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Motivation

e Yacht design Is traditionally
based on previous designs and
systematic hull series (e.g. Delft
series)

e The data base for catamaran
designs and planing hulls is
rather limited

*Model tests are prohibitively
expensive

* The Simulation-Driven-Design
approach allows to relate small
design changes to performance
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The Designs

DreamCatcherOne Riva Junior

* New Design  Classical Design

 Sailing catamaran (LWL ~20m) * Motor boat (LWL ~5.66m)

36t displacement » 1.3t displacement

* Displacement speeds  Plaining speed

« Two speed optimization * One speed optimization
(Fn = 0.3 (8.2kts) and Fn = 0.44 (12kts)) (Fn = 1.32 (18kts))

* Different CFD codes used « One CFD codes used
(SHIPFLOW®, FINE ™/Marine) (FINE™/Marine)

« > 4500 models investigated « ~ 100 models investigated

* Design objective: e Design objective:
Good light wind performance Min. resistance at design

speed
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Parametric model in Yacht Design

*Key success factors

* Reduce the number of independent parameters

e Parameters should influence known performance
aspects as directly as possible

 Large parameter ranges to cover “unusual”’ designs
* Provide suitable constraints
* CAESES® parametric CAD system

 define complex geometric shapes based on
mathematical models

* Integrates well with a many CFD solvers such as
SHIPFLOW®, FINE™/Marine, STAR-CCM+ or
OpenFOAM
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DCOne: Three-/Four plate models

 All parametric hull designs used here use a section engine

» Shape parameters

 waterline curve, center line curve, dead rise angle curve and
flare angle curve, sectional area, longitudinal position

 Dependent parameters

e side angle is derived w ,

using a quadratic ~_ all W ps
equation minimizing

the length p,p,psp,
e displacement by

variation of sectional
area

bow section

main section

flare angle (FA

SA\ side angle

width at waterline BWL

dead rise angle (DA P1
canoe body draft Tc
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DCOne: Three-/Four plate models

 All parametric hull designs used here use a section engine

» Shape parameters

« waterline curve, center line curve, dead rise angle curve and
flare angle curve, sectional area, longitudinal position

» Dependent parameters

e side angle is derived
using a quadratic
equation minimizing
the length p;p,psp,

e displacement by
variation of sectional

area

|

waterline \ v

!

bow section

z aft section

main section

dead risel DA

angle  3noe body draft Tc—"

Po

16.05.2015 B. Hasubek, S. Harries: SDD of sailing yachts and motor boats



DCOne: Modeling Pitfall

Choosing parameters that directly influence
performance does not always work:

e Sectional area curve Is translated into a multitude of
hard chined sections

* The curves connec- ¢+ L
ting the corner ' N —.
points are not fair ||
but show wave-like
shapes

e TOO many constraints \\\\ Yy
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DCOne: Fair chines

* Three section only: stern,main, bow | /~

* The chines depend on the section points
which are connected by C2-continous
splines

* The chine-curves are used as rail
curves for developable surfaces
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DCOne: Design parameters

 Maximum Beam

« Beam at stern

* Bow Fineness

* Rocker angle at the stern
 Draft at stern

* Area of stern section

* Flare angle at stern
 Beam-to-Draft ratio

e Dead rise angle curve L0200 100 180 70 160 150
e Flare angle curve | | | | | | |
 Draft at bow

« Longitudinal position ——
of the main section

Fineness = 0

21.0 20.0 19.0 18.0 17.0 16.0 15.0

Fineness = -5

Fineness = -10

21.0 20.0 19.0 18.0 17.0 16.0 15.0

16.05.2015 B. Hasubek, S. Harries: SDD of sailing yachts and motor boats 10



Riva: Parametric model

* Different approach:
Define hard chines first, then sections

* Chines are defined by generic curves in 3D that are
based on two planar curves in the XY and XZ planes

» SKinning by a mix of ruled surfaces and metasurfaces
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Riva: Parametric model

* Hull is composed of different parts that seamlessly connect
at the chines

e Each part can be separately varied based on separate
parameter curves

* In longitudinal direction the sections are varied based on a
mathematical model of the section (i.e a program written
within the CAD environment (CAESES®) to generate the
meta surfaces
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Riva: Design Parameters

eBeam

* Hollowness
*Rocker

e Deadrise

See:

]

webapps.caeses.com
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http://webapps.caeses.com/

DCOne: CFD Model setup 1

e Parametric model in CAESES®
* Hull geometry

 Fixed displacement
*Interface to SHIPFLOW®

e Section created in CAESES®

best meshing results LR

Hi
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DCOne: CFD Model setup 2

e Parametric model in CAESES

* Heel / Leeway transformations
* Fixed displacement

e Variable rudder angles and
daggerboard sweep angles

* Interface to FINE ™/Marine
 Triangulation in CAESES®

e Water-tight STL body . ’ . ’
e STL-triangulation exported BEane T T

(multibody STL)

e Different colours for different parts for

automatic recognition in FINE ™/Marine’s
“C-Wizard”
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Riva: CFD Model setup

 Triangulation of hull and simulation domain
e Colored STL Export as in DCOne Case 2
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Optimization strategies

DreamCatcherOne Riva Junior
» Wave resistance single hull » Total resistance (RANSE solver)
 “Design of Experiments”  “Designs of Experiments”
e ~4000 models, 8000 calculations  Evaluation of the design
» Total resistance, zonal approach Space
e ~100 models

* ~500 models, 1000 calculations

e Selection criterium: Weighted
sum of resistances at Fn= 0.3

e Selection criterium: Lowest
resistance at design speed

and Fn=0.44 * Tseach
 Total resistance appended  automatic using deterministic
catamaran model (RANSE solver) gradient-free search strategy to

find the best model in a limited

« ~200 simulations .
design space

* Verification of best single hull
designs, hull distance, ...

16.05.2015 B. Hasubek, S. Harries: SDD of sailing yachts and motor boats 17



DCOne: Numerical Results 1

e Best three and four
plate designs

e Complete speed range

e Significant

Improvement between

9000

8000

7000

6000

5000

F,=0.28 and 0.36 .o

(7.5 and 9.5 kts)
(Hull speed 10.9kts) ™

* Four plate design 2000
better at h Ig h er 1000 — Four Plate Design
Ve|OC|t|eS — Three Plate Design
o -17.1% == Reference Design
0.16 0.20 0.24 0.28 0.32 0.36 0.40 0.44 0.48 0.52
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DCOne: Numerical Results 2

e Result verification 12000
using RANSE solver 11000
(FINET'V'/I\/Iarine) 10000

 Maximum deviation at 9000
the optimization points sooo
Fn:O.30 1.8% 7000

F.=0.44 0.1% 6000

* Maximum deviation at 5000
other calculation points 4000

Fn=0.36 5.5% 3000
2000
. 1000 L — Four plate design: FINE™/Marine
) Rellable reSUH:S ol — Four plate design: SHIPFLOW

0.16 0.2 0.240.28 0.320.36 0.4 0.440.48 0.520.56 0.6 0.640.680.72
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DCOne: Visual inspection 1

Wetted Surface = 100.99 m2
Pressure (normal stress)

5000]

40000—

30000+

1000

-1000

Pressure distribution: rectangular shape vs. elliptical appendage shapes
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DCOne: Visual inspection 2

Wave elevation: Bottom view, no rudder ventilation
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Riva: Numerical Results 1

Trim angle vs. speed
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Riva: Numerical Results 2
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Riva: Visual inspection 1

Base line at design speed (18kts)
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Riva: Visual inspection 2

Best Design at design speed (18 kts)
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Conclusions

*Key success factors

*Selection of design objectives
*Fully parametric models
*Automation of CFD simulations
*Flexible optimization strategies

*Simulation Driven Design Is a versatile
tool to solve complex yacht design
problems from overall design aspects to
specific detalls
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Vo,

Thank you! *

Home Design Hydrostatik Modelle CFD VPP Konstruktion Literatur Impressum

Dreamcatcher One - Ein Katamaran-Eigenbau aus
Aluminium

So lange ich denken kann, habe ich immer davon
getraumt, ein Segelkatamaran zu bauen. Nun
also dieses Projekt. Der Katamaran soll aus
Aluminium entstehen, weil dies das geeigneste
Material fur ein One-Off-Selbstbau darstellt. Der
Selbstbau hat viele Vorteile, wenn man von
Anfang an beginnt: Am Ende kenne ich jede
Schraube auf dem Schiff, was gerade fur Reisen
in abgelegenere Gebiete von entscheidender
Bedeutung sein kann. Der Nachteil ist, dass man
leicht das Ziel aus den Augen verlieren kann und
im schlimmsten Fall nie fertig wird.

Questions?

Eigenes Design

Die zugegebenermalRen Uppigen Abmessung von
etwa 20 Metern LOA waren eigentlich nicht mein
urspriinglicher Wunsch, aber Komfort- und
Sicherheitsanforderungen bei gleichzeitiger
Segelperformance lassen sich nicht in einem
kirzeren Design vereinbaren. Schon in der
Designphase soll immer auf einfache Baubarkeit
geachtet werden, so dass fir einen Selbstbauer
nur ein Knickspanter in Frage kommt.

For further
Information
ViSit my

Website: www.dreamcatcherone.de

Projektplan

igunnnngnIngmguugmnm

Dreamcatcher One - Entwurf 2016

16.05.2015 B. Hasubek, S. Harries: SDD of sailing yachts and motor boats 27




