydrodynamic characteristics of the varied
form.

. Start design engine to evaluate the objective &
and verify if the design constraints are satisfiédhe
process doesot meet the termination condition, a n
set of values of design variables are producedjarah
to the geometric parameters at the first s

In the fully parametric design every parameters ba
chosen as design variables in the optimizationgss. In this
research project, however, only the optimum hufiasation
was considered to be evaluated. Meanwhile all ajbemetric
parameters are fixed during the optimization prec&herefore

the hydrostatic characteristic of the demit is maintaied, too.

Entire process is controlled by FRIENDSI-Framework.
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B. CFD calculation

The prime concern of hydrodynamics in this studwése
resistance performance of a catamaran. The-linear
wave-malng resistance was assessed by means of the pb
module of the famous commercial CFD code SHIPFLOWe
wavemaking resistance was determined by pres
integration and transverse wave cut analysis. Sitie
demihull has not complicated shape wiut bulbous bow and
stern bulb, the pressure integration returneddhast result o
wave coefficient (Cw). The typical wave system afatnarar
is caused from the wave interference between the
demihulls and the disturbed wave produces wave pg
resistance downstream after ship’s body. The-field
transverse wave cut analysis returns the coefficiEthe wave
pattern resistance (Cwtwc). In order to combinawwaspect
of wavemaking resistance, the averaged value 2C, +
Cuwe )2 was itroduced. Preventing that the w-making
resistance characteristic is leaning toward Cwfactor 2 was
given to Cw value. iice the body is symmetric, c-half of the
computational domain wassed for numerical treatment. T
panels from 1.5 ship lenc upstream to 3.0 ship length
downstream coveretthe free surface domains. The transwvi
extension of the free surfawas about 1.5 ship length. The
number of panels on or®lf of the hull and free surfawas
2,466.

C. Optimization Approach

Often there gist several feasible Fn areas which are of ¢
advantage to the resistance performance. feasible speed
ranges of catamaran at the fixed distance 0.62mieseen in
Fig. 4.
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Fig. 4 Nonlinear wavenaking resistance characteris

Feasible Frouel number range exisaround Fn 0.3 and Fn
0.45 that thdavorable interferenc due to wave superposition
in the center wave profile of catamaran can be eepeWave
superposition significantly affec resistance at high speed
rather than at medium speddh the other hand, breaking we
that applies pressure to each hull gradually ocrora Fn 0.2
to Fn 0.37. The upper part in Fig. 5 shows wavéepatat Fr
0.3 and lower part shows it at Fn 0.45, which dréiaus tha
diverging waves are radiating from the bow togethéth
transverse waves.
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Fig. 5 Wave pattern of fedde Fn ranges at fixed distances : (a) w
pattern at Fn = 0.30 (b) wave pattern at Fn =
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Fig. 6 Feasible distance and &rhigh speed ran

Sobol which is deterministiclgorithm that imitates th
behavior of random sequences known as ~random shows
the tendency or the relationship between objedtimetion anc
hull separation, Froude number and hull separatbiective
function and Froude number. Hull separationich is
parameter is limited from 0.3 to 0.8. In Fig. 6, emhhull
separation is 0.598m, 0.548m, 0.504md 0.37m, objectiv
function is 0.0121, 0.0115, 0.0113, 0.0102 and ékeocaumbe
is 0.40, 0.42, 0.43, 0.45, respectiveljheTtendency by Sob
shows tlat if the speed increases from Fn 0.40 to 0.45
separation becomes narrower to reach to minir
wave-making resistance. Optimization with constraint tail
separation is limited to vary from 0.6m to 0.3rpésformed by
Tsearch method. In the staftthe optimization at middle spe
range, hull separation value at Fn 0.40 which hatimum
wavemaking resistance at high speed ranges is selectela
constraint for optimizing hull separation at middfgeed range

Total Resistance, N

32

30

N
>

Total Resistance, N

Fig. 80ptimized speeds and distances at lle speed (upper graph),
at high speed (lower graf

The tendency by Sobol shows that if the speed dees

In Fig. 7, when hull separation is 0.8240691m, 0.643m and from Fn 0.40 to 0.25 hull separation becomes wideeach tc

0.598m, objective function is 0.0042, 0.0055, 0806.0121
and Froude number is 0.25, 0.27, 0.29, 0.40, réispbc

minimum wavemaking resistance because the favor
interference does not have trong effect on wave-making
resistance at middle speed rai
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Fig. 9 Wave elevation in the innerave profile

After DOE, local optimization by Tsearch method Hes
that hull separation converges on 0.62m as Froudeber a
middle speed range in Fig.c®nverges on minimum numb
0.25, of the constrairtnd results that hull separation conver
on 0.54m as Froude number at high speed rangegn&
converges on minimum number, 0.40, of tconstraint.
Wavemaking resistance considering varying we surfaces
and frictional resistance from ITTC 57 are caloathto obtair
total resistance.

Due to the interference between the bow wave systa
deep crest and trough are present in Fig. 9. Ma@gokre wave
crest and trough move downstream as theude number
increases. Bmarkable results can be observed that favo
interference after wave superposition diminishesd cres
at Fn 0.40 and that radiating wave at Fn 0.25 témdkecreas
from 0.5 position to 1 position where it dominatdse
wave-making resistance.

e
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w

Fig. 10 Wave pattern at optimized high speed ranges : (e watterr
at Fn = 0.40 (b) wave pattern at = 0.45

As it can be seen in Fig. 10, 11, the presenckeotfwin hull
has a strong influence on the wave pattern i inner region,
whereas on the outer region the change respeug tmonohul
is rather small.
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Fig. 11 Wave pattern at optimized middle speed rangeswéep
pattern at Fn = 0.40 (d) wave pattern at Fn =

V.CONCLUSION

Full parametric modelingf a fuel cell powered unmanned

surface vehicleconsidering all the dimensions of navigat
system, motor system, lithium polymer batteriesgl faell
system and communication system have bapplied. An
analysis of the performances and the interferegpendency

performances and thaterferenc dependency, the results of

optimizing hull sepat#on at middle speed and at high sp
have been successfully converged 0.62m and 0.54m,
respectively.
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