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Hull Separation Optimization of Catamaran
Unmanned Surface Vehicle Powered with
Hydrogen Fuel Cell
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Abstract—This paper presents an optimization of the hull

separation, i.e. transverse clearance. The maectt is to identify

Evaluating a complex constraint might take tangifert
(for instance, simulating the hydrodynamics forcdfidesign

the feasible speed ranges and find the optimunsveaee clearance point) but also constraints that entail less corafamal burden

considering the minimum wave-making resistance. dimeensions
and the weight of hardware systems installed in ¢agamaran
structured fuel cell powered USV (Unmanned Surféekicle) were
considered as constraints. As the CAE (Computeed\igngineering)

are difficult to oversee if there are many [2]. Tuser-friendly
integration of hull form modeling, simulation angtionization
can be performed a CAE system that offers the Hlexi

platform FRIENDSHIP-Framework was used. The hull surface integration of tools available in the individual sign

modeling, DoE (Design of Experiment), Tangent seaqtimization,
tool integration and the process automation werdopaed by
FRIENDSHIP-Framework. The hydrodynamic result waaleated
by XPAN the potential solver of SHIPFLOW.

Keywords—Full  parametric modeling, Hull

Separation,

environment.Viscous resistance interference was found to
relatively independent of speed and hull separatiahrather is
dependent on demihull-length-to beam ratio. Ivislent that a
significant reduction in resistance could be aokieby finding
the optimum position of stagger [3]. For valuatiregistance

Wave-making resistance, Design Of Experiment, Tangmarch characteristics of catamaran structured fuel celivgred

method

I. INTRODUCTION
WITH the increase on replacement of power source

unmanned surface vehicle, wave interference effeetto the
interaction of the wave systems produced by eachituél

contributing to the total resistance should be mirnéd by
pptimization of the hull separation [4]. Transvexdearance

ships by regulation reinforcements for environmentShould be flexibly generated and changed accoringrious

fuel cell system as a new power source has becesemgal for
both terrestrial and marine applications against ittiensity.
For the purpose on developing commercial fuel pelivered
USV, catamaran has been chosen because of itsiodirsy
performances with respect to speed, rolling, resis,
maneuvering and sea-keeping. Catamaran resistande
propeller efficiency depend on transverse cleararfudl

asymmetry, principal dimensions ratios, and huthfoWith

the ship speed, displacement, and length of a mdhahd a

required power on fuel cell powered USV considerait
dimensions of hardware systems, respectively.The dithe
present work is to investigate the wave-making atizristics
of a catamaran hull and to optimize the distancehef hull
which has parallel middle body to install lithiunolpmer
hatteries and motor driver required for the eletirisupply to
navigation system and for its systematic integratio

Il. DESCRIPTION OFHULL

catamaran being equal, the latter should have dehig A. Layout of Equipments

propulsion power, or with speed and capacity beiggal, the
catamaran needs less power. However,

The initial hull shape is mainly featured to satighe

resistancea ofdimension of the internal equipment. Lithium polymotor

catamaran is usually greater than that of her setated hulls driver and motor are placed in the parallel midubely region
summed, except for some ranges of Fn (Froude nyraper Of both side hulls. Both demihulls and center hatie
clearance ratio when it is less than the doublisteesce of a Manufactured to adjust hull separation that diyeattects the

demihull [1]. Ship design is typically governed by numerou

constraints that all need to be observed.
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wave-making resistance due to the interferenceteffaelcell

powered USV is installed in the center body. Wirimgossible
to connect all systems through the aluminum piffese Fig.1)
B. Hull dimension
Under the consideration of the weight and size bf
mechanical and electrical systems, the principatedisions
were developed as shown in Table I.
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TABLE V
BAsIC CURVES DESCRIBINGHULL FORM

Curves Quantity

DWL DesignWaterLine

FOS FlatOfSide

CPC CenterPlaneCurve

Bilge Bilge Curve

FOB FlatOfBottom
Lithium Deck Deck Curve
Polymer Stem Stem Curve
Battery TanAtDWL Tangent Curve at DWL

TanAtDeck Tangent Curve at Deck

driver TanAtStem Tangent Curve at Stem

SAC Section Area Curve

Fig. 1 Layout of equipmen Ill. HULL FORM DESIGNBASED ON PARAMETRICMODELING

TABLE | A. Parametric Modification Function
PRINCIPAL PARTICULARS OF FUEL CELL POWEREDUSV (DEMIHULL ) Parame#ic modification method is the way to vary hultfo

by changinggenerally formulated form parameters. Howe

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

Lpp Length 1.487 m parameterghange and hull form variation can be different
B Breadth 0.2m which design pamaeters or design range are chos
T Draft 0.15m Parametric modification function has demerit thatsign
D Depth 0.07 m parameters are dependent on des’s know-how. Design

Cs Block Coefficient 0.5279 . .
A Displacement 275 kg parameters and basic curves that affect each eectig

afterbody, midbody, forebody, are demonstratec Table
2,3,4,5.
TABLE I B. Full Parametric Design based on basic curves
AFTERBODYHULL FORM As shown in Fig. 2 each basic curves and area sunvihe
longitudinal direction are generated by usFspline-curves
Parameters Quantity expressed by form parameters and then 3 dimenssorface:s
can be geerated by information from basic curves and
Center Plane Cur curves. Basic curves in the longitudinal direcfiongenerating
3 dimensional hull form consist of form curves esgzed b
ZBilgeTail Bilge Curve form parameters of Table 2,3and characteristic curves which
express longitudial distribution of 3 dimensional surfa
TABLE Ill characteristic.
MIDBODY HULL FORM

zTransom
xFOBTail

Parameters Quantity

xParBeg
xParEnd
yFOBMax Section Shape
Bhalf
Height
zBilgeHeight

TABLE IV
FOREBODYHULL FORM

Parameters Quantity
FOS TanAtDWL DWL Stem
CoefficientAtFOBBeak :
CoefficientAtDwIForeShoulder ) D
Section Shape
TangentAtFOBBeak Fig. 2Full parametric design based on basic ct
TangentAtDwlIForeShoulder
EntranceAngle Design Waterline
FOBEntranceAngle Flat Of Bottom IV. DISTANCE OPTIMIZATION OF HULL SEPARATION

The main idea for optimization is simulat-driven design.
Computer simulation produced a number @ariants and
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converged to the best design automatically. Whsigtdehas tc
do is to set the conditions and to trigger the whmloces: As
shown in Fig. 3, process flow for hydrodynamic optation 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 basivas
defined in the previous step.

. Extract offset groups from section information defi
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@kbe
given values maintaining the smoothness of
longitudinal area distribution, i.e. faired C.

. Start CFD calculation to obtain the quantitativeutes
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 producedyareh
to the geometric parameters at the first s

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

the hydrostatic characteristic of the ddmit is maintaiied, too.

Entire process is controlled by FRIENDSI-Framework.
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Fig. 3 General pcess flov
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B. CFD calculation

The prime concern of hydrodynamics in this studwis/e
resistance performance of a catamaran. The-linear
wave-malng resistance was assessed by means of the @b
module of the famous commercial CFD code SHIPFLOWE
wavemaking resistance was determined by pres
integration and transverse wave cut analysis. Siti
demihull has not complicated shape wiut bulbous bow and
stern bulb, the pressure integration returneddhast result o
wave coefficient (Cw). The typical wave system afagnarar
is caused from the wave interference between the
demihulls and the disturbed wave produces wave pa
resistance downstream after ship’s body. The-field
transverse wave cut analysis returns the coefticibthe wave
pattern resistance (Cwtwc). In order to combinewwaspect
of wavemaking resistance, the averaged value 2C, +
Cwwe )2 was itroduced. Preventing that the w-making
resistance characteristic is leaning toward Cwfactor 2 was
given to Cw value. ice the body is symmetric, c-half of the
computational domain wassed for numerical treatment. T
panels from 1.5 ship len¢ upstream to 3.0 ship length
downstream covereithe free surface domains. The transv
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 rist several feasible Fn areas which are of ¢
advantage to the resistance performance. feasible speed
ranges of catamaran at the fixed distance 0.62mbeseen in
Fig. 4.

0.028 4
0.026
0.024
0.022
0.020
0.018 o
0.016

0.014 o

Objective Function

0.012

0.010

0.008

0.2 0.3 0.4 0.5 0.6 0.7 0.8
Fn

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 exegeWave
superposition significantly affec resistance at high speed
rather than at medium speédh the other hand, breaking we
that applies pressure to each hull gradually ocftora 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 de¢iaus tha
diverging waves are radiating from the bow togetith
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 =

0.022
0.020
0.018
0.016

0.014
0.012
0.010
0.008
0.006
0.004
0.002

Objective Function

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 objedtinetion 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 ékecnumbe
is 0.40, 0.42, 0.43, 0.45, respectivelyeTtendency by Sob
shows tlat if the speed increases from Fn 0.40 to 0.45
separation becomes narrower to reach to minir
wavemaking resistance. Optimization with constraint #nall
separation is limited to vary from 0.6m to 0.3mpé&formed by
Tsearch method. In the staftthe optimization at middle spe
range, hull separation value at Fn 0.40 which hagimum
wavemaking resistance at high speed ranges is seltctazla
constraint for optimizing hull separation at middfgeed range
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Fig.
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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 0.82400691m, 0.643m and from Fn 0.40 to 0.25 hull separation becomes wideeach tc

0.598m, objective function is 0.0042, 0.0055, 0&806.0121
and Froude number is 0.25, 0.27, 0.29, 0.40, réispéc
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minimum wavemaking resistance because the favor
interference does not have trong effect on wave-making
resistance at middle speed rai

1SNI:0000000091950263



Open Science Index, Physical and Mathematical Sciences Vol:6, No:3, 2012 publications.waset.org/6577.pdf

World Academy of Science, Engineering and Technology
International Journal of Physical and Mathematical Sciences
Vol:6, No:3, 2012

Fn 0.25
Fn 0.40
I'n 0.45

0.020

0.015 4

0.010 4

0.005 4

0.000

-0.005

Wave Elevation

-0.010 4

-0.015

-0.020 T T T T T T
-1 0 1 2 3 4 5

x-position

Fig. 9 Wave elevation in the innerave profile

After DOE, local optimization by Tsearch method fes
that hull separation converges on 0.62m as Froudeber al
middle speed range in Fig.c®nverges on minimum numb
0.25, of the constrair@nd 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 caloadbto obtair
total resistance.

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

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 presenckeofwin 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 rangeswé#ee
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 batteriesel faell
system and communication system have bapplied. An
analysis of the performances and the interferegpendency
on the separation distance between the twin hudks theer
performed bycombining an optimizationframework and
hydrodynamic analysis toolSHIPFLOW 4.4. With the
performances and thiaterferenc dependency, the results of
optimizing hull separtéon at middle speed and at high sp
have been successfully converged 0.62m and 0.54m,
respectively.
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